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Abstract

Background Switching from nucleos(t)ide analogues to interferon (IFN) improves hepatitis B surface antigen (HBsAg) loss.
We aimed to evaluate whether combining immunomodulators such as interleukin-2 (IL-2) and therapeutic vaccine with IFN
enhances HBsAg loss in entecavir (ETV)-suppressed patients.

Methods Ninety-four patients exhibiting virological suppression and hepatitis B e antigen (HBeAg) loss following ETV
treatment were randomized 1:1:1 to receive ETV (group I) or IFN (group II) for 48 weeks, or IFN and vaccine for 48 weeks
plus IL-2 for 12 weeks (group III). The primary endpoint was HBsAg loss at week 48. Peripheral natural killer (NK) cells
and regulatory T cells (Treg) were measured as immune checkpoint indicators.

Results Mean HBsAg decline at week 48 was significantly greater in group III (0.85 log 10 IU/mL) and group II (0.74 log
10 IU/mL), than in group I (0.13 log 10 IU/mL). At week 48, 9.38%, 3.03%, and 3.70% of subjects in group III, I, and I,
respectively, achieved HBsAg loss. Among patients with baseline HBsAg titers ranging from 100 to 1500 IU/mL, HBsAg loss
rate was 27.3, 7.1, and 0% in group 111, II, and I, respectively. Responders in group III showed a significantly higher increase
in CD56™8" CD16™NK cells from week 24 to 36, and a significant decline in Treg from week 12 to 24 than non-responders.
Conclusion For ETV-suppressed patients, particularly those with low baseline HBsAg levels, combination therapy with
IFN and other immunomodulators may enhance HBsAg loss, while successful response correlates with partial restoration
of NK cells and Tregs.
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Introduction

Despite significant improvements in the efficacy of
nucleos(t)ide analogues (NA) in treating chronic hepati-
tis B virus (HBV) infection, the majority of NA-treated
patients rarely achieve sustained immune control, and
may often require lifelong therapy [1]. A functional cure
for chronic HBV infection characterized by sustained off-
treatment clearance of serum hepatitis B surface antigen
(HBsAg), is associated with improved long-term clinical
outcomes including lower rates of HBV reactivation, as
well as decreased risks of cirrhosis and hepatocellular
carcinoma (HCC) [2—4]. Therefore, treatment guidelines
have adopted HBsAg loss with or without development of
hepatitis B surface antibody (anti-HBs) as an ideal end-
point for anti-HBV therapy [5-7]. However, this endpoint
is rarely achieved with current antiviral therapies [8—11].

The barriers to elimination or inactivation of HBV
covalently-closed-circular DNA (cccDNA) within infected
hepatocyte nuclei, and to breaking the immune tolerance
against HBV, constitute major obstacles to eradicating
chronic hepatitis B (CHB). NA and interferon (IFN) when
used alone are not endowed with both adequate antivi-
ral and immunomodulatory activities. Combining these
two agents with different mechanisms of action may help
overcome obstacles, thereby facilitating successful dis-
continuation of long-term NA therapy and improving the
chance of clinical cure [12]. Over the past decade, multi-
ple attempts have been made to optimize the combination
strategies, taking into consideration the choice of drugs
and timing of their administrations [13—-16]. Our previ-
ous OSST study [14] suggested that for HBe Ag-positive
patients with virological suppression by ETV, switching to
a finite course of Peg-IFN significantly increased HBeAg
seroconversion and HBsAg loss rates than continuing
ETV.

The virus-mediated immune dysfunction contributes to
the pathogenesis of chronic HBV infection [17]. Immune
restoration is a crucial step toward functional cure. NA
treatment recovers exhausted HBV-specific T cells tran-
siently but not substantially [18], while IFN therapy leads
to depletion of CD8™ T cells albeit boosting natural killer
(NK) cells [19]. However, combination of both partially
restores innate and adaptive immune responses [20].
Dynamic immune assays based on the OSST study indi-
cated that successful response to IFN correlated with early
significant restoration of immune responses, as manifested
by increased NKG2C™* NK cells and attenuated regula-
tory T cell (Treg) function [21]. A recent meta-analysis
suggested that the “switch-to” strategy was more likely to
achieve HBsAg loss than the “add-on” or “de-novo combi-
nation” strategy [22]. It is conceivable that NA treatment
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would first suppress viral replication, thereby assisting the
recovery of HBV-specific CD8" T cells, sequential IFN
will subsequently augment the innate immune response
and enhance HBV clearance [12, 23, 24]. These data pro-
vide direct evidence that combining full viral suppression
with immune modulation will likely lead to a cure for
HBYV infection [25]. However, the combination of poten-
tial drugs for HBV cure needs to be optimized and the
respective mechanism of immune restoration is yet to be
determined.

