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Abstract

Background and Aims: Analyzing the interplay among serum HBV DNA,

HBsAg, anti-HBs, and alanine aminotransferase (ALT) during nucleic-acid

polymer (NAP)-based therapy for chronic hepatitis B provides a unique

opportunity to identify kinetic patterns associated with functional cure.

Methods: All participants with HBeAg-negative chronic HBV infection

in the REP 401 study (NCT02565719) first received 24 weeks of

tenofovir-disoproxil-fumarate (TDF) monotherapy. The early triple therapy

group (n = 20) next received 48 weeks of TDF+pegylated interferon-α2a
(pegIFN)+NAPs. In contrast, the delayed triple therapy group (n = 20) next

received 24 weeks of TDF+pegIFN before 48 weeks of triple therapy.

Three participants discontinued treatment and were excluded. Functional

cure (HBsAg and HBV DNA not detectable with normal ALT) was assessed

at 48 weeks post-treatment. Different kinetic phases were defined by at

least a 2-fold change in slope. A single-phase decline was categorized as

monophasic, and 2-phase declines were categorized as biphasic.

Results: Fourteen (35%) participants achieved a functional cure. HBV

DNA remained below or near undetectable for all participants by the end of

TDF monotherapy and during subsequent combination therapies. Three

HBsAg kinetic patterns were found in both the early and delayed groups,

nonresponders (n = 4 and n = 4), monophasic (n = 11 and n = 11), and

biphasic (n = 4 and n = 3), respectively. All participants who achieved a

functional cure had a monophasic HBsAg kinetic pattern during triple

therapy. Among participants with a monophasic HBsAg decline, those who

had a functional cure had a shorter median time to HBsAg loss of 21

Abbreviations: ALT, alanine aminotransferase; EOT, end of treatment; HBV, hepatitis B virus; HBsAg, hepatitis B virus surface antigen; IQR, interquartile range;
LLoQ, lower level of quantification; NAP, nucleic-acid polymer; NPV, negative predictive value; NR, nonresponders; NUC, nucleos(t)ide analog; pegIFN, pegylated
interferon α2a; QF, quantifiable; SVP, subviral particle; TDF, tenofovir-disoproxil-fumarate; TND, target not detected; ULN, upper limit of normal.
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(interquartile range= 11) weeks compared with those who did not achieve

functional cure [median: 27 (7) weeks] (p = 0.012).

Conclusions: Functional cure was associated with a rapid monophasic

HBsAg decline during NAP-based therapy. A nonmonophasic HBsAg

kinetic pattern had a 100% negative predictive value (NPV) for a

functional cure.

INTRODUCTION

Chronic HBV infection is a hepatotropic infection, which
affects > 250 million people worldwide.[1,2] Chronic HBV
can cause hepatic fibrosis, cirrhosis, and liver cancer
resulting in >820,000 deaths annually.[3] Currently
approved therapies with nucleos(t)ide analogs (NUCs)
are highly effective in suppressing HBV viremia to
clinically undetectable levels by inhibiting HBV reverse
transcriptase.[4] While NUCs can inhibit liver disease
progression and might decrease the risk of developing
hepatocellular carcinoma,[5] they have limited efficacy in
reducing HBsAg, suppressing HBV genomic recycling,
that is, intracellular replenishment of the covalently
closed circular DNA[4] or eliminating integrated HBV
DNA.[6–10] These limited antiviral effects often result in a
relapse in hepatitis B viremia upon discontinuation of
NUCs.[11] Because HBsAg loss (defined as undetect-
able HBsAg with current assays) is associated with an
improvement in liver-related outcomes[12] including a
further decrease in hepatocellular carcinoma risk
compared with HBV DNA suppression without HBsAg
loss,[13] the suppression of both HBV DNA and HBsAg
along with normal alanine aminotransferase (ALT) level
(termed functional cure) is considered a desirable
clinical endpoint.[14] However, the HBsAg loss rate with
NUCs is <10% after many years of therapy.[15]

