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Antigen—-Positive Patients
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Background. The efficacy of nucleot(s)ide analogs (NAs) and pegylated interferon (PegIFN) combination therapy for hepatitis B
e antigen—positive (HBeAg") patients is still controversial. Whether PegIFN and entecavir (ETV) combination therapy could provide
a greater benefit for HBeAg" patients was assessed.

Methods. Treatment-naive HBeAg" patients initiated on PegIFN alfa-2a (PegIFNa-2a) for 24 weeks without early response
(early response: HBsAg <1500 TU/mL and hepatitis B virus [HBV] DNA <10° copies/mL) were recruited in the current study. Among
total of 94 patients, 51 were continued on PegIFNa-2a monotherapy, and 43 were offered PegIFNa-2a and ETV combined therapy.

Results.  Better outcomes in response to the combined therapy, compared with that of the monotherapy, were demonstrated,
including more HBsAg decline and loss and HBV DNA decline and HBeAg clearance. Importantly, the patients with HBsAg levels
between 1500 and 20 000 IU/mL initially or between 5000 and 20 000 IU/mL after 24 weeks of PegIFNa-2a benefitted more from the

combined therapy, compared with those on monotherapy.
Conclusions.

Combined therapy of PeglFNa-2a and ETV is more efficacious for HBeAg" patients without early response to

PegIFN monotherapy, and HBsAg levels are a good predictor of treatment outcomes.
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Chronic hepatitis B (CHB) patients often progress to liver fi-
brosis, cirrhosis, and hepatocarcinoma [1]. Covalently closed
circular hepatitis B virus DNA (cccDNA), which persistently
replicates within the nucleus of hepatocytes, is the most impor-
tant contributing factor in chronic HBV infection. HBsAg level
could act as a surrogate for cccDNA level in the nucleus; thus
the ultimate goal of antiviral therapy for CHB is HBsAg loss
and sustained remission afterwards [2]. Pegylated interferon
(PegIFN) and nucleot(s)ide analogs (NAs) are 2 first-line treat-
ments recommended by AASLD, APASL, EASL, and Chinese
guidelines for the treatment of CHB patients [3]. NAs effec-
tively suppress viral replication, and PegIFN enhances the ef-
ficacy of outcomes via burst host immunity [2, 4, 5], but the
effect of NAs and PegIFN on the reduction and/or elimination
of HBsAg remains to be explored.

Received 24 June 2020; editorial decision 22 September 2020; accepted 25 September 2020.

“Equal contribution

°Equal contribution

Correspondence: Qing Xie, Department of Infectious Diseases, Ruijin Hospital, Shanghai
Jiaotong University School of Medicine, Shanghai, 200020, China (xieqingrjh@163.com).

Open Forum Infectious Diseases®

© The Author(s) 2020. Published by Oxford University Press on behalf of Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any
medium, provided the original work is not altered or transformed in any way, and that the
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DOI: 10.1093/ofid/ofaa462

HBeAg" patients can reach up to 40% response to PegIFN
treatment, including HBeAg seroconversion and HBV DNA
decline, but only with ~5% HBsAg loss [6]. However, no re-
sponse or incomplete response is still observed in ~60% of
HBeAg" patients. More recently, results from a multicenter,
prospective study of HBeAg" patients on extended PegIlFNa-2a
and/or who received adefovir in addition to PegIFNa-2a in
China were reported [7]. The authors reported on a response-
guided therapy (RGT) strategy [7]; that is, these patients con-
tinued to be treated with different therapy strategies based on
their 24-week response to PegIFNa-2a. Interestingly, there was
no additional benefit of extending PegIFNa-2a or combining it
with adefovir for non-early responders [7]. Controversial data
have been also reported from others on the optimization of effi-
cacy in nonresponding or partially responding patients [8-10].

However, international guidelines do not recommend the use
of combination therapy with NAs and PegIEN, due to contro-
versy in the real world and lack of sufficient evidence to support
combination therapy [2, 3, 5]. Thus, verification of the efficacy
of combined therapy and optimization of the benefit of the com-
bination approach, including which patients would benefit and
when to start the combination, which NAs should be added,
and how long the combination therapy should last, are needed.