In light of the hypothetical benefit from immunomodula-
tor therapy, attempts were made to boost the host immune
response against HBV by therapeutic vaccine or recom-
binant human interleukin-2 (IL-2) [26, 27]. A pilot study
showed that HBsAg vaccine induced HBV-specific CD4*T
cell proliferative responses, which could be important in
controlling viremia in chronic HBV carriers [28]. A previ-
ous study demonstrated that HBsAg vaccine in combination
with lamivudine (LAM) and IL-2 induced antiviral immune
responses, which might lead to consequent viral elimination
[29]. However, this combined regimen was only tested in a
small number of patients and did not include IFN or potent
NA. We postulate that these immunomodulators could be
of considerable potential to complement “switch-to” strat-
egy and further enhance the immune response. In this proof
of concept study, we aimed to investigate the clinical and
immunological efficacy of sequential combination therapy
with IFN, HBsAg vaccine, and IL-2 in ETV-suppressed
patients with chronic hepatitis B.

Patients and methods
Study participants

This study was a phase IV, open-label, randomized
controlled trial conducted at 12 hepatology centers in
China between June 2013 and April 2017. Patients aged
18-65 years, who were HBeAg-positive prior to ETV treat-
ment initiation, had received ETV treatment for 1-5 years,
had been positive for HBsAg for > 6 months prior to enrol-
ment, and had serum HBV DNA <1000 copies/mL and
HBeAg loss with or without HBeAg seroconversion were
eligible. Patient exclusion criteria were as follows: history of
drug resistance to ETV; receiving IFN or systemic antiviral
therapy within the previous 6 months; coinfection with the
human immunodeficiency virus, hepatitis C virus, or hepati-
tis D virus; presence of decompensated liver disease (defined
as a Child-Pugh Score B or C), pregnancy or lactation; and
having any other contraindication for IFN therapy described
in a previous study [14]. To increase the number of eligible
patients, the protocol was amended to include patients with
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an ETV treatment duration of > 1 year, and history of other
NA treatment before ETV without any drug resistance.

Patients were randomly and equally (1:1:1) assigned
to one of three groups. Group I received continuous ETV
(0.5 mg once daily, Fujian Cosunter Pharmaceutical Co
Ltd.) for 48 weeks. Group II received IFN alfa-2b (IFNa2b)
(6 million international unit (MIU) subcutaneously (SC)
every other day, Beijing Kawin Technology Share-Holding
Co., Ltd.) for 48 weeks. Group III received IFNa2b and
hepatitis B vaccine (Hep B) (60 pg intramuscularly every
4 weeks, Shenzhen Kangtai Biological Products Co., Ltd.)
for 48 weeks plus rhIL-2 (0.25 MIU SC every other day,
Beijing Yuance Pharmaceutical Co., Ltd.) for the first
12 weeks (Fig. 1). Patients assigned to Group II and Group
IIT continued ETV for the first 8 weeks to reduce the risk of
alanine aminotransferase (ALT) flares during the switching
period. All the patients who completed 48 weeks of treat-
ment were followed up for 24 weeks. Patients assigned to
Group I continued ETV treatment during follow-up period.
The randomization schedule was generated by SAS PROC
PLAN with a block size of 6 and were communicated to the
sites in sealed envelopes prepared by the statistician based
on the randomization sequence. All the authors had access
to the study data and had reviewed and approved the final
manuscript.

Laboratory measurements

Laboratory tests were performed at baseline and week
12, 24, 36, 48, and 72. HBsAg was measured at a central
laboratory using the Roche Elecsys HBsAg II Quant assay
(Roche Diagnostics, Penzberg, Germany; dynamic range
0.05-52,000 IU/mL). HBeAg, anti-HBs, antibody to hepa-
titis B e antigen (anti-HBe), and antibody to hepatitis B core

— Group|

HBeAg-positive subjects
receiving ETV 0.5 mg QD for
more than 1 year with HBV DNA
<1000 copies/ml + HBeAg loss

ETV 0.5mg QD (n=27)

antigen (anti-HBc) were determined by chemiluminescent
assay (Kemei Biological Technology Co., Ltd., Beijing,
China). HBV DNA level was quantified by qPCR assay
(Kehua Bio-engineering Co. Ltd., Shanghai, China; the
lower limit of detection was 500 copies/mL). All patients
were assessed for blood sugar, routine blood tests, thyroid
function, and autoimmune antibodies before and during
treatment. Laboratory personnel were unaware of treatment
assignments.

Adverse events (AEs) and laboratory test results were
recorded according to the International Conference on Har-
monisation Guideline Clinical Safety Data Management:
Definitions and Standards for Expedited Reporting.

Proportions analysis of peripheral blood
immunological indicators

The dynamics of CD56€" CD16"NK cells and Treg pro-
portions were studied in patients from Tongji Hospital.
APC-CD16/APC-Cy7-CD56/FITC-CD3, and FITC-CD4/
PE-CD25/ALEXA647-CD127 multiple-color anti-human
monoclonal antibodies (mAbs) combination reagents and
matched isotype controls were used to determine the periph-
eral NK cell subsets and overall Tregs among lymphocytes
at baseline, week 4, 12, 24, 36, and 48. Peripheral blood
mononuclear cells (PBMCs) were isolated immediately from
fresh blood and subjected to antibody staining followed by
flow cytometry. All reagents were purchased from Becton,
Dickinson, and Company (BD, Franklin Lakes, USA). Cell
surface antigen staining for flow cytometry was conducted
according to the standard procedure of the BD Pharmingen
protocol. All samples were detected by BD FACS Canto II
Flow Cytometry System and analyzed with the BD FACS
Diva Software.