Circulating HBsAg, which is primarily comprised of
noninfectious subviral particles (SVPs), prevents HBV-
specific host immune responses from efficiently target-
ing HBV infection.[16–18] HBsAg loss provides the basis
for a functional cure.[19] Of the current investigational
drugs in development for chronic HBV infection,[20]

nucleic-acid polymers (NAPs) are the only agents that
have been shown to efficiently target the assembly and
secretion of SVPs and inhibit HBsAg production, both in
mechanistic studies[21–23] and human trials.[24] The most
recent combination study (REP 401) with NAPs,
tenofovir-disoproxil-fumarate (TDF), and pegylated
interferon-α2a (pegIFN) achieved high rates of HBsAg
loss during therapy (60%), high rates of host-mediated
transaminase flares, and high rates of functional cure
(39%) after completion of triple therapy.[25]

Establishing predictive markers for functional cure has
been hampered by the low rates of functional cure with

approved agents but is an important part of the
developing clinical landscape for establishing optimized
combination therapy regimes. The goals of this study
were to provide the first kinetic characterization of HBV
DNA, HBsAg, anti-HBs, and ALT during treatment arms
with TDF alone, TDF+pegIFN, and triple therapy with
TDF+pegIFN+NAPs and to assess for kinetic patterns
associated with functional cure in the REP 401 study.

METHODS

REP 401 study[25]

Forty chronic HBV-infected, HBeAg-negative, mostly
genotype D participants received 24 weeks of TDF
monotherapy. At the end of TDF monotherapy, 20
participants were randomly assigned to an early NAPs
treatment group and 20 to a delayed NAPs treatment
group. The early group received 48 weeks of triple
therapy, consisting of TDF+pegIFN+NAPs. The delayed
group received 24 weeks of TDF+pegIFN (dual therapy)
and was then treated with NAPs triple therapy for 48
weeks. Within each treatment arm, 10 participants were
randomly assigned to receive REP 2139-Mg and 10
participants to receive REP 2165-Mg. REP 2165-Mg is a
bioequivalent variant of REP 2139-Mg, which is designed
to degrade faster and, thus, have reduced organ
accumulation.[26] The baseline characteristics for all
participants are shown in Table 1.[25] As a result of the
randomization process, there was no significant
difference between the baseline characteristics of the 2
groups. After completing 48 weeks of triple therapy,
patients were then followed for 48 weeks in the absence
of all therapy. The study design with the disposition of
participants from the initiation of the study to the end of
follow-up is shown in Supplemental Figure S1 (http://
links.lww.com/HC9/A365).

The REP 401 study was conducted at 3 sites
in Chişinău, Republic of Moldova; 2 sites at the Toma
Ciorbă Infectious Diseases Hospital and a third
site at the Republican Clinical Hospital. For complete
enrollment criteria, see http://replicor.com/wp-content/
uploads/2020/03/REP-401-Protocol.pdf. Written informed
consent at enrollment was provided by all participants.
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The study protocol was compliant with current guid-
elines on Good Clinical Practice, with the Declaration of
Helsinki and Istanbul, and was approved by the National
Ethics Committee and National Medicines Agency of the
Republic of Moldova (Approval Numbers 42_02.09.2015
and A07PS01Rg02-5856_05.08.2015 respectively).

HBV DNA, HBsAg, anti-HBs, and ALT
measurements

During TDF monotherapy, HBV DNA [Abbott Realtime;
lower level of quantification (LLoQ) 10 IU/mL, target not

detected (TND) 1 IU/mL], serumHBsAg (Abbot Architect;
LLoQ 0.05 IU/mL, TND 0.01 IU/mL), anti-HBs (Abbot
Architect; TND 0.1 mIU/mL), and ALT were measured at
1, 10, 18, and 24 weeks. During dual and triple therapies,
measurements were made weekly. All participants
received follow-up evaluations and testing at 4, 12, 24,
and 48 weeks after the end of therapy (week 72 for the
early NAPs group and week 96 for the delayed group).