In the current study, we prospectively analyzed HBeAg" pa-
tients who were initiated on PegIFNa-2a for 24 weeks without
early response, whose therapy was either extended or combined
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with entecavir (ETV) for 72 weeks. We aimed to clarify if a
longer time combination with ETV could result in greater effi-
cacy in these difficult-to-treat patients.

METHODS

Study Patients

In this prospective cohort study, all of the patients were ad-
mitted to the Infectious Disease Department of Ruijin Hospital
between December 2016 and July 2019. The inclusion criteria
were (1) age >18 years; (2) confirmed diagnosis of CHB with
HBeAg", hepatitis B e antibody (HbeAb)", serum HBV DNA
>10° copies/mL; (3) initiated on PegIFNa-2a (180 pg/wk) for
24 weeks without early response (early response: HBsAg <1500
IU/mL and HBV DNA <10° copies/mL). Exclusion criteria
were as follows: (1) received any antiviral treatment within the
prior 6 months; (2) coincident with other hepatitis, including
viral (hepatitis A, hepatitis C, hepatitis E), autoimmune, drug-
induced, or alcohol-related; (3) decompensated liver disease
(Child-Pugh score >5); (4) hepatocellular carcinoma; (5) ab-
normal blood cell count (a neutrophil count <1500 cells/mm?
or platelet count <90 000 cells/mm’, hemoglobin <11.0 g/dL for
females and <12 g/dL for males).

Patient Consent Statement

All patients’ clinical data and serum were obtained with written
consent for use for diagnostic and research purposes in an un-
identified manner. All of the patients were adults who were
older than age 18 years. The current study was approved by the
Clinical Trial Ethics Committee of Ruijin Hospital, Shanghai
Jiao Tong University School of Medicine (reference number
2016-111).

Treatment Protocol

The current study was not a registered clinical trial. CHB pa-
tients were recruited based on their basal levels after receiving
24 weeks of PegIFNa-2a; those who were recruited were clas-
sified as non-early responsders (early response: HBsAg <1500
IU/mL and HBV DNA <10° copies/mL). These patients were
divided into groups A (continued on PegIFNa-2a for another
72 weeks) and B (continued on PegIFNa-2a with addition of
ETV for another 72 weeks of combination) depending on pa-
tient consent, which did not include attributes or confounding
variables (Figure 1). The definition of early response for the
current study is based on a previous study [7].

Patients from both groups were followed up with examin-
ations at 0 (the first PegIFNa-2a shot), 12, 24, 48, 72, and 96
weeks, as well as 24 weeks after the end of treatment (EOT;
group B patients were continued on ETV), including clinical
characteristics, quantitative HBsAg, HBeAg, HBeAb, HBV
DNA (COBAS TagMan, Roche Molecular Diagnosis; below the
limit was considered negative; limit of detection, 20 IU/mL; 1
IU/mL = 5.82 copies/mL), alanine aminotransferase (ALT),
and aspartate aminotransferase (AST). In this study, we used
the fully automated chemiluminescent microparticle immuno-
assay (Architect HBsAg QT) to detect HBsAg.

Assessment of Efficacy

Per-protocol analysis included patients who finished the pre-
defined length of treatment, which was 96 weeks and 24 weeks
post-EOT follow-up, without major protocol deviation. Patients
who dropped out during the study (4 in group A and 7 in group
B) were not included in the analysis. The efficacy of treatment
was assessed with HBsAg decline and/or loss, HBeAg serum

Non-—early
responders
v
A
PegIFNot- 2a 180 pg/wk
PeglFNo- 2a
180 pg/wk
B PegIFNot- 2a 180 pg/wk
ETV 0.5 mg once daily
f I 1 1 '
0 24 48 72 96 Weeks
Enrollment

Figure 1. Treatment protocol of the study. Abbreviation: ETV, entecavir.
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conversion, and HBV DNA decline and/or undetectability
during treatment, at EOT, and 24 weeks post-EOT. The primary
end point was change of quantitative HBsAg from week 0 (time
of the first PegIlFNa-2a shot) to EOT. No adjustment for mul-
tiple comparisons was made.