Follow-up
ETV continued

Group Il Interferon alfa-2b 6 MIU QOD (n = 34) Follow-up
Group llI Interferon alfa-2b 6 MIU QOD (n = 32) Follow-up
Hepatitis B vaccine 60ug QM
Interleukin-2
0.25 MIU QOD
I [ I |
48 72

|
Study weeks 0 8 12

Fig. 1 Study design. HBeAg hepatitis B e antigen, QD once daily, MIU million international units, QOD every other day, OM once a month
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Statistical analysis

The primary endpoint was HBsAg loss at week 48. Sec-
ondary endpoints included rates of HBsAg seroconversion,
HBsAg decline, HBeAg seroconversion, ALT normaliza-
tion [ALT level < 1 X the upper limit of normal (ULN)] and
HBV DNA levels < 1000 copies/mL at week 48.

All patients who received at least one dose of study drug
were included in the intention-to-treat (ITT) and safety
populations. In addition, a modified ITT (mITT) analysis
was conducted, excluding one patient in group II who was
HBeAg-positive at baseline prior to randomization.

Response rates for primary and secondary endpoints
were assessed by calculating percentages and 95% confi-
dence intervals (CIs) for the ITT and mITT populations.
Patients with missing categorical data at week 48 were
classified as non-responders. Categorical variables were
analyzed using the v2 test or Fisher’s exact test, and con-
tinuous variables were analyzed by ¢ test or Wilcoxon test
as appropriate. Logarithmic transformation was performed
in the case of skewed data. Statistical analyses were con-
ducted using SAS version 9.2.

Results
Baseline characteristics and patient disposition

Of the 94 patients randomized, 93 patients received > 1
dose of the study drug (group I, n=27; group II, n =34,
group III, n=32). One patient who was HBeAg-positive at
baseline in group II was excluded from the mITT popula-
tion (group I, n=27; group 11, n=33; group III, n=32)
(Fig. 2). Most baseline demographic and disease charac-
teristics were similar among the three groups, except that
ALT levels were higher in group II, and lower in group
III, while all levels were within the normal range. 48.1%
(13/27), 42.4% (14/33), and 43.8% (14/32) in group I, 1,
and III respectively, developed HBeAg seroconversion
prior to randomization (Table 1).

Efficacy

The results of mITT analysis for the primary endpoint
of HBsAg loss at week 48 showed a trend towards being
higher in patients treated with IFN, IL-2, and vaccine
(9.38%), compared to those treated with IFN (3.03%) or
ETV (3.70%) alone (Table 2), although the p values for
the comparison were not statistically significant due to
the small sample sizes. HBsSAg seroconversion at week 48
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occurred only in patients in group III (9.38%), and group
IT (3.70%), but none in group I (0%).

More patients receiving combination treatment had low
levels of HBsAg at the end of treatment than those receiving
IFN, or continuing ETV; 59.38% (19/32), 54.55% (18/33),
and 44.44% (12/27) in group III, II, and I, respectively
(p>0.05) had HBsAg levels < 1000 TU/mL, while 15.63%
(5/32), 12.12% (4/33), and 7.41% (2/27) in group III, II, and
I, respectively had HBsAg levels <10 IU/mL at week 48
(Table 2).

Mean HBsAg decline from baseline to week 48 was sig-
nificantly greater in group III (0.85 log,;, IU/mL) and group
IT (0.74 log,, IU/mL) than in group I (0.13 log;, IU/mL,
p <0.05 for all comparisons vs group I) (Fig. 3a).

All individuals who lost HBsAg had a quantitative
HBsAg titer below 1500 IU/mL at baseline. The only
patient in group I who lost HBsAg had a very low base-
line HBsAg level of 0.61 IU/mL. Among the patients with
HBsAg titer ranging from 100 to 1500 IU/mL at baseline,
HBsAg loss was 27.3% (3/11), 7.1% (1/14), and 0% (0/13)
in group III, II, and I, respectively. Mean HBsAg decline
from baseline to week 48 in group III (1.65 log;, IU/mL)
was significantly greater than in group I (0.04 log,, IU/mL,
p <0.05), and tended to be greater than in group II (0.61
log,, IU/mL, p=0.066) (Fig. 3b). ROC analyses identified
a baseline HBsAg level <560 IU/mL as the optimal cut-
off to predict HBsAg loss in patients receiving combination
treatment. Three out of five patients with baseline HBsAg
level <560 IU/mL lost HBsAg, while none of the patients
with baseline HBsAg level > 560 IU/mL had HBsAg loss.

Among 65 patients receiving IFN-based therapy, the
duration of prior ETV treatment in 4 patients achieving
HBsAg loss was 5.75 +2.31 years, which was significantly
longer than that in the remaining 61 patients who did not
achieve initial response (3.35 + 1.87 years, p <0.05).