Kinetic and statistical analyses

Three participants (“02-010” and “03-016” from the delayed
group and “03-020” from the early group) discontinued
treatment before the end of the study and were, thus,
excluded from the dual therapy, and early and delayed
triple therapy analyses. Two additional patients (02-053
and 02-050) who hadmissingHBVDNA data points during
TDF monotherapy were excluded from the kinetic analysis
of the TDF treatment phase. The kinetics of each marker
(HBV DNA, HBsAg, anti-HBs, and ALT) were assessed
during each stage of treatment for participants in both the
early and delayed NAPs treatment groups. Both groups
underwent an identical initial stage of TDF monotherapy,
so n = 35 participants were included in the analysis of the
first phase of therapy. Since only the delayed treatment
group received 24 weeks of TDF+pegIFN dual therapy,
this treatment phase was analyzed separately. Data
obtained during the triple therapy phase were analyzed
separately for the early and delayed NAPs treatment
groups, and then were combined for further analysis.

For the purposes of plotting and statistical analyses,
each marker was right censored to the boundaries of the
detection limit of the assay before being placed on a log10
scale. HBsAg values <0.05 IU/mL were right censored
to 0.01 IU/mL, anti-HBs values of <0.1 mIU/mL were
right censored to 0.1 mIU/mL, HBV DNA<LLoQ was right
censored to 10 IU/mL, and HBV DNA TND was right
censored to 1 IU/mL.

The kinetics of HBV DNA and HBsAg during treat-
ment were grouped into decline patterns. As previously
done,[27–29] monophasic responses were characterized
by a single linear decline until reaching LLoQ or TND
(whichever was first detected), whereas biphasic
responses were characterized by at least a 2-fold
change in slope from the first phase of decline before
reaching LLoQ or TND. Nonresponders (NR) were
defined as demonstrating a decline from baseline
<1.5 log10 IU/mL. For HBV DNA, we defined an
additional flat partial response kinetic pattern where
the decline was > 1.5 log10 but plateaued rather than
trending toward TND. The slopes for each distinct
decline phase were calculated with linear regression.

A high upper limit of normal (ULN) of ALT = 50 U/L
was used for the REP 401 study, which was performed in
a Moldovan population as previously described.[25] ALT
(in U/L) responses were analyzed including the

TABLE 1 Baseline characteristics before monotherapy in the REP
401 study[25]

Parameters
Delayed triple

group
Early triple

group

Participants 20 20

Documented history of
infection before therapy
[median (range)] (y)

9 (0.1–19) 7 (0.25–26)

Previous therapy

NUCs 0 1

pegIFN 0 0

Age [median (range)] 40.5 (22–53) 40.5 (23–52)

Males [n (%)] 17 (85) 16 (80)

HBV genotype [n (%)]

A 1 (5) 2 (10)

D 19 (95) 18 (90)

Fibroscan [n (%)]

≤7 kPa 12 (60) 10 (50)

>7–9 kPa 4 (20) 7 (35)

>9–11 kPa 0 (0) 2 (10)

>11 kPa 4 (20) 1 (5)

Virologic baseline [median (IQR)]

HBV DNA (log10 IU/mL) 4.62 (2.07) 5.00 (1.19)

HBsAg (log10 IU/mL) 3.97 (0.67) 3.94 (0.36)

Anti-HBs (mIU/mL) 0 (0.42) 0 (0.13)

ALT [median (range)] (U/L) 49 (21–302) 56.5 (2–276)

Normal ALT ( <50 U/L) [n
(%)]

11 (55) 8 (40)

Platelets [median (range)]
(×106/mL)

175 (148–260) 168.5
(124–331)

Liver median stiffness
[median (range)] (kPa)

6.65 (4.3–14.1) 7.3 (4.4–19.6)

Note: The delayed triple therapy group (called the control group in the REP 401
study) consists of participants treated with TDF alone and then dual therapy with
TDF+pegIFN followed by triple therapy with TDF+pegIFN+NAPs (termed
delayed triple). The early triple therapy (called the experimental group in the
REP 401 study) group consists of participants treated with TDF alone, followed
by triple therapy with TDF+pegIFN+NAPs (termed early triple).
Abbreviations: ALT, alanine aminotransferase; IQR, interquartile range; NAP,
nucleic-acid polymer; NUC, nucleos(t)ide analog; pegIFN, pegylated interferon-
α2a; TDF, tenofovir-disoproxil-fumarate.
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magnitude of the peak value, the time delay from
initiation of dual or triple therapy until the peak was
achieved, the peak value as fold increase above
pretreatment levels, and the peak value as fold increase
above ULN. Anti-HBs seroconversion was defined as the
time when titer antibody values reached ≥10 mIU/mL.