Statistical Analysis

GraphPad 8.0 software was used for part of the statistical anal-
ysis. Quantitative variables were expressed as mean + standard
error of the mean. Differences between the 2 groups were
tested using t tests, chi-square tests, or Fisher’s exact tests.
Logistic regression was performed using SPSS software (ver-
sion 19.0). P values <.05 (2-tailed) were considered statisti-
cally significant.

RESULTS

Patient Characteristics

The flowchart of the study is presented in Figure 2. A total of
145 HBeAg" patients eligible for PegIFNa-2a treatment were
initiated on PegIFNa-2a monotherapy (the inclusion and exclu-
sion criteria are provided in the Supplementary Data). Only 105
patients without early response at 24 weeks were recruited, in-
cluding 55 and 50 in groups A and B, respectively. Four and 7 pa-
tients dropped out from groups A and B, respectively. In group
A, 2 patients dropped out due to adverse effects (1 had a thy-
roid problem, and the other had a low white blood cell count),

1 withdrew consent, and 1 was lost to follow-up. In group B, 3
patients dropped out due to adverse effects (2 had thyroid prob-
lems, and 1 had unacceptable itching), 2 patients withdrew con-
sent, and 2 patients were lost to follow-up (Figure 2). In the end,
94/105 (89.5%) patients finished the treatment and were ana-
lyzed in this study. During the study, 5 and 3 patients were put
on a reduced dose of PegIFNa-2a, from 180 ug/wk to 135 ug/
wk, at different times in group A and group B, respectively. In
group A, 3 patients’ doses were reduced for 3 weeks, and 2 pa-
tients’ doses were reduced for 4 weeks. In group B, 4 patients’
doses were reduced for 4 weeks, and 1 patient’s dose was re-
duced for 3 weeks.

The clinical characteristics at week 0 (the time of the first
PegIFNa-2a shot) were similar between the 2 groups, without
significance (Table 1), even though the groups were not ran-
domized. Most patients were male, with a mean age around
37 years, and HBsAg levels at week 0 were 4 log  TU/mL in both
groups. HBV DNA and ALT levels were marginally higher in
group A than group B, while HBeAg level was lower in group
A than group B, without significance. The patients’ clinical char-
acteristics at week 24 were also similar between the 2 groups, in-
cluding Fibrosis-4 index scores (Table 2).

The Efficacy of Monotherapy or Combination Therapy for HBsAg Decline

A 2.8-fold decrease in HBsAg was observed in group B vs group
A (group A vs group B, -0.605 log, TU/mL vs -1.684 log, TU/
mL; P =.0025) at EOT. This effect continued; group B had a

Figure 2.

Flowchart of the study. Abbreviation: AE, adverse event.

Screened
N =145
Excluded Enrolled
N =105 N =105
| ]
Group A Group B
N =55 N =55
AEsn =2
Withdrew consent n = 1 ~
Lost to follow-upn =1 AEsn=3
Withdrew consent n = 2
Lost to follow-up n = 2
Group A
N =51
Group B
N =43
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Table 1.

The Characteristics of Patients Initiated on the First PeglFNc-2a Shot at Week 0

Total (n = 94) Group A (n =51) Group B (n = 43) P (Group A vs Group B)

Male, No. (%) 68 (72.3) 34 (66.7) 34 (79.0) NS

Age, y 379+ 8.1 378 +8.6 38.0+78 .8887
BMI, kg/m? 233+2.7 229+29 237 +2.2 1284
HBsAg, log,, IU/mL 4.0+0.6 4.0+0.6 4.0+0.7 9573
HBeAg, log,, PEIU/mL 25+£09 23+10 26+0.8 .0815
HBV DNA, log ., IU/mL 73+ 14 73+16 71+£10 .3628
ALT, IU/mL 222.0 +182.4 248.3 + 193.1 191.0 + 165.6 1326

Data are presented as mean + SD, unless otherwise indicated.