HBV DNA level <1000 copies/mL was maintained at
week 48 in 100.0%, 72.7%, and 84.4% of patients in group
I, II, and III, respectively. During treatment, one patient in
group I experienced a transient HBV DNA rebound (HBV
DNA > 1000 copies/mL), while six patients in group II, and
three patients in group III experienced HBV DNA rebound.
Among them, two patients achieved HBeAg seroconversion,
whereas none achieved HBsAg loss. One patient in group
I with HBV DNA rebound was retreated with ETV after
switching to IFN. At week 48, 96.3%, 75.8%, and 78.1% of
patients in group I, II, and III, respectively, had normal ALT
levels (< 1 X ULN). During treatment, ALT elevation did not
appear to be associated with viral rebound or HBsAg loss.
Of the four patients receiving IFN-based therapy who lost
HBsAg (one in group II, three in group III), two had maxi-
mum ALT levels in the range of 1-2 X ULN. Of the patients
who were anti-HBe negative at baseline, 7.1% (1/14), 57.9%



Hepatology International (2019) 13:573-586

577

[ Enrollment ]

Flow Diagram

Assessed for eligibility (n=117)

A 4

*

Excluded (n=23)

+ Not meeting inclusion criteria
(n=17)

+ Consent withdrawal (n=5)

Patient did not return (n=1)

[ Allocation

Randomized (n=94)

v

v

ETV 0.5mg QD (n=27)
¢ Received allocated intervention (n=27)

¢ Did not receive allocated intervention
(n=0)

IFN 6MIU QOD (n=34)
+ Received allocated intervention (n=34)

+ Did not receive allocated intervention
(n=0)

IFN 6MIU QOD+ IL-2 0.25MIU QOD+
Vaccine 60ug QM (n=33)

+ Received allocated intervention (n=32)
¢ Did not receive allocated intervention

(consent withdrawn) (n=1)

[ ITT population ]

A 4

Discontinued intervention (n=0)

Discontinued intervention (n=4)
+ Consent withdrawn (n=1)
# For safety reasons (n=3)

Discontinued intervention (n=4)
¢ Consent withdrawn (n=3)
¢ For safety reasons (n=1)

Analysis (mITT
population)

Analysed (n=27)
¢ Excluded from analysis (n=0)

Analysed (n=33)
¢ Excluded from analysis (HBeAg
positive at baseline) (n=1)

A4

Analysed (n=32)

¢ Excluded from analysis (did not
receive allocated intervention) (n=1)

Fig.2 Patient randomization and flow chart. ETV entecavir, IFN interferon, /L-2 interleukin-2, MIU million international units, QD once daily,
QOD every other day, OM once a month, HBeAg Hepatitis B e antigen

Table 1 Patient demographics

. > Baseline characteristics
and baseline characteristics

Modified ITT

Group I (N=27)

Group II (N=33)

Group III (N=32)

Age, year Mean (SD) 35.0 (10.54) 36.5 (9.74) 32.8 (10.36)
Males, n n (%) 21 (77.8%) 25 (75.8%) 23 (71.9%)
Body mass index, kg/m2 Mean (SD) 23.14 (3.713) 22.38 (2.447) 21.49 (2.557)
Duration of previous treat- Mean (SD)  3.72(2.248) 3.57 (1.910) 3.36 (2.042)
ment with ETV, year
HBsAg, log,,IU/ml Mean (SD)  2.89 (0.826) 3.22 (0.520) 3.22 (0.562)
HBV DNA, log,copies/ml ~ Mean (SD)  2.441 (0.5558) 2.572 (0.4586) 2.496 (0.4471)
ALT, U/L Mean (SD)  20.7 (9.97) 24.8 (17.49) 17.0 (7.15)
HBeAb positive, n n (%) 13 (48.1%) 14 (42.4%) 14 (43.8%)
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Table 2 Efficacy results at week
48

(11/19), and 27.8% (5/18) in group I, II, and III, respectively,

Outcome® Group I Group II Group 111
NIN % NIN % NIN %
HBsAg loss 1727 3.7 1/33 3.03 3/32 9.38
p values
vs group I NS NS
vs group 11 NS NS
vs group I1I NS NS
HBsAg seroconversion 0727 0 1/33 3.03 3/32 9.38
p values
vs group I NS NS
vs group 11 NS NS
vs group III NS NS
HBeAg seroconversion” 1/14 7.1 11/19 57.9 5/18 27.8
p values
vs group I 0.003 NS
vs group 11 0.003 NS
vs group III NS NS
HBYV DNA <1000 copies/mL 27/27 100 24/33 72.7 27/32 84.4
p values
vs group I 0.003 0.032
vs group II 0.003 NS
vs group III 0.032 NS
ALT normalisation (< 1 x ULN) 26/27 96.3 25/33 75.8 25/32 78.1
p values
vs group I NS NS
vs group II NS NS
vs group III NS NS
HBsAg <10 IU/ml 2127 741 4/33 12.12 5/32 15.63
p values
vs group I NS NS
vs group II NS NS
vs group III NS NS
HBsAg <100 IU/mL 3/27 11.11 8/33 24.24 6/32 18.75
p values
vs group I NS NS
vs group II NS NS
vs group III NS NS
HBsAg <1000 IU/ml 12/27 44.44 18/33 54.55 19/32 59.38
p values
vs group I NS NS
vs group II NS NS
vs group III NS NS