All kinetic analysis was performed with R and Python,
version 3.9 with Scipy, version 1.7.3. Unless otherwise
specified, variables are summarized as the median and
interquartile range (IQR), linear correlations were calcu-
lated with Spearman R, and sample medians were
compared with the Mann-WhitneyU test or Kruskal-Wallis
H test when >2 samples were being compared. p values
≤ 0.05 were noted as being statistically significant.

RESULTS

HBV DNA decline in TDF monotherapy

Three distinct HBV DNA patterns were observed during 24
weeks of TDF monotherapy (Figure 1 and Supplemental
Figures S2 and S3, http://links.lww.com/HC9/A365). All 35
participants experienced a rapid first phase of HBV DNA
decline with a median slope of 0.35 (IQR: 0.11) log
IU/week. Five participants experienced a monophasic
decline in HBV DNA with a continuous downward slope
(n = 4) or reduction below LLoQ (n = 1) (Figure 1A). Thirty
participants had a second viral decline phase, including 19
who showed a biphasic pattern (Figure 1B) and 11 who
had a flat partial response (Figure 1C). There was no
difference in HBV DNA at baseline between participants
with monophasic, biphasic, and flat partial response
decline patterns (p = 0.62). The biphasic HBV DNA
patterns were characterized by an initial decline followed
by a second slower decline with a median slope of 0.08
(IQR: 0.03) log IU/week. In the 12 participants with FPRs,
the second phase was a plateau of HBV DNA at a median
1.0 (IQR: 0) log IU/mL. At the end of TDF monotherapy, 5
of the 35 participants had HBV DNA TND, 26 of the 35
(74%) of participants were at least <LLoQ, and 9 (26%)
had quantifiable HBV DNA (Table 2). HBV DNA remained
below or near LLoQ for all of the 37 (including the 2 patients
(02-053 and 02-050) who had missing HBV DNA data
points during TDF monotherapy for kinetic analysis)
participants studied during subsequent combination
therapy through the end of triple treatment (EOT)
(Table 2). There were no associations between patients’
baseline characteristics and HBV DNA kinetic patterns.

The median baseline ALT level before TDF mono-
therapy was 54 (IQR: 56) U/L. The initial HBV DNA
decline was not correlated with baseline ALT, but the
second-phase HBV DNA decline for biphasic HBV DNA
responses correlated with baseline ALT (R = 0.53, p =
0.002, Figure 1D), suggesting that the rate of turnover of
infected hepatocytes at baseline may play a role in HBV
DNA kinetics during TDF monotherapy.

Dual therapy with TDF and pegIFN

The delayed group then underwent 24 weeks of
TDF+pegIFN dual therapy. Since baseline HBV DNA at
the initiation of the dual therapy was <LLoQ for 11/18
participants and remained <1.5 log10 IU/mL (17/18
participants) throughout this phase, and during subse-
quent triple therapy (delayed triple therapy) (Table 2),
HBV DNA levels were not further characterized after the
TDF monotherapy phase.

Only 1/18 participants had an HBsAg decline during
dual therapy (Figure 2A) while in the remaining patients
it remained at pretreatment levels (Figure 2 B-D).
Seventeen patients began dual therapy with
undetectable anti-HBs, and the remaining participant
was anti-HBs positive with a titer <10 mIU/mL. None of
the 17 anti-HBs negative patients achieved anti-HBs
seroconversion with dual therapy including a single
outlier (Patient 02-001) who had a monophasic decline
of HBsAg after a delay of 8 weeks (Figure 2).