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; HBV, hepatitis B virus.

greater decline in HBsAg than group A at 24 weeks post-EOT
as the off-treatment response (group A vs group B, -0.855 log |
IU/mL vs -2.001 log TU/mL; P = .0004) (Figure 3A). A more
profound difference in HBsAg level was detected with pro-
longed treatment (48 weeks: group A vs group B, 3.567 log,
IU/mL vs 3.039 log,  IU/mL; P = .0174; 96 weeks: group A vs
group B, 3.344 log  IU/mL vs 2.266 log , IU/mL; P = .0012)
(Figure 3B).

There was no significant difference of HBsAg decline between
48 and 96 weeks in group A (48 weeks vs 96 weeks: -0.409 log, |
IU/mL vs -0.605 log , IU/mL; P = .1841), but a striking dif-
ference was detected in group B (48 weeks vs 96 weeks: 0.912
log,, IU/mL vs 1.685 log,, IU/mL; P =.0492) (Figure 3C).
Interestingly, a lower HBsAg decline was observed in group B
at 48 weeks than in group A at 96 weeks, without significance
(96 weeks: group A, 0.605 log, TU/mL; 48 weeks: group B, 0.912
log,, IU/mL; P = .174).

Efficacy of HBeAg Clearance and HBV DNA Decline/Undetectable
Clearance of HBeAg was also greater in group B than in group
A at EOT, even with a higher baseline (groups A vs B, 33.3% vs
55.8%; P = .0373) (Figure 4A).

Similarly, group B also achieved a greater HBV DNA decline
at EOT (group A vs group B, -6.674 log  copies/mL vs —9.498
log,, copies/mL; P =.0064) (Figure 4B), with 57% and 86% of
patients achieving HBV DNA undetectability in grous A and B,
respectively (P = .01) (Figure 4C).

HBeAg Clearance and HBsAg Loss at Different Time Points

The first patient had HBsAg loss at week 48 in group B, and 1
more patient had HBsAg loss every 24 weeks. At EOT, 3 patients
(7%) had HBsAg loss in group B, but none in group A. Off-
treatment response was evaluated at 24 weeks post-EOT; 1 (2%)
patient and 4 (9.3%) patients had HBsAg loss in groups A and B,
respectively, at that time (Figure 5A). The percentage of HBeAg
loss was increasing with greater treatment time. Group A still
had 33.3% at 24 weeks post-EOT, while group B had slightly
dropped to 48.4% (Figure 5B).

Prediction of Response

Binary logistic regression analysis was applied to explore the
values of the week 0 characteristics for response at EOT. HBeAg
loss and HBV DNA <2000 IU/mL at EOT defined “response” in
a previous study [7]. We found that HBsAg level at week 0 (con-
tinuous variable, log  IU/mL; P =.04) and ETV combination
(with ETV = 1, without ETV = 0; P =.01) had an influence on
response, but age, gender, HBeAg, HBV DNA, and ALT did not.
The odds ratios (ORs) for HBsAg and ETV combination were
0.461 (95% CI, 0.22-0.966) and 3.172 (95% CI, 1.316-7.647),
respectively (Table 3).

Using HBsAglevel at week 0 to predict the effect, CHB patients
were further divided into 3 groups according to the previous
study [7]. We found that 60% of the patients achieved response
at EOT with HBsAg <1500 IU/mL at week 0 (Figure 6A), irre-
spective of the treatment used (group A vs group B, 66.7% vs
57.1%; P > .05) (Figure 6B). However, the lowest response was

Table 2. Characteristics of Patients at Week 24
Total (n = 94) Group A (n =51) Group B (n =43) P (Group A vs Group B)
HBsAg, log,, IU/mL 3.7+06 3.7+06 3.6+0.7 .2285
HBeAg, Iogm PEIU/mL 20+10 19+10 21+0.9 2121
HBV DNA, log ,, cps/mL 52+18 50+ 17 54+18 .2507
ALT, IU/mL 121 +96.7 125.8 £ 81.6 1153+ 112.7 .6149
FIB-4 1.7+0.7 1.7+0.7 16 +£0.7 .2976

Data are presented as mean + SD.