“Patients with missing data at week 48 were classified as non-responders

Only patients who were HBeAb-negative at the start of treatment are included in calculations

had HBeAg seroconversion at week 48 (Table 2).
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Post-treatment response rates

Amongst 84 patients who completed 48 weeks of treat-
ment (group I, n=27; group II, n=29; group III, n=28),
one patient in group I, one patient in group II and two
out of three patients in group III who lost HBsAg at the
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Fig.3 On-treatment HBsAg decline from baseline to week 48. a On-
treatment HBsAg decline from baseline to week 48 in mITT popu-
lation. Data shown are mean+SEM. Group I vs group II, p<0.05;
group I vs group III, p<0.05; group II vs III, p>0.05. b On-treat-

end of treatment (EOT) maintained this response during
24 weeks of follow-up, of these, one patient in group II
and two patients in group III maintained HBsAg serocon-
version. One patient in group II with an EOT HBsAg level
of 22.39 IU/mL achieved late HBsAg loss but failed to
achieve HBsAg seroconversion at 24 weeks of untreated
follow-up. The rate of HBeAg seroconversion was 21.4%
(3/14), 66.7% (12/18), and 37.5% (6/16) in group I, 11,
and III, respectively, 24 weeks post-treatment. Sustained
HBeAg seroconversion was achieved in 63.6% (7/11) of
patients in group II, and 60% (3/5) in group III (Fig. 4).
HBV DNA level < 1000 copies/mL was achieved in 100.0,
41.4, and 50% of patients in group I, II III, respectively,
24 weeks post-treatment. Seven patients in group II and
eight patients in group III experienced virological relapse
after cessation of IFN treatment. ETV therapy was rein-
troduced in these patients. At 24 weeks post-treatment,
96.3% (26/27), 86.2% (25/29), and 75% (21/28) of
patients in group I, II, and III, respectively, had normal
ALT levels (<1 x ULN).

Safety

Combination of IFN, IL-2, and vaccine therapy was gener-
ally well-tolerated. AEs were more frequently observed in
group II, and group III than in group I. No AEs were deemed
related to the combination of IFN and immunomodulator
therapy, except that post-treatment ALT flares (ALT > 5
ULN) seemed more common in patients treated with com-
bination therapy, though not significantly (Table 3). Three
patients in group II and 1 patient in group III discontinued
treatment for safety reasons compared with none in group L.
None of the patients in any of the three groups experienced
an ALT flare during 48 weeks of treatment. After cessation
of IFN therapy, post-treatment ALT flares which occurred

ment HBsAg decline from baseline to week 48 in patients with
qHBsAg 100-1500 IU/mL. Data shown are mean+SEM. Group I
vs group II, p>0.05; group I vs group III, p <0.05; group II vs III,
p>0.05

in 5 out of 32 patients in group III, and 1 out of 34 patients
in group II (p >0.05), resolved after re-treatment with ETV.
Of 6 patients experiencing post-treatment ALT flare, all were
HBeAb negative at baseline, none of them achieved HBeAg
seroconversion or HBsAg loss during treatment, while only
one patient achieved post-treatment HBeAg seroconver-
sion. A large proportion of patients in group II and group
IIT experienced decreases in platelet, neutrophil, and white
blood cell counts during treatment; however, the majority of
such episodes (>93%) were mild and cell counts returned
to normal by week 48 in 91.2% of patients in group II, and
90.6% of patients in group III.

Dynamic changes in CD56"9" CD16~NK cell
and Treg proportions during treatment

CD56 " CD16"NK cells were defined as
CD3-CD56*#"CD16~ lymphocytes (Fig. 5a). The fre-
quency of CD56"€" CD167NK cells in group III not
only showed a rising trend during treatment (Fig. 5b),
but also was significantly higher than in group I or group
II at week 4 and week 36 (week 4: 5.44+4.00% vs.
1.72+1.03%, and 2.98 +2.43%; week 36: 6.92 +2.84% vs.
2.18+1.39%, and 3.97 +£2.74%, p < 0.05 for all comparisons
vs group III, Fig. 5c). Response to treatment was defined
as HBsAg loss and/or HBeAg seroconversion. Respond-
ers in group III showed a significantly higher increase in
the proportions of CD56°€" CD16"NK cells from week
24 to 36 compared with non-responders (1.87 +£0.74 vs.
0.06 +£0.13, p<0.05, Fig. 5d, e). Tregs were defined as
CD4*CD257CD127"°%~ lymphocytes (Fig. 5f). Propor-
tions of Treg from week 12 to 24 decreased in responders
in group II and group III, but increased in group I (Fig. 5g).
Responders in group III showed a significantly greater
decline in Tregs proportions from week 12 to 24 compared
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HBsAg loss (o= 1)9 seroconverted seroconverted DNA-negative negative
(n=1) (n=7) (n=5) (n=9) (n=3)
C [ Group Il (n=28)° ]
m [ ll Week 48 ! l ‘ﬁ\—
HBsAg-negative HBsAg-positive HEeAg . HEEAT o . HEY Dl FIBV DNA-
(n=3) (n=25) seroconverted seroconverted negative positive
(n=5) (n=11) (n=26) (n=2)

| 24 weeks |
post-treatment
8 J

| 24 weeks |
post-treatment

| 24 weeks |
| post-treatment |

Sustained Sustained HBeAg
HBsAg loss Late Tl?fg)g loss seroconverted
(n=2) - (n=3)