The median ALT value at the start of dual therapy
was 40 (IQR: 16) U/L. During dual therapy, ALT kinetics
involved transient increases of varying magnitudes with
a peak and a subsequent decline in all participants
(Figure 2). The magnitude of ALT peak values varied
and was not associated with HBV DNA or HBsAg
kinetic parameters. The time at which the peak ALT
level occurred during dual therapy was significantly
(p = 0.0017) later [median: 16 (IQR: 10) weeks] for
patients who subsequently achieved functional cure
after triple therapy compared with those who did not
subsequently reach functional cure after triple therapy
[median: 6 (IQR: 6) weeks] (Figure 3).

Early triple therapy kinetics

The 19 participants in the “Early Triple Therapy” group
underwent 48 weeks of TDF+pegIFN+NAPs triple
therapy immediately following TDF monotherapy (Sup-
plemental Figure S4, http://links.lww.com/HC9/A365).
Baseline HBV DNA at the initiation of early triple therapy
was <LLoQ for 14/19 participants and <1.5 log10 IU/mL
(16/19 participants) throughout this phase (Table 2), so
HBV DNA levels were not further characterized.

Three HBsAg kinetic patterns were identified during
early triple therapy. Four participants were NR (<1.5 log10
IU/mL reduction from baseline) (Figure 4A), 11 had a
monophasic decline (Figure 4B), and 4 had a biphasic
decline (Figure 4C). The median rate of HBsAg decline in
monophasic patients was 0.52 (IQR: 0.26) log IU/mL/
week, with all patients reaching LLoQ [at median: 18 (IQR:
8) weeks]. The median initial phase slope in biphasic
participants was 0.29 (IQR: 0.18) log IU/mL/week, which
was slower (p = 0.02) than in themonophasic participants
(Supplemental Table S1, http://links.lww.com/HC9/A365).
In patients with a biphasic HBsAg decline, the median
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slope of the second-phase decline of 0.02 (IQR: 0.02) log
IU/week was slower than the first phase with only 1 patient
reaching <LLoQ at EOT (Figure 4C). No difference was
observed in kinetic patterns between participants
receiving either REP 2139-Mg or REP 2165-Mg, nor

were associations observed between kinetic patterns and
the participants’ age or known duration of HBV infection.

Anti-HBs were undetectable in 16/19 participants at
the beginning of early triple therapy (Table 2). In 10/11
participants with a monophasic decline, anti-HBs

F IGURE 1 Representative HBV DNA kinetic patterns in patients treated with TDF monotherapy. Representative serum HBV DNA kinetic
patterns monotherapy (A), biphasic (B), and flat partial response (C). Dotted and dashed horizontal lines represent the HBV DNA LLoQ (10 IU/mL)
and anti-HBs detection limit (0.1 mIU/mL), respectively. Empty circles represent undetectable HBV DNA. (D) Correlation between second-phase
HBV DNA decline and baseline ALT level for participants experiencing a biphasic HBV DNA decline. All 37 participants’ responses are available in
Supplemental Figures S2 and S3 (http://links.lww.com/HC9/A365). Abbreviations: ALT, alanine aminotransferase; LLoQ, lower level of quantifi-
cation; TDF, tenofovir-disoproxil-fumarate.

TABLE 2 Virological baselines before each of the 3 segments of treatment

Parameters Dual therapy (N = 18) Delayed triple (N = 18) Early triple (N = 19)

Virology [median (IQR)]

HBsAg (log10 IU/mL) 3.93 (0.38) 3.86 (0.61) 3.89 (0.40)

ALT (U/L) 39.5 (16) 71.5 (47.8) 35 (22.5)

HBV DNA (log10 IU/mL) 1.0 (0.86) 1.0 (1.03) 1.0 (0.17)

HBV DNA< LLoQa [n (%)] 11 (61) 13 (72) 14 (74)

HBV DNA TND [n (%)] 5 (28) 8 (44) 4 (21)

HBV DNA QF>10 IU/mL [n (%)] 7 (38) 5 (28) 5 (26)

HBsAg TND (%) 0 0 0

Anti-HBs TND [n (%)] 14 (78) 13 (72) 16 (84)