Abbreviations: ALT, alanine aminotransferase; FIB-4, Fibrosis-4; HBV, hepatitis B virus.
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Figure 3. The effect of HBsAg in the study. A, The HBsAg decline of the 2 groups
from 0 to 96 weeks and 24 weeks post-EQT. B, The HBsAg value of the 2 groups at
48 and 96 weeks. C, HBsAg decline of the 2 groups with 48 and 96 weeks of treat-
ment. Abbreviation: EOT, end of treatment.

observed in the patients with HBsAg >20000 IU/mL at week
0 (27.6%) (Figure 6A), despite that combination therapy in-
creased the response rate >2-fold without significance (group
A vs group B, 15.4% vs 37.5%; P > .05) (Figure 6B). Interestingly,
for the patients with HBsAg between 1500 and 20 000 IU/mL at
week 0, combination therapy improved the response rate sig-
nificantly more in group B than group A (group A vs group B,
34.3% vs 70.0%; P = .0408) (Figure 6B).

HBsAg level at enrollment (24 weeks after PegIFNa-2a) pre-
dicted the outcomes of treatment. A previous study showed
that the HBsAg cutoff of 1500 IU/mL at week 24 can be used
to predict outcomes [7]. In our study, the CHB patients in-
cluded all had HBsAg >1500 IU/mL. A cutoft of 5000 IU/mL
was selected, instead of 1500 IU/mL. We found that the pa-
tients with HBsAg levels between 5000 and 20000 IU/mL at
week 24 had a better response with combination therapy than
the monotherapy group (group A vs group B, 12.5% vs 50%;
P =.0484) (Figure 6C). The patients with HBsAg <5000 IU/
mL displayed a higher response rate with combination therapy

than monotherapy, without statistical difference (Figure 6C).
However, no patient had response at EOT with HBsAg >20 000
IU/mL at week 24 in either group.

DISCUSSION

“APASL Clinical Practice Guidelines on the Management of
Hepatitis B: A 2015 Update” recommends the ideal end point of
hepatitis B treatment as sustained off-therapy HBsAg loss (A1
recommendation) [3]. PegIFN and NAs with potent virus sup-
pression are recommended as the first choice antiviral therapy.
NAs should be taken for the patient’s lifetime, with rare HBsAg
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loss. Currently, PegIFN could have a greater chance of achieving
HBeAg seroconversion and HBsAg clearance. However, fewer
CHB patients respond with PeglFN monotherapy. Thus it is
critically important to optimize the combination of NAs and
PegIEN therapy at this stage. Response-guided treatment is a
promising approach that has been successfully applied for the
treatment of CHC [7, 11], while its usage in CHB patients re-
mains to be clarified. The RGT strategy was also applied in the
current study, but with a focus on non-early responders.

The combination of PegIFNa and NAs is not recommended
currently by the guidelines because of unproven superior effi-
cacy [3, 12] and lack of well-designed randomized clinical trials.
The data from a classic global registration study do not show
efficacy with the combination of PeglFNa and lamivudine [9],
which is consistent with studies in China [10, 13]. A more re-
cent multicenter clinical study in China also demonstrates that
extending and/or combining PegIFNa with adefovir does not
provide superiority for non-early responders [7]. However,
NAs with stronger HBV DNA suppression and less resistance
were not included, and NAs were only offered for a short du-
ration (<24 weeks), which might have led to the unsatisfying
results. It has been reported that PegIlFNa combined with
tenofovir improved the reduction of HBsAg, even in HBeAg-
negative patients, in 2016 [14]. Interestingly, our study demon-
strated that regardless of HBsAg decline/loss, HBeAg clearance
or HBV DNA decline in combination therapy was better
than that in monotherapy for non-early responders based on
the RGT strategy [7]. Our data further demonstrate that the

reduction of HBsAg in the combined therapy group B was 2.8
times greater than that of monotherapy at EOT, which is con-
sistent with the decrease in HBsAg value of group B from 4 to
2.266 log, TU/mL, while this decrease was only 4 to 3.344 log, |
IU/mL in group A. In addition, 13 out of 43 (30.2%) patients in
group B had 2 logs of HBsAg reduction, compared with 2 out
of 51 (3.9%) patients in group A at EOT. Moreover, 3 out of 43
(7%) patients in group B achieved HBsAg loss, while none in
group A were cleared. Similarly, the combination therapy also
affected more HBeAg clearance and HBV DNA decline/loss.
The explanation for the discrepancy between our findings and
those of others [7] might be as follows: (1) ETV was chosen as
the add-on NA because ETV is able to suppress virus more ef-
fectively in a shorter time than adefovir or lamivudine; (2) we
initiated and further extended ETV add-on time, which started
at 24 weeks and combined for a total 72 weeks, which is the
longest combination therapy in the literature.

It has been reported that extending PegIFNa treatment cre-
ates an advantage in virological response and HBsAg decline in
HBeAg' patients [15, 16]. We also demonstrate that HBsAg de-
cline was not improved significantly with extension of PegIFNa
monotherapy from 48 to 96 weeks (48 weeks vs 96 weeks: group
A, -0.433log, TU/mLvs 0.656 log, TU/mL; P > .05), which was
the same as HBeAg clearance (48 weeks vs 96 weeks: group A,
31.37% vs 33.3%; P >.05). Interestingly, HBV DNA loss im-
proved significantly (48 weeks vs 96 weeks: group A, 19.6% vs
56.8%; P =.0002). Our data suggest that monotherapy exten-
sion may not be necessary for non-early responders, 48 weeks

Table 3. Logistic Regression Analysis of Patient Characteristics

95% Cl of OR

Variable Regression Coefficient Standard Error Wiald %2 Value PValue OR Lower Upper
HBsAg, log,, IU/mL -0.774 0.378 4.206 .040 0.461 0.220 0.966
ETV combination, 1.154 0.449 6.611 .010 3.172 1.316 7647
(with ETV =1, without ETV = 0)

Constant 2.165 1.497 2.090 148 8.714 - -

Abbreviations: ETV, entecavir; OR, odds ratio.
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might provide the maximum effect, and 96 weeks may not be
necessary as there was no additional benefit and possibly more
adverse effects of PegIFNa. Although HBV DNA loss benefits
patients, NA monotherapy can achieve HBV DNA loss with
fewer adverse effects. We also acknowledge that the study did
not have sufficient power to detect a difference in these 2 groups
between weeks 48 and 96.

Our current findings show that week 0 HBsAg level may
influence EOT response, which is consistent with previous
studies [7, 17]. Of the patients with week 0 HBsAg <1500 IU/
mL, 60% were responders at EOT, whereas of the patients with
baseline HBsAg >20 000 IU/mL, only 27.6% were responders,

with either monotherapy or combination therapy. Thus our
data further suggest that patients with low week 0 HBsAg have
a better chance of responding to PegIFNa-2a, and no com-
bination with NAs is necessary. On the other hand, it is not
recommended that patients with high HBsAg begin PegIFNa
therapy, because long-term NA therapy is probably more ap-
propriate to achieve a lower HBsAg level before PegIlFNa
therapy.

More importantly, HBsAg levels at week 24 could predict
treatment outcomes in advance. Patients with HBsAg levels
<5000 IU/mL at week 24 could have an optimal response rate
with either monotherapy or combination therapy (group A vs
group B, 42.4% vs 66.7%; P > .05). Furthermore, combination
therapy seems to provide a greater benefit for patients with
HBsAg levels between 5000 and 20000 IU/mL. In addition, it
is recommended that patients with HBsAg levels between 5000
and 20 000 IU/mL be added with first-line NAs as soon as pos-
sible and that they be given combination therapy for at least
72 weeks. The optimal cutoff value of HBsAg for combination
therapy with the same HBsAg range remains to be explored.
Unfortunately, patients with HBsAg levels higher than 200 000
TU/mL at week 24 should stop IFN therapy and switch to NAs
because of poor outcomes at EOT.

Although this was a prospective cohort study in single center
with <150 patients, our data offer some useful information in
utilizing RGT in HBeAg" patients and show optimistic results
for combination therapy with PegIFNa-2a and ETV. We realize
that this is not the best selection. Nevertheless, it was the best
option we had at the time. We will, of course, extend our study
with randomized and multicenter investigation in the future.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.
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