Late HBeAg Sustained HBV Late HBV DNA-
seroconverted DNA-negative negative
(n=3) (n=12) (n=2)

Fig.4 HBsAg loss, HBeAg seroconversion, and HBV DNA repres-
sion 24 weeks post-treatment. a Sustained and late HBsAg loss,
HBeAg seroconversion, and HBV DNA repression in group I. b Sus-
tained and late HBsAg loss, HBeAg seroconversion, and HBV DNA
repression in group II. ¢ Sustained and late HBsAg loss, HBeAg sero-
conversion, and HBV DNA repression in group III. *Only patients
who completed 48 weeks of allocated treatment were included in cal-

with responders in group II (0.55+0.08 vs. 0.18 +0.08,
p <0.05, Fig. 5h) or non-responders in group III (0.55 +0.08
vs. —0.89+0.35, p<0.05, Fig. 51, j).
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culations. Seven patients with missing data 24 weeks post-treatment
were classified as non-responders. "Only patients who completed
48 weeks of allocated treatment were included in calculations. Six
patients with missing data 24 weeks post-treatment were classified as
non-responders. ‘Only patients who were HBeAb-negative at the start
of treatment were included in calculations

Discussion

In this proof-of-concept pilot study, higher rates of HBsAg
loss were observed in patients treated with combination ther-
apy consisting of IFN, IL-2, and a therapeutic vaccine than
those treated with IFN or ETV alone, despite the absence of
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Table 3 Incidence of

X . . Variable, n (%)
discontinuation of treatment

Group I (n=27) Group II (n=34) Group III (n=32)

and adverse events (safety
population)

Discontinuation
For safety reasons
For other reasons
> 1 adverse event
> 1 serious adverse event (SAE)
>1 SAE related to treatment
Deaths
ALT flare®
Maximum ALT level
<1xULN
1-5xULN
5-10x ULN
>10xULN
Adverse events®
AST increased
ALT increased
Platelet count decreased

Neutrophil count decreased

White blood cell count decreased

Pyrexia

Alopecia

0 4(11.8) 4(12.5)
0 3(8.8) 13.1)
0 1(2.9) 3(9.4)
19 (70.4) 32 (94.1) 30 (93.8)
0 3(8.8) 2(6.3)
0 0 0
0 0 0
0 1(2.9) 5(15.6)
21 (81.5) 13 (38.2) 14 (43.8)
5(18.5) 20 (58.8) 13 (40.6)
0 1(2.9) 4(12.5)
0 0 13.1)
2(7.4) 19 (55.9) 17 (53.1)
5(18.5) 21 (61.8) 18 (56.3)
0 6 (17.6) 4(12.5)
2(7.4) 16 (47.1) 12 (37.5)
13.7) 18 (52.9) 16 (50.0)
13.7) 24 (70.6) 22 (68.8)
0 7(20.6) 10 (31.3)

“Defined as>5x ULN. ULN differed across hospitals

PPatients may have had more than one adverse event. Listed adverse events are those reported by 3% of
patients in any treatment group during or after treatment

statistically significant difference due to the relatively small
sample size. HBsAg seroconversion was only observed in
patients receiving IFN-based treatment. The rate of HBsAg
loss with sequential IFN therapy in group II (3.03%) was
lower than that previously reported in the OSST study in
which Peg-IFN was used as a “switch-to” strategy (8.5%)
[14]. This may be ascribed to the fact that IFN is not more
efficient than Peg-IFN. When IFN was combined with other
immunomodulators, HBsAg loss rate reached 9.38% higher
than that by switching to Peg-IFN alone. The use of Peg-
IFN instead of IFN in this innovative multi-targeted thera-
peutic approach may improve the chance of cure in ETV-
suppressed patients, and warrants further investigation.

A marked decline in serum HBsAg levels during IFN
therapy may reflect improved host immune control of HBV
infection, and thus is associated with a sustained response
[30-32]. In the present study, combination therapy led to
a more HBsAg decline than did IFN alone, particularly in
those with low baseline HBsAg levels. HBsAg loss was
durable and HBeAg seroconversion tended to increase
after completion of a finite course of [FN-based treatment.
Furthermore, 14 patients receiving IFN-based therapy had
HBsAg level < 100 IU/mL at EOT, while one patient with
an EOT HBsAg level of 22.36 IU/mL achieved late HBsAg
loss 24 weeks post-treatment. Increase of HBsAg titers after

treatment cessation was observed in 5 patients. Extended
Peg-IFN treatment enables more NA-experienced patients
to achieve HBsAg loss [15, 33, 34], which indicates the pos-
sible need for extending the combination therapy duration
in the subgroup of patients with low EOT HBsAg levels to
ensure a durable response, or at least to reduce the risk of
relapse.