Note: The dual therapy group underwent 24 weeks of TDF+pegIFN and then transitions to 48 weeks of TDF+pegIFN+NAPs, called delayed triple therapy. The
immediate triple therapy group underwent 48 weeks of TDF+pegIFN+NAPs triple therapy. HBV DNA LLoQ, 10 IU/mL; HBsAg TND, 0.1 IU/mL; QF; and anti-HBs TND,
0.1 mIU/mL.
aLess than LLoQ count includes participants with HBV DNA TND.
Abbreviations: ALT, alanine aminotransferase; IQR, interquartile range; LLoQ, lower level of quantification; NAP, nucleic-acid polymer; pegIFN, pegylated interferon-
α2a; QF, quantifiable; TDF, tenofovir-disoproxil-fumarate; TND, target not detected.
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seroconversion occurred after a median of 14 (IQR: 5)
weeks and had a median anti-HBs increase slope of
0.19 (IQR: 0.05) log mIU/week (Figure 4B). Only 2/4
patients with a biphasic decline in HBsAg (Figure 4C)
and none of the NR participants (Figure 4A) achieved
anti-HBs seroconversion by EOT (Figure 4A).

The median ALT level at the start of early triple
therapy was 35 (IQR: 23) U/L. All participants had a
transient increase in ALT to a median 7.2 (IQR: 5.4]-fold
peak above ULN at week 12 (IQR: 8.5) of triple therapy.
Peak ALT levels were followed by a median decline to
1.5 (IQR: 1.3)-fold above ULN at EOT. In most
participants (8/12), ALT peak time was achieved earlier
than anti-HBs seroconversion time [median: 2.5 (IQR:
7.8) weeks], and the timing of the 2 events was
significantly correlated (R = 0.65, p = 0.02) for
participants undergoing early triple therapy (Supple-
mental Figure S5, http://links.lww.com/HC9/A365).
There was no difference in ALT peaks/kinetic parame-
ters between REP 2139-Mg and REP 2165-Mg.

Delayed triple therapy kinetics

During 48 weeks of delayed triple therapy, 3 HBsAg
kinetic patterns were identified (Supplemental Figure
S6, http://links.lww.com/HC9/A365). Four participants
were NR (Figure 4D), 11 had a monophasic decline
(Figure 4E), and 3 had a biphasic decline (Figure 4F).
The median slope of the HBsAg decline in monophasic
HBsAg responses was 0.29 (IQR: 0.14) log IU/mL/
week (Supplemental Table S1, http://links.lww.com/

F IGURE 2 Representative figures of HBsAg kinetics (and ALT flares) during dual therapy. (A) Participant 01-028 represents the 17 HBsAg
nonresponders. (B) Participant 02-001 who was the only one who experienced HBsAg monophasic decline during dual therapy and achieved
functional cure (HBV DNA not detected, HBsAg < lower level of quantification, and normal ALT after follow-up). Dotted and dashed horizontal lines
represent the anti-HBs seroconversion threshold (10 mIU/mL) and anti-HBs target not detected (0.1 mIU/mL), respectively. (C) Participant 02-023
represents those HBsAg nonresponders who had partial cure (HBV DNA ≤ 2000 IU/mL, normal ALT) after triple therapy. (D) Participant 01-017
represents those HBsAg nonresponders who had virological rebound (HBV DNA >2000 IU/mL) after triple therapy. Abbreviations: ALT, alanine
aminotransferase.

F IGURE 3 Therapy outcome versus ALT peak time in dual ther-
apy. ALT peak time during dual therapy is associated with treatment
outcomes at follow-up after triple therapy. Peak time is measured from
the beginning of dual therapy. Horizontal and vertical lines represent
the median and interquartile range, respectively. Abbreviation: ALT,
alanine aminotransferase.
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HC9/A365) with 9 of the 11 participants reaching LLoQ
by median week 20 (IQR: 4). The HBsAg decline
following the introduction of NAPs was delayed in
patients experiencing a biphasic decline [median: 4
(IQR: 0) weeks] relative to the patients experiencing a
monophasic decline [median: 0 (IQR: 2) weeks, p =
0.003]. The median initial rate of decline in biphasic
HBsAg responses was 0.66 (IQR: 0.10) log IU/mL/
week followed by a slower second-phase decline with
slope 0.08 (IQR: 0.01) log IU/week with only 2 patients
reaching the LLoQ at EOT. No difference was
observed in HBsAg kinetic patterns between partic-
ipants receiving either REP 2139-Mg or REP 2165-Mg,
nor were associations observed between kinetic
patterns and the participants’ age or known duration
of HBV infection.

Anti-HBs was not detected in 13/18 (72%) partic-
ipants at baseline. Slightly delayed (relative to early
NAPs therapy) (median: 17, IQR: 4 weeks) anti-HBs
seroconversion occurred in 10/11 patients with an
HBsAg monophasic decline with a median anti-HBs
increase slope of 0.15 (IQR: 0.02) log mIU/week. Only
2/3 patients experiencing a biphasic decline in HBsAg
and 1/4 of the HBsAg NR participants achieved anti-
HBs seroconversion by EOT (Figure 4D).

The median ALT in the delayed triple therapy group
started at a baseline value of 72 (IQR: 48) U/L. All
participants experienced transient increases in ALT to a
median 4.1 (IQR: 3.4)-fold peak above ULN at week 16
(IQR: 14) of triple therapy. Peaks were followed by a
decline to a median 1.2 (IQR: 1.1)-fold above ULN at
EOT. There was no difference in ALT peaks/kinetic
parameters between REP 2139-Mg and REP 2165-Mg.

Combined triple therapy kinetics

Due to ALT kinetics during dual therapy, the baseline
ALT values were on average 1.8 times higher before
initiation of delayed triple therapy (Table 2) (p < 0.001)
relative to ALT levels before starting early triple
therapy. ALT level peaks in the early triple therapy
group were, on average, 1.8 times higher compared
with the delayed group (p = 0.02). ALT elevation at
baseline (before the introduction of TDF) was not
correlated with the magnitude of ALT flares during
triple therapy.

While participants with monophasic HBsAg decline
under early triple had ∼2-fold faster (p = 0.02) decline
slope compared with participants with monophasic under

F IGURE 4 Representative participants based on HBsAg response kinetic patterns during 48-week combination therapy with TDF, pegIFN,
and NAPs. The participant-ID of each representative figure, along with the treatment outcome for that participant at the end of follow-up, is listed at
the top left corner of each respective graph [functional cure (HBsAg< LLoQ, HBV DNA not detected and normal ALT), partial cure (HBV
DNA≤2000 IU/mL, normal ALT), and VR = virological rebound (HBV DNA>2000 IU/mL)]. Participants of early triple therapy are shown in the top
row and delayed triple therapy in the bottom row. The dotted horizontal line represents anti-HBs seroconversion (10 mIU/mL). The dashed
horizontal line represents anti-HBs TND (0.1 mIU/mL). HBsAg seroconversion threshold or TND (0.01 IU/mL) is the lower boundary of the
figure (ie, −2 log IU/mL. All 37 participants’ responses are available in Supplemental Figures S4 and S6 (http://links.lww.com/HC9/A365).
Abbreviations: ALT, alanine aminotransferase; LLoQ, lower level of quantification; NAP, nucleic-acid polymer; pegIFN, pegylated interferon-α2a;
TDF, tenofovir-disoproxil-fumarate; TND, target not detected.
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delayed triple, the overall distributions of parameters
such as HBsAg response delay, HBsAg first and second
decline slopes in monophasic and biphasic participants,
and HBsAg baseline values were not significantly differ-
ent between the early and delayed triple therapy groups
(Supplemental Figure S7 and Table S1, http://links.lww.
com/HC9/A365). Anti-HBs seroconversion occurred with
similar frequency between both groups, with 12 and 13
total participants experiencing anti-HBs seroconversion
in the early and delayed triple therapy groups, respec-
tively. In both groups, the anti-HBs seroconversion was
divided into exactly 10 participants with monophasic
HBsAg declines and 2 with biphasic HBsAg declines
[with one additional HBsAg NR in the delayed group who
had anti-HBs seroconversion (Figure 4D)].

Due to their similarities in HBsAg kinetics, the groups
were analyzed together for treatment outcomes. The
distribution of outcomes for each of the HBsAg kinetic
patterns during triple therapy is shown in Figure 5A. All
participants who achieved functional cure after the follow-
up measurements had a monophasic kinetic pattern
during triple therapy. The positive predictive value (PPV)
for a monophasic HBsAg decline correlation with
functional cure was 64%, and the negative predictive
value (NPV) was 100% (sensitivity 100%, specificity
65%). In addition, for patients with a monophasic
response, HBsAg reached TND significantly sooner
[median: 21 (IQR: 11) weeks vs. median 27 (IQR: 7)
weeks, p = 0.012] in patients who reached a functional
cure compared with those who did not achieve functional
cure (Figure 5B).

Anti-HBs seroconversion occurred in 25/37 (68%)
participants. Of the 22 participants with monophasic
HBsAg responses during triple therapy, 20 (91%)
achieved anti-HBs seroconversion. Four of the 7
(57%) participants with biphasic HBsAg responses with
triple therapy achieved anti-HBs seroconversion, and
only 1 of the 8 (13%) participants who were HBsAg NR
with triple therapy achieved anti-HBs seroconversion.
Of the 14 participants that achieved functional cure,
only 1 participant (02-024) did not achieve anti-HBs

seroconversion during therapy but did so at 24 weeks of
follow-up. Achieving anti-HBs seroconversion during
triple therapy had a 52% PPV and a 92% NPV
(sensitivity 93%, specificity 48%) for predicting a
functional cure.

DISCUSSION

The goal of novel therapies in development for the
treatment of chronic HBV infection is to achieve a
functional cure, defined as the absence of detectable
HBV DNA and HBsAg in the blood and normal ALT
level.[30] Establishing high rates of functional cure will
likely require a combination of agents, which control
viral replication, clear HBsAg from the circulation and
liver, and stimulate immune function.[31] HBsAg loss
during therapy is an essential step toward achieving
functional cure[13] although functional cure also likely
requires reactivation of the adaptive immune response
made senescent from exposure to long-term antigen
load.[32,33] Identifying kinetic patterns associated with a
functional cure is integral to developing and optimizing
new treatment strategies for chronic HBV.

Three different kinetic HBsAg responses were
observed with NAP-based triple therapy: nonresponse
(<1.5 log10 IU/mL decline from baseline) in 8/37 parti-
cipants, monophasic HBsAg decline in 22/37 partic-
ipants, and biphasic HBsAg decline in 7/37 participants.
All participants achieving functional cure experienced a
monophasic decline in HBsAg during NAP-based triple
therapy, and the presence of a monophasic decline had a
PPV of 64% and an NPV of 100% predictive for a
functional cure. In addition, the time to HBsAg loss
following the introduction of NAP-based triple therapy
was significantly faster in participants achieving a func-
tional cure. The pattern of the findings with NAP-based
triple therapy is consistent with data from pegIFN
monotherapy, where strong and rapid declines in HBsAg
by week 24 were associated with HBsAg loss after
completion of therapy.[34,35]

F IGURE 5 HBsAg kinetic patterns and outcome of therapy. (A) Distribution of therapy outcomes for each HBsAg kinetic pattern. (B) Time to
HBsAg TND (0.1 IU/mL) for a functional cure and nonfunctional cure participants with monophasic HBsAg decline. The median and interquartile
range are marked as horizontal and vertical lines, respectively. Abbreviation: TND, target not detected.
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HBsAg turnover is a rapid process, with a published
half-life ranging from 1 to 6 days.[36,37] NAPs block
replenishment of circulating HBsAg by blocking the
assembly and secretion of HBV SVPs and drive the
reduction and elimination of intrahepatic HBsAg via
enhanced intracellular degradation of unassembled
HBsAg.[22,26,38,39] The rapid monophasic decline
of HBsAg observed with NAP-based triple therapy
likely largely reflects the suppression of HBsAg
replenishment.

HBV infection confounