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Background. Nucleotide analogues (NTs) monotherapy may have a more signifcant efect on reducing hepatitis B surface antigen
(HBsAg) than nucleoside analogues (NSs) due to their immunomodulatory function. However, this superiority remains unknown
when combined with PEGylated interferon α (PegIFNα). Terefore, this study aimed to explore whether NTs have more sig-
nifcant antiviral efects than NSs in combination therapy with PegIFNα.Methods. Chronic hepatitis B (CHB) patients treated with
PegIFNα plus nucleos(t)ide analogues (NAs) were retrospectively recruited. Efcacy and the predictors of hepatitis B surface
antigen (HBsAg) reduction >1 log10 IU/mL after 48 weeks were analyzed. Results. A total of 95 patients were included and divided
into the PegIFNα+NTs group and the PegIFNα+NSs group. Propensity score matching (PSM) was performed. Te
PegIFNα+NTs group had a greater reduction of HBsAg (−3.52 vs. −2.33 log10 IU/mL, P � 0.032) and a higher proportion of
patients with HBsAg reduction >1 log10 IU/mL (100.0% vs. 72.2%, P � 0.003) even after PSM. However, HBsAg and hepatitis B e-
antigen (HBeAg) loss rates, HBeAg seroconversion rates, degree of HBeAg and hepatitis B virus (HBV) DNA decline, HBV DNA
undetectable rates, and alanine aminotransferase (ALT) normalization rates showed no signifcant diferences. Subgroup analyses
showed the diference in the reduction of HBsAg was particularly evident in HBeAg-positive and the “add-on” subgroups.
PegIFNα plus NTs (OR� 36.667, 95% CI� 3.837–350.384) was an independent predictor for HBsAg reduction >1 log10 IU/mL
after 48 weeks. Conclusion. Tis study suggests that PegIFNα plus NTs may lead to more HBsAg reduction, especially in HBeAg-
positive and “add-on” patients.

1. Introduction

Chronic hepatitis B (CHB) is a global infectious disease.
Tere are currently about 70 million people infected with
hepatitis B virus (HBV) in China, with more than 20 million
CHB patients. Tese patients are at high risks of liver

cirrhosis and hepatocellular carcinoma (HCC), especially in
developing countries [1], presenting an immense medical
burden [2]. Covalently closed circular DNA (cccDNA)
persistence within hepatocytes is relevant for chronic HBV
infection [3]. Hepatitis B surface antigen (HBsAg) is a sur-
rogate marker for cccDNA transcriptional activity [3–5].Te
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disappearance of HBsAg, accompanied by a sustained vi-
rological response, loss of hepatitis B e-antigen (HBeAg),
recovery of alanine aminotransferase (ALT), and im-
provement of liver tissue lesions, is defned as functional
cure. Tus, important guidelines consider sustained HBsAg
disappearance after drug withdrawal as an ideal treatment
endpoint [6, 7].

However, HBsAg loss is not common with current
standard antiviral strategies, including nucleos(t)ide ana-
logues (NAs) and PEGylated interferon-alpha (PegIFNα).
Reduced HBsAg level is often associated with better out-
comes, including minimizing cirrhosis and HCC, and is
conducive to HBsAg clearance. Terefore, it is often used as
an efcacy indicator. NAs are economical and convenient
but cannot directly act on cccDNA. Patients usually need to
take long-term or even life-long medications, bringing
unavoidable economic and psychological burdens and drug
resistance problems. In contrast, PegIFNα can reduce
HBsAg more thoroughly in a subset of patients [8]. Te low
virologic response rate in PegIFNα monotherapy and poor
reduction of HBsAg in NAs monotherapy shed some light
on combination strategies.

Previous studies have proven that PegIFNα combined
with NAs had better clinical efects than those of PegIFNα or
NAs monotherapy [9–11], particularly in reducing HBsAg
[12] and enhancing HBsAg loss rate [13]. Additionally, NAs
can vary in efcacy. Nucleotide analogues (NTs), including
tenofovir disoproxil fumarate (TDF), adefovir dipivoxil
(ADV), and tenofovir alafenamide (TAF), are not only
structurally but also functionally diferent from nucleoside
analogues (NSs) like entecavir (ETV) and lamivudine
(LAM). According to a small randomized controlled trial,
the reduction in HBsAg was signifcantly higher in the TDF
arm than in the ETV arm in NAs-naive patients [14].
Furthermore, switching from ETV to TDF or TAF signif-
cantly declines HBsAg [15, 16]. Interestingly, NTs have also
been found with an additional immunological efect in in-
terferon lambda 3 (IFNλ3) induction compared to NSs [17].
Meanwhile, in some studies, TDF treatment was associated
with a signifcantly lower risk of HCC than ETV [18, 19].
Still, the comparison remains controversial [20]. Te HBsAg
clearance rate could reach 9.1% after 48 weeks of therapy
combining PegIFNα and TDF followed by TDF mono-
therapy until 72 weeks [9]. But the rate was only 0.8% when
PegIFNαwas combined with ETV for 48 weeks and followed
up to even 96 weeks [11]. According to this indirect com-
parison, PegIFNα combined with TDF (which represents
NTs) appears to reach a better HBsAg clearance rate than
that of PegIFNα combined with ETV (which represents NSs)
when the treatment durations are similar. However, the
populations and the end-points were not totally consistent
between the two studies, making comparison difcult. Tere
is currently no study directly comparing the efcacy of these
two combination therapies.

Terefore, comparing HBsAg reduction efcacy for
PegIFNα therapy combined with NTs or NSs in CHB pa-
tients is valuable. Tus, we conducted a retrospective study
using the data of CHB patients treated with a combination of
PegIFNα plus diferent NAs.

2. Methods

2.1. Patients. Between October 2011 and December 2018,
a total of 159 consecutive PegIFNα-naive CHB patients
who received PegIFNα for at least 48 weeks and combined
with NAs during the course were retrospectively enrolled
from two clinical centers, Huashan Hospital of Fudan
University (Shanghai, China) and Shanghai Public Health
Center of Fudan University (Shanghai, China). Chronic
HBV infection was defned as HBsAg-positive and/or HBV
DNA-positive for at least six months before enrollment.
Te combination therapy strategies could be “add-on”
(adding NAs on during the therapy of PegIFNα) and
“NAs-experienced” (adding PegIFNα to NAs treatment
which had been more than one year). Te NAs used back
then were kept consistent with the previous type. In total,
64 patients were excluded, with four having underlying
chronic hepatitis C, autoimmune hepatitis, HIV, or tumor,
seven having used PegIFNα for more than 48 weeks when
NAs were added to the therapeutic regimen, one com-
bining nucleoside analogues with nucleotide analogues, six
using the combination therapy for less than 12 weeks, and
46 having a PegIFNα therapy duration less than 48 weeks
or incomplete data at an important timepoint. In this
study, 95 patients were ultimately included, with one
group including those who received PegIFNα combined
with nucleoside analogues (ETV) (n � 18), and the other
group including patients treated with PegIFNα combined
with nucleotide analogues (TDF or ADV) (n � 77). Tis
retrospective study was conducted under the approval of
the Ethics Committee for Huashan Hospital of Fudan
University and following the Declaration of Helsinki.
Written informed consent was obtained for all patients
included.

2.2. Clinical Data. All patients’ baseline clinical data and
laboratory test results were recorded. Clinical data included
demographic data, history of chronic hepatitis B, and
treatment history (name, dose, time, and medication
complications). Laboratory test results included blood
routine, liver function, and hepatitis B-related indicators
(HBsAg tilters, HBeAg titers, and HBV DNA levels). Te
baseline was defned as the start of PegIFNα therapy. Te
duration of PegIFNα therapy was at least 48 weeks, with
combination therapy for a minimum of 12 weeks. Labo-
ratory examination results at 0, 12, 24, 36, and 48 weeks and
the medication changes during the treatment (complica-
tions, dose changes, and addition or withdrawal of NAs)
were recorded in detail.

2.3. Defnitions of Treatment Response. Te primary end-
point was the reduction levels of HBsAg from the baseline at
48 weeks of treatment.

Serological responses after 48 weeks: (1) proportion of
patients with HBsAg reduction >1 log10 IU/mL from
baseline; (2) HBsAg loss rate; (3) reduction levels of HBeAg
from baseline at 48 weeks; (4) HBeAg loss rate and HBeAg
seroconversion (HBeAg loss with the appearance of anti-
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HBe) rate. Virological responses after 48 weeks: (1) re-
duction of HBVDNA levels from baseline after 48 weeks; (2)
HBV DNA undetectable rate (proportion of patients with
DNA <500 IU/mL after 48 weeks according to the accuracy
of the instrument at the time); (3) proportion of patients
with HBsAg reduction >1 log10 IU/mL from baseline, and
HBV DNA were undetectable after 48 weeks. Biochemical
response at 48 weeks was defned as ALTnormalization rate
(proportion of patients with baseline ALT >1 upper limit of
normal (ULN) and normal ALTafter 48 weeks, ULN� 40U/
L).

2.4. Laboratory Measurements. Serum HBsAg levels were
determined by Elecsys HBsAg II assay (Roche Diagnostics
GmbH, Mannheim, Germany; linear range, 0.05–52,000 IU/
mL).

HBsAg loss was defned as HBsAg <0.05 IU/mL. HBV
DNA was measured using TaqMan fuorescence quantif-
cation, and the lower detection limit was 500 IU/mL.
Routine biochemical and hematological tests were per-
formed locally. Te normal upper limit of ALTwas 40 IU/L.
Data from laboratory assessments were collected at baseline
and after 12, 24, 36, and 48 weeks of treatment.

2.5. Statistical Analysis. HBsAg and HBV DNA levels and
reduction levels were log (base 10) transformed.

Te Kolmogorov–Smirnov test was conducted for
normality testing. Continuous variables are represented
by the mean ± standard deviation (SD) and median
(interquartile range (IQR)). Independent t-tests were
used to compare continuous variables with normally
distributed data (Z-score between ±1.96, calculated by
skewness and kurtosis), while Mann–Whitney U tests
were used to compare continuous variables with a skewed
distribution. Te chi-squared test presented the cate-
gorical data as n (%). Diferences among groups were
evaluated using one-way analysis of variance (ANOVA) if
the variances were homogeneous, and the LSD-T test was
used for intergroup comparison. Otherwise, the Krus-
kal–Wallis test (K-W test) for nonparametric statistics
was conducted. Multivariate logistic regression analysis
was applied to determine the predictors that afected
HBsAg reduction >1 log10 IU/mL from baseline at
48 weeks of treatment. To adjust for potential bias that
could infuence the results, including sample size with
excessive deviation, we applied a balanced study based on
the propensity score matching (PSM) technique at a 1 : 1
ratio with a caliper of 0.2 separately between the
PegIFNα+ ETV group and the PegIFNα+ ADV group or
the PegIFNα+ ETV group and the PegIFNα+ TDF group.
Age, HBsAg, and prior treatment duration of NAs
combined with PegIFNα were imputed for PSM. Te
balance of the variables between the groups was con-
sidered acceptable when the absolute value of the stan-
dard diference was less than 10%. Diferences were
considered signifcant at a two-tailed P< 0.05. All sta-
tistical analyses were carried out using SPSS software
version 24.0 (IBM, Armonk, NY, USA).

3. Results

3.1. BaselineCharacteristics. A total of 95 cases were selected
for efective analysis, including 18 patients who received
a therapy combining PegIFNα with nucleoside analogues
(PegIFNα+NSs) and 77 patients who received PegIFNα
combined with nucleotide analogues (PegIFNα+NTs)
(Figure 1). In detail, the PegIFNα+NTs group included the
PegIFNα+ETV group, the PegIFNα+NTs group included
the PegIFNα+ADV group and the PegIFNα+TDF group.
Tere were no signifcant diferences in baseline information
between the two groups or among subgroups prior to PSM
(Table 1). PSM was performed, yielding 18 patients matched
in each subgroup. After PSM, relative multivariate imbal-
ance L1 was lower than before matching, indicating a better
balance. No covariate exhibited a signifcant imbalance, and
all the covariates reached a balance within 10%, so the
balance of the variables between groups was considered
acceptable after PSM. No statistically signifcant diferences
were found among patients in each group after PSM
(Table 1).

3.2. Primary Endpoint before and after PSM. HBsAg level
gradually decreased during treatment. After 48 weeks, pa-
tients in the PegIFNα+NTs group achieved more reduction
in HBsAg levels (−3.45 vs. −2.33 log10 IU/mL, P � 0.040)
than those in the PegIFNα+NSs group (Table 2). Both the
PegIFNα+ADV group (−3.47 vs. −2.33 log10 IU/mL, P �

0.029) and the PegIFNα+TDF group (−3.44 vs. −2.33 log10
IU/mL, P � 0.046) reduced signifcantly more HBsAg levels
than the PegIFNα+ETV group. After PSM, the change in
HBsAg from baseline was −3.52 log10 IU/mL in the
PegIFNα+NTs group and −2.33 log10 IU/mL (P � 0.032) in
the PegIFNα+NSs group (Table 3). HBsAg declined sig-
nifcantly more in the PegIFNα+NTs group (Figures 2(a)
and 2(d)). Both the PegIFNα+ADV group (−3.55 vs. −2.33
log10 IU/mL, P � 0.035) and the PegIFNα+TDF group
(−3.49 vs. −2.33 log10 IU/mL, P � 0.039) reduced HBsAg
more than the PegIFNα+ETV group (Table 3).

3.3. Serological Responses. Before matching, the proportion
of patients with an HBsAg reduction >1 log10 IU/mL after
48 weeks of treatment was signifcantly higher in the
PegIFNα+NTs group than in the PegIFNα+NSs group
(98.7% vs. 72.2%, P � 0.001).Tis diference was still present
after matching (100% vs. 72.2%, P � 0.003) (Figure 3).
Similarly, both the PegIFNα+ADV group and the
PegIFNα+TDF group had a higher proportion of HBsAg
reduction >1 log10 IU/mL after 48 weeks than the
PegIFNα+ETV group before and after PSM (Tables 2 and 3)
(Figure 3).

We further analyzed patients who had HBsAg loss after
undergoing various treatments. Before PSM, four patients
(22.2%) achieved HBsAg loss in the PegIFNα+NSs group,
while only fve patients (6.5%) in the PegIFNα+NTs group
achieved HBsAg loss, but the diference was not statistically
signifcant (P � 0.109) (Table 3). After PSM, patients
achieving HBsAg loss in the PegIFNα+NTs and the

Canadian Journal of Gastroenterology and Hepatology 3



PegIFNα+NSs group were three (8.3%) and four (22.2%),
respectively, without signifcant statistical diference
(P � 0.205) (Figure 3). Subgroup analysis did not show
statistically signifcant diferences (Tables 2 and 3).

After 48 weeks, the reduction in serum HBeAg from
baseline was more pronounced in the PegIFNα+NTs group
than in the PegIFNα+NSs group both before and after PSM.
However, the diferences were not statistically signifcant
(before PSM: −532.27 vs. – 394.33 s/co, P � 0.447; after PSM:
−478.72 vs. −394.33 s/co, P � 0.667) (Tables 2 and 3)
(Figures 2(b) and 2(e)). HBeAg loss at 48 weeks occurred in 11
patients (16.9%) in the PegIFNα+NTs group and in three
patients (23.1%) in the PegIFNα+NSs group before matching
(P � 0.895) (Table 2). Meanwhile, eight (12.3%) and two
(15.4%) patients from each group achieved HBeAg sero-
conversion (P � 1.000) (Figure 3). After PSM, the HBeAg loss
rate (23.1% vs. 13.8%, P � 0.657) and HBeAg seroconversion
rate (15.4% vs. 10.3.%, P � 0.637) showed no signifcant
diferences between the two groups (Figure 3). No diferences
were observed among subgroups (Tables 2 and 3).

3.4. Virological Responses. Before matching, HBV DNA
decreased by −4.57 log10 IU/mL from baseline in the
PegIFNα+NTs group and −3.32 log10 IU/mL in the
PegIFNα+NSs group (P � 0.198) (Table 2). After matching,
the changes in HBVDNA from baseline were −4.72 log10 IU/
mL and −3.32 log10 IU/mL in patients treated with
PegIFNα+NTs and PegIFNα+NSs, respectively (P � 0.194)
(Figures 2(c) and 2(f )). Meanwhile, the number of patients
who reached HBV DNA below the lower detection limit
(<500 IU/mL) after 48 weeks was 72 (94.7%) in the
PegIFNα+NTs group and 17 (94.4%) in the PegIFNα+NSs
group (P � 1.000) before matching, and 33 (94.3%) vs. 17
(94.4%), respectively, after matching (P � 1.000) (Figure 3).
No diferences were observed among subgroups (Tables 2
and 3).

Interestingly, the proportion of patients who simulta-
neously achieved both HBsAg reduction >1 log10 IU/mL and
undetectable HBV DNA was 92.2% in the PegIFNα+NTs
group and 72.2% in the PegIFNα+NSs group, with sig-
nifcant diference before matching (P � 0.048) (Figure 3).

CHB patients receiving PegIFNα + NAs
N = 159

CHB patients included
N = 95

Patients excluded:
• Combined with chronic hepatitis C,
autoimmune hepatitis, HIV or tumor
(N = 4)
• PegIFNα has been used for more than
48 weeks when NAs added (N = 7)
• Combined NSs and NTs at the same
time (N = 1)
• Combination therapy time less than 12
weeks (N = 6)
• PegIFNα duration less than 48 weeks
or incomplete data at important time
(N = 46)

PegIFNα + NSs
N = 18

PegIFNα + NTs
N = 77

Propensity score matching

PegIFNα + NSs
N = 18

PegIFNα + NTs
N = 36

Figure 1: Flow diagram describing the selection of the study population.
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Te PegIFNα+TDF group had a signifcantly much higher
rate than that of the PegIFNα+ETV group (97.3% vs. 72.2%,
P � 0.012). However, the proportion in the PegIFNα+NTs
group after PSM was not signifcantly higher (91.7% vs.
72.2%, P � 0.205) compared with the group treated with
PegIFNα+NSs, still the PegIFNα+TDF group had a sig-
nifcantly higher proportion than the PegIFNα+ETV group
(100.0% vs. 72.2%, P � 0.045) (Table 3) (Figure 3).

3.5. Biochemical Responses. Te proportion of patients with
elevated baseline ALT who returned to normal levels at
48 weeks difered between the two groups. However, the
diference was not statistically signifcant. In all, 33 patients
(43.4%) in the PegIFNα+NTs group and nine patients
(52.9%) in the PegIFNα+NSs group achieved a biochemical
response of serum ALT level <40 IU/L at the end of therapy
before PSM (P � 0.476) (Table 2). After matching, 15 pa-
tients (42.9%) in the PegIFNα+NTs and nine patients
(52.9%) in the PegIFNα+NSs group had biochemical re-
sponses, respectively (P � 0.494) (Figure 3). Biochemical
responses did not vary substantially by subgroups (Tables 2
and 3).

3.6. Subgroup Analyses. Patients were divided into sub-
groups based onHBeAg status or combination strategies. No
signifcant diferences were found at baseline among patients
treated with PegIFNα plus diferent oral drugs in HBeAg-
positive, HBeAg-negative, or “add-on” patients
(Tables S1–S3). Patients treated with PegIFNα+NSs had
a lower baseline HBV DNA level in the “NAs-experienced”
subgroup (Table S4). We found that there were more “add-
on” patients in the HBeAg-positive subgroup (66.7% vs.
17.6%, P � 0.001), and the ALT level was also higher (104 vs.
34 U/L, P � 0.001) than in the HBeAg-negative subgroup
(Table S5). Patients in the “NAs-experienced” subgroup had
a longer duration of antiviral therapy before adding on
PegIFNα. Terefore, the levels of HBsAg, HBeAg, and HBV
DNA were lower than the “add-on” subgroup at baseline
(Table S6).

In the HBeAg-positive subgroup, the reduction of
HBsAg (−3.62 vs. −2.43 log10 IU/mL, P � 0.002) was sig-
nifcantly more and the proportion of patients with HBsAg
reduction >1 log10 IU/mL after 48 weeks was signifcantly
higher (100.0% vs. 69.2%, P � 0.001) in the PegIFNα+NTs
group (Table S7). Antiviral efects in HBeAg-negative pa-
tients seemed to have no signifcant diferences between the
PegIFNα+NTs group and the PegIFNα+NSs group, al-
though the sample size was too small for meaningful sta-
tistical analysis (Table S8). In the “add-on” subgroup, the
reduction of HBsAg was signifcant more in the
PegIFNα+NTs group than in the PegIFNα+NSs group
(−3.89 vs. −2.27 log10 IU/mL, P � 0.002). HBsAg reduction
was signifcantly more both in the PegIFNα+TDF group
(−3.85 vs. −2.27 log10 IU/mL, P � 0.008) and in the
PegIFNα+ADV group (−3.91 vs. −2.27 log10 IU/mL, P �

0.003) than in the PegIFNα+ETV group. Te proportion of
patients who achieved HBsAg reduction >1 log10 IU/mL was
higher in the PegIFNα+NTs group than in the

PegIFNα+NSs group (100.0% vs. 75.0%, P � 0.019)
(Table S9). In the “NAs-experienced” subgroup, no signif-
icant diferences in the reduction of the HBsAg after
48 weeks were observed between the PegIFNα+NTs group
and the PegIFNα+NSs group. However, the proportion of
patients with an HBsAg reduction >1 log10 IU/mL at
48 weeks of treatment was signifcantly higher in the
PegIFNα+NTs group than in the PegIFNα+NSs group
(96.7% vs. 70.0%, P � 0.042), suggesting a signifcant dif-
ference in antiviral efcacy (Table S10). Because all the
patients in the PegIFNα+NSs group had undetectable viral
loads at baseline, so the HBV DNA level did not drop with
treatment. Terefore, HBV DNA reduction levels were not
comparable between two groups. Subgroup analyses were
performed using data before PSM, given our sample size.

3.7. Predictors Associated with HBsAg Reduction >1 log10 IU/
mL at 48 Weeks. All patients were divided into two groups
according to whether or not they achieved HBsAg reduction
>1 log10 IU/mL after 48 weeks. Univariate analysis was
performed to analyze the efect of clinical data and labo-
ratory tests. Factors with a P value <0.1 or clinical signif-
cance were included in multivariate logistic regression
analysis (forward: conditional method). As a result, we
found that treatment with PegIFNα plus NTs (OR� 36.667,
95% CI� 33.837–350.384) (Table 4) was an independent
predictor contributing to HBsAg reduction >1 log10 IU/mL
at 48 weeks.

4. Discussion

To date, PegIFNα and NAs are important clinical frst-line
anti-HBV drugs with diferent mechanisms and efects on
innate and adaptive immunity. NAs are oral direct antiviral
drugs that reduce the viral load by inhibiting HBV DNA
polymerase and reverse transcriptase. At the same time, they
cannot directly inhibit the transcriptional activity of
cccDNA. Terefore, obtaining durable immunological
control is difcult, and the clearance and seroconversion of
HBsAg and HBeAg are not easily achievable. As a result,
long-term medication is often required. PegIFNα can en-
hance innate immunity, trigger T cell-mediated immune
responses, prevent HBV protein formation, and deplete the
cccDNA pool [21], resulting in superior efectiveness to NAs
in reducing HBsAg [8]. Nearly one-third of PegIFNα re-
sponders achieve HBsAg clearance. In addition, strong in-
hibition of viral replication by NAs can assist PegIFNα’s
immunomodulatory efect [22]. Hence, a combination
strategy with PegIFNα plus NAs is theoretically feasible and
an inevitable trend for future development. However, before
a new generation of efective drugs is introduced and
popularized, exploration of the combination strategy has
become a major focus of current research.

Tere have been several studies on the efcacy of
combination therapy, among which many have shown
combination therapy to be superior to monotherapy in
reducing HBsAg levels [9, 23, 24] and found that combi-
nation therapy could even signifcantly increase HBsAg loss
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rate (9.1% vs. 2.8%) [24]. Furthermore, compared with NAs
monotherapy, combination therapy resulted in a higher
percentage of HBeAg loss (26% vs. 13%, at 96 weeks) [21]
and a higher HBeAg seroconversion rate (15% vs. 5%, at 48
weeks) [25] as well. Terefore, it is evident that combination
therapy has prominent advantages over monotherapy.
However, combination therapy’s baseline conditions, opti-
mal treatment duration, and sustained response rate require
further exploration.

At the same time, it is unclear whether efcacy difers
between nucleotide analogues and nucleoside analogues
when combined with PegIFNα. Te two oral drugs are
functionally diferent, especially in HBsAg reduction. Koike
et al. found that TDF reduced signifcantly more HBsAg
levels at week 24 (–0.147 vs. –0.027 log10 IU/mL, P< 0.05)
and 48 (–0.208 vs. –0.051 log10 IU/mL, P< 0.05) in NAs-
naive patients [14]. Furthermore, HBeAg-negative patients
whose HBsAg had not been reduced during a 48-week ETV
treatment had a signifcantly higher HBsAg reduction after
switching to TDF or TAF than in the ETV continuation
group [15]. HBV infection is a risk factor for hep-
atocarcinogenesis. Nevertheless controversial, previous re-
search has shown that TDF treatment could be associated
with a lower risk of HCC than ETV treatment. A large
retrospective analysis in China found that over a median
follow-up time of 3.6 years, 4.9% of ETV-treated patients
developed HCC, while it occurred in only 0.6% of TDF-
treated patients [19]. Similarly, a study in Korea consistently
found that the annual incidence rate of HCC was

signifcantly lower in the TDF group than in the ETV group
(0.64 vs. 1.06 per 100 person-year) [18]. Notably, researchers
have indicated that patients treated with nucleotide ana-
logues, especially ADV, have higher serum IFNλ3 levels than
those treated with nucleoside analogues [26, 27]. Te ability
of IFNλ3 to induce interferon-stimulated genes (ISGs) in
Huh7 cell lines is stronger than that of interferon lambda 1/2
(IFN-λ1/λ2), and this ability is weaker but longer-lasting
than that of IFNα [26]. ISGs can encode antiviral proteins via
complex intracellular signaling pathways, implying that
IFNλ3 may be more efective against viruses than IFNα.
Recombinant IFNλ3 had been shown to reduce HBsAg levels
in vitro and had an additive antiviral efect with IFNα [17],
further regulating the secretion of cytokines and enhancing
antiviral immune function [28]. Hence, we supposed that
a combination of PegIFNα with nucleotide analogues could
have a better efect on reducing HBsAg levels than with
nucleoside analogues. According to Ahn et al., the HBsAg
clearance rate could reach 9.1% after 48 weeks of therapy
combining PegIFNα and TDF, followed by TDF mono-
therapy until 72 weeks. No patient achieved HBsAg clear-
ance in the TDF monotherapy group [9]. Liem et al. found
that when PegIFNα was combined with ETV for 48 weeks
and followed up for 96 weeks, only 0.8% of patients achieved
HBsAg loss. No patients in the ETV monotherapy group
achieved HBsAg clearance [11]. On the contrary, there are
meta-analyses showing that the diferences in HBsAg loss
rates at the end of the combination therapy are not statis-
tically signifcant among diferent NAs (ETV 11% vs. ADV
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Figure 2: Mean reductions from baseline in diferent indicators. (a) HBsAg decline before matching; (b) HBeAg decline before matching;
(c) HBV DNA decline before matching; (d) HBsAg decline after matching; (e) HBeAg decline after matching; (f ) HBV DNA decline after
matching. ∗P< 0.05.
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12% vs. LAM 9% vs. TDF 6%, P> 0.05) and have found
similar results for the HBsAg seroconversion rate (5% vs. 5%
vs. 9% vs. 4%, P> 0.05) [29]. A prospective follow-up study
found HBsAg loss occurred similarly in PegIFN+ADV
(18.6%) and PegIFN+TDF (11.7%) patients up to fve years
after the end of a 48-week combination therapy. Tis study,
however, did not provide the result when PegIFN combined
with NSs [30]. Lin et al. recently found that the addition of

TDF to Peg-IFNα-2b in HBeAg-positive CHB patients with
a poor response after 12 weeks of Peg-IFNα-2b mono-
therapy reduced HBsAg signifcantly more than the addition
of ETV to Peg-IFNα-2b (−1.799 log10 IU/mL vs. −1.078 log10
IU/mL, P � 0.0491) [31]. It was an important result as it
compared the addition of TDF or ETV to Peg-IFNα-2b
directly. However, considering the small sample size and the
restrictive conditions for the selected population, it lacks
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Figure 3: Te rate of diferent indicators at the end of therapy. (a) Efcacy index before propensity score matching; (b) efcacy index after
propensity score matching. P< 0.05.
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universality, and a larger sample size study is required to
verify the results. Terefore, whether PegIFNα combined
with diferent NAs infuences HBsAg reduction and clear-
ance is still unclear. Te loss rate of HBeAg after 48 weeks
was similar between PegIFNα+TDF and PegIFNα+ETV
(29.0% vs. 31.0%) [32]. Recent data from another study
pointed out that PegIFNα combined with TDF could im-
prove HBeAg responses in a short time. No advantages were
found when PegIFNαwas combined with LAM or ETV [33].
However, Lin et al. showed that the HBeAg loss rate was
signifcantly higher in the TDF add-on group than in the
ETV add-on group after 48 weeks (40% vs. 10%, P � 0.028)
[31]. Interestingly, these studies suggested that PegIFNα
combined with diferent NAs could have diferent efcacies,
but direct evidence was required, and the mechanism un-
derlying the diferences must be discussed. We conducted
this retrospective study to provide this evidence based on
these fndings. TAF has only been launched in recent years,
and with insufcient studies discussing the efcacy of
PegIFNα plus TAF, we did not include patients who received
TAF in the current study. Meanwhile, patients in our cohort

who used LAM were excluded according to the exclusion
criteria, so ETV was the only nucleoside analogues analyzed.
To our knowledge, this study was the frst to retrospectively
compare HBsAg level reduction efcacy for CHB patients
treated with diferent NAs in PegIFNα combination therapy,
no matter which combination strategy was adopted. Tis
could help prove that the diference in reduction was due to
the types of NAs.

In order to minimize the impact of bias, PSM was
performed to eliminate the inequality caused by excessive
deviation of the general data and sample size. After PSM, the
results showed that the HBsAg levels of the PegIFNα+NSs
group decreased by an average of −2.33 log10 IU/mL from
baseline at 48 weeks, while it decreased signifcantly more in
the PegIFNα+NTs group, by an average of −3.52 log10 IU/
mL (P � 0.032). Te reductions of HBsAg in both groups
were more than those in Lin et al.’ study [31]. Tis could be
because our study had a longer combination course and
some patients had previously received NA treatment. Te
proportion of patients achieving HBsAg reduction >1 log10
IU/mL was signifcantly higher at 48 weeks in the

Table 4: Multivariate logistic regression of HBsAg reduction >1 log10 IU/mL at 48 weeks.

Predictors
Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Age (years) 0.858 (0.780–0.944) 0.002
Age> 40 years 22.812 (2.492–208.817) 0.006
BMI (kg/cm2) 0.753 (0.479–1.183) 0.218
HBeAg-positive 0.405 (0.068–2.418) 0.322
NAs-experienced 0.340 (0.059–1.953) 0.226
PegIFNα plus NTs 29.231 (3.155–270.801) 0.003 36.667 (3.837–350.384) 0.002
PegIFNα plus NSs 1.181 (0.129–10.774) 0.883
Week of PegIFNα adding NAs (week) 0.992 (0.931–1.058) 0.813
Weeks of NAs before adding PegIFNα (week) 1.003 (0.992–1.015) 0.565
Total weeks of combination (week) 1.004 (0.942–1.070) 0.909
HBeAg at baseline (s/co) 1.001 (0.999–1.004) 0.263
ALT at baseline (U/L) 1.007 (0.995–1.018) 0.259
ALT>ULN 4.720 (0.812–27.452) 0.084
ALT at week 12 (U/L) 1.025 (0.993–1.058) 0.124
HBsAg at baseline (IU/mL) 3.338 (1.479–7.533) 0.004
HBsAg> 250 IU/mLat baseline 5.857 (0.908–37.798) 0.063
HBsAg at week 12 (IU/mL) 1.000 (1.000–1.001) 0.362
HBsAg at week 24 (IU/mL) 1.000 (1.000–1.001) 0.310
HBsAg decline at week 12 (log10 IU/mL) 0.813 (0.507–1.303) 0.390
HBsAg decline at week 24 (log10 IU/mL) 0.538 (0.310–0.932) 0.027
HBV DNA at baseline (log10 IU/mL) 1.317 (0.837–2.074) 0.234
HBV DNA at week 12 (log10 IU/mL) 1.000 (1.000–1.000) 0.543
HBV DNA decline at week 12 (log10 IU/mL) 0.905 (0.749–1.093) 0.300
WBC (×109/L) 0.910 (0.451–1.836) 0.792
NEUT (%) 0.962 (0.874–1.058) 0.420
RBC (×109/L) 1.959 (0.394–9.734) 0.411
HGb (g/L) 0.966 (0.898–1.039) 0.350
PLT (×109/L) 1.024 (1.001–1.048) 0.037 0.040
ALB (U/L) 1.055 (0.793–1.404) 0.711
AST (U/L) 1.018 (0.985–1.051) 0.293
GGT (U/L) 1.023 (0.963–1.086) 0.461
TBIL (μmol/L) 1.020 (0.888–1.172) 0.779
ADV, adefovir dipivoxil; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; ETV, entecavir; GGT, gamma
glutamyl transferase; HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; HGb, hemoglobin; NEUT, neutrophils; NAs, nucleos(t)ide analogues;
NEUT, neutrophils; NSs, nucleoside analogues; NTs, nucleotide analogues; PegIFNα, PEGylated interferon α; PLT, platelet; RBC, red blood cells; TBIL, total
bilirubin; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal; WBC, white blood cells.
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PegIFNα+NTs group compared to the PegIFNα+NSs
group (100% vs. 72.2%, P � 0.003). However, even after PSM
adjustment, no signifcant diferences in the following in-
dicators were found between the two groups: HBsAg loss
rate, HBV DNA reduction levels, HBeAg reduction levels,
HBeAg loss rate, HBeAg seroconversion rate, HBV DNA
undetectable rate, and ALT normalization rate. Te obser-
vation endpoint of this study was the 48th week of treatment,
and subsequent follow-up had not yet been carried out,
resulting in difculty achieving HBsAg clearance, especially
for antiviral treatment-naive patients. Te ability to main-
tain steady HBsAg clearance after combination therapy
cannot be confrmed. Another reason for the signifcant
diferences in decline levels, but not in HBsAg loss rates,
maybe the small sample size. Based on the results of our
study, we believe that NTs may signifcantly reduce more
HBsAg than NSs when combined with PegIFNα. Tis re-
duction will contribute to achieving HBsAg clearance and
even a functional cure. In our study, the proportion of
patients who simultaneously reached HBV DNA below the
lower detection limit and HBsAg reduction >1 log10 IU/mL
from baseline at 48 weeks difered between the
PegIFNα+ETV group and the PegIFNα+TDF group after
PSM (100.0% vs. 72.2%, P � 0.045). Tis result exemplifes
the dual efectiveness of PegIFNα combination therapy with
TDF over combination therapy with ETV in inhibiting viral
replication and reducing HBsAg levels simultaneously.
Furthermore, the multivariate logistic regression also
showed that treatment with PegIFNα plus NTs was an in-
dependent predictor for HBsAg decline >1 log10 IU/mL at 48
weeks, suggesting that the combination of PegIFNα and NTs
can fasten HBsAg decline.

Combination strategies have been studied, including “De
novo,” “NAs-experienced,” “add-on,” and “switch-to.”
Several studies have shown that the “NAs-experienced”
strategy seemed the best. Te “switch-to” strategy was
particularly efective and improved the HBsAg clearance rate
[13, 29, 34]. Tis maybe because the direct antiviral activity
of NAs can lead to virological suppression, which can further
improve the immunomodulatory efect of PegIFNα, thereby
maximizing the advantages of combination therapy. Since
patients with diferent combination strategies and HBeAg
status were enrolled, subgroup analyses were performed
using data before PSM to determine whether the antiviral
efects were diferent between “add-on” and “NAs-
experienced” subgroups as well as between HBeAg-
positive and HBeAg-negative subgroups. We found that
in HBeAg-positive patients, the reduction of HBsAg was
signifcantly more in the PegIFNα+NTs group. Possible
mechanism may be the additional immunomodulatory ef-
fects of NTs combined with PegIFNα, which deregulate the
immunosuppression caused by HBeAg [35, 36], resulting in
a better clinical efcacy. However, further research is needed
to investigate the diferent efects of NTs and NSs on the
immune system. Regrettably, the number of HBeAg-
negative patients was relatively small and was prone to
bias. Terefore, no statistical analysis of this subpopulation
was conducted, and further studies are warranted to confrm
our fndings. More signifcant reduction of HBsAg in the

PegIFNα+NTs group was also observed in the “add-on”
subgroup. Besides, patients who achieved a reduction in
HBsAg >1 log10 IU/m were signifcantly more in the
PegIFNα+NTs group in HBeAg-positive, “add-on,” and
“NAs-experienced” patients. We, therefore, infer that our
fndings were generally consistent across subgroups.

Limitations of our study include that it is a retrospective
study with small sample size and short therapy duration
without a long-term follow-up. Furthermore, the combi-
nation strategy was not precisely uniform, although the
combination therapy duration was guaranteed at least 24
weeks. However, the prior treatment duration and drugs
before combination for NAs-experienced patients, the weeks
of adding-on NAs for “add-on” patients, and the total weeks
of combination at baseline before and after PSM were not
statistically diferent. In addition, the results were partially
observable in subgroup analyses. So, the following analysis
was considered reliable. However, further randomized
controlled trials are required for verifcation.

5. Conclusion

In conclusion, reduction of HBsAg might be more pro-
nounced in PegIFNα therapy combined with NTs than NSs,
especially in HBeAg-positive patients and patients using
“add-on” strategies. Tis fnding will be benefcial for pro-
moting further HBsAg clearance and functional cure. In
addition, this fnding can be used to make clinical decisions.
Terefore, similar fndings and mechanisms should be in-
vestigated further [37].

6. Consent

Informed consent was obtained from all patients.
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