Consistent with previous reports of IFN therapy, includ-
ing OSST study in chronic hepatitis B [14, 15, 35], the pre-
sent pilot study revealed that favorable responses were more
common in individuals with low initial levels of HBsAg
(<1500 TU/mL). This feature may help to predict which
patients are more likely to achieve clinical cure during IFN-
based combination therapy. However, for the patients with
much lower HBsAg level (< 100 IU/mL), continuing ETV
treatment may possibly lead to HBsAg loss. The only patient
in group I who lost HBsAg had a very low baseline HBsAg
titer of 0.61 IU/mL, and had been treated with ETV for
7.79 years until HBsAg loss. The remaining patients contin-
uing ETV treatment showed slow HBsAg decline (0.04 log;,
IU/mL) and minimal HBeAg seroconversion rate (7.6%).
Although long-term potent NA therapy may induce HBsAg
loss, in accordance with a previous report, the corresponding
calculated median duration that NA needed to clear HBsAg
was 52.2 years [36], thus, lifetime therapy may be required
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«Fig.5 Dynamic fluctuations of proportions of CD56™" CD16"NK
cells and Tregs during 48 weeks of treatment. a Flow cytometry
staining of CD56€" CD16™ natural killer (NK) cells from a repre-
sentative patient. Gate P1 and P2 illustrating the cell gating strategy
for the selection of lymphocytes from peripheral blood mononuclear
cells (PBMCs) and CD3~ lymphocytes from lymphocytes, respec-
tively. The cells in the lower right quadrant of the right dot plot (gate
P3) are CD56"" CD16~ NK cells. (B&C) A series of comparisons
among three groups. Data are expressed as mean + SEM. b CD56 e
CD16~ NK cell proportions during treatment. ¢ CD56™" CD16~
NK cell proportions at week 4. Significant p-value was evaluated
by independent-sample r-test. d, e A series of comparisons between
responders and non-responders in group III. Data are expressed as
mean +SEM. d CD56"" CD16~ NK cell proportions during treat-
ment. e Increase in CD56°€" CD16~ NK cell proportions from week
24 to week 36. Significant p-value was evaluated by independent-
sample #-test. Increase in CD56€" CD16~ NK cell proportions
from week 24 to week 36=CD56€" CD16~ NK cell proportions
(week 36—week 24)/week 24. f Flow cytometry staining experiment
of regulatory T-cells (Tregs) from a representative patient. Gate P1
and P2 illustrating the cell gating strategy for the selection of lympho-
cytes from PBMCs and CD4" cells from lymphocytes, respectively.
The cells in the lower right quadrant of the right dot plot (gate P3)
are Tregs. g, h A series of comparisons among responders in three
groups. Data are expressed as mean+SEM. g Treg proportions dur-
ing treatment. h Decline in Treg proportions from week 12 to week
24.1, j A series of comparisons between responders and non-respond-
ers in group III. Data are expressed as mean+SEM. i Treg propor-
tions during treatment. j Decline in Treg proportions from week 12 to
week 24. Significant p-value was evaluated by Mann—Whitney U test.
Decline in Treg proportions from week 12 to week 24 =Treg propor-
tions (week 12—-week 24)/week 12. APC allophycocyanin, FITC fluo-
rescein isothiocyanate, FSC forward scatter, /g immunoglobulin, PE
phycoerythrin, SSC side scatter. *p <0.05

in the vast majority of CHB patients. At present, alternative
strategies are needed to achieve early HBsAg loss or suc-
cessful NA withdrawal.

NA treatment efficiently inhibits HBV replication and
yields superior virologic response rates [10, 37], and may
at least in part favor restoration of HBV-specific T cell
reactivity [18], but it does not directly target cccDNA. In
contrast, [FN exerts both immune-modulatory and direct
antiviral effects, promotes partial cccDNA degradation, and
mediates epigenetic repression of cccDNA transcriptional
activity, which directly contributes to the decline of viral
antigens (HBeAg, HBsAg) amounts [38, 39]. Besides, prior
long-term ETV treatment significantly reduce viral loads and
viral antigen levels, which might be beneficial to sequential
IFN-induced immune activation. Therefore, switching to
IFN from a stable NA regimen constitutes an encouraging
strategy to optimize treatment efficacy through harnessing
potent antiviral activity and immune-modulatory effects
[13-16, 21, 40-42]. However, under this circumstance, res-
toration of adaptive immunity essential for viral clearance is
still inadequate, additional strategies such as immunothera-
peutic agents, might theoretically complement IFN-based
therapy aiming at provoking more efficient adaptive immune
responses.

Early studies showed that vaccine containing HBV-related
proteins exhibit considerable immune-modulatory capacity
[26, 29]. The boosting of specific immune response induced
by HBsAg vaccine reduced HBV replication in about 50%
of CHB patients [28]. Combination therapy with LAM plus
vaccine was better than LAM alone in CHB patients in terms
of HBV DNA negativity and HBeAg seroconversion [26]. It
has been demonstrated in several studies that IL-2 therapy
may amplify the immune response by regulating T lympho-
cytes and NK cells as well as inducing tumor necrosis factor
alpha (TNF-a) and IFN-y production [43, 44]. A pilot study
in Japan showed that HBeAg levels did not change during
IL-2 treatment, while HBeAg loss occurred after discontinu-
ation of therapy [27]. Nevertheless, some studies reported
that IL-2 used alone or in combination with IFN showed
limited clinical efficacy in Caucasian HBV DNA and HBeAg
positive patients [45, 46]. Patient characteristics including
race as well as dose and schedule of IL-2 administration
varied from study to study, providing possible explanations
for the discrepancies regarding the efficacy. A therapeutic
HBsAg vaccine in combination with IL-2 and LAM was
efficient in strongly inducing HBsAg-specific T cells and
cytotoxic lymphocytes (CTL) instrumental in improving
viral clearance [29]. Thus, together with previously reported
findings, the present data suggest that following complete
viral suppression by prior NA treatment, both HBsAg vac-
cine and IL-2 may have the potential to complement IFN
therapy for the synergistic induction of HBsAg loss.

CD56eht CD16™NK cells, constituting 70% of NK cells
in peripheral lymphoid organs, secrete various cytokines,
such as IFN-y and TNF [47]. Micco et al. reported that Peg-
IFN is capable of potently and cumulatively driving pro-
liferation and potential antiviral activity of CD56°"" NK
cells [19]. The OSST parallel immunologic study showed
that in ETV-treated patients switching to IFN, the per-
centage of CD56™ 8" NK cells was significantly elevated,
more importantly, these cells contributed to HBsAg and
cccDNA clearance through TRAIL-induced cytolysis and
TNF-o/IFNy-mediated noncytolytic pathways [48]. The
present study showed that at week 4 after initiating therapy,
patients receiving combination therapy had significantly
higher frequency of CD56"€" CD16-NK cells than those
receiving ETV or IFN alone, moreover, responders to com-
bination therapy showed a sustained increase in CD562ht
CD16™NK cells proportions until week 36. A previous study
reported that an expanded population of activated, functional
NK cells induced by Peg-IFN could be maintained for at
least 36 weeks [49]. On the other hand, IFN-based com-
bination therapy can induce HBV-specific T cell restora-
tion [20]. Treg can significantly inhibit the HBV-specific
T cell response [50]. Here we observed that Tregs propor-
tions markedly decreased from week 12 to 24 in respond-
ers to IFN-based therapy, with the most significant decline
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in responders to combination therapy, but did not in ETV
responders or non-responders to combination therapy. These
data supported the notion that adding immunomodulators to
IFN may better restore or augment both innate and adaptive
arms of the immune response, thereby potentially enhancing
HBsAg decline and loss.

Considering safety, either IFN alone, or in combination
with IL-2 and vaccine was generally well tolerated without
observable unexpected AEs. A previous study revealed that
0.3 million units IL-2 (twice per week for 3 months) was
biologically active but non-toxic dose, while 1.0 million
units was a toxic dose [51]. For safety reason, the dose of
IL-2 that we used is 1-10% of the maximum tolerated dose
reported in studies of IL-2 therapy in patients with meta-
static cancer. Besides, because there were only reports on the
treatment with IL-2 combined with IFN rather than Peg-IFN
in CHB patients [46], we chose IFN in this combination reg-
imen to reduce potential side effects. ALT flares were more
common in patients receiving combination therapy, though
not significantly, the overall AE incidence rates were compa-
rable between IFN and combination groups, but higher than
in the ETV group, indicating that most AEs may be associ-
ated with IFN, while combining low-dose IL-2 and HBsAg
vaccine did not significantly increase the risk of side effects.

This study has certain limitations. It was difficult to deter-
mine the HBV genotype due to the undetectable HBV DNA
levels at baseline, thus the impact of genotype on HBsAg
loss was not ascertained. Although the data on combination
therapy with ETV, IFN, IL-2, and vaccine is promising, it
would be premature to draw a firm conclusion regarding the
efficacy of the combination therapy from this pilot study
because only a limited number of patients were enrolled.
Nonetheless, this study provides the proof of concept sup-
porting further studies to assess the efficacy and long-term
benefit of the combination of Peg-IFN with immunomodula-
tors in NA-experienced patients, and may help to develop
novel therapeutic strategies to reconstitute antiviral func-
tions enabling cure of hepatitis B. We are currently carrying
out two multicenter real-world studies (COST and OCEAN
studies) to confirm these preliminary findings.

In conclusion, in patients with HBeAg loss and sustained
HBYV DNA suppression by long-term ETV treatment, par-
ticularly in those with low baseline HBsAg levels, switching
to combination therapy consisting of IFN, IL-2, and vaccine
may enhance rates of HBsAg loss. Moreover, HBsAg loss is
durable in the majority of patients, and HBeAg seroconver-
sion rates tend to increase during 24 weeks of follow-up.
The clinical efficacy may be closely associated with partial
restoration of CD56™€" CD16™NK cells and Tregs immune
responses.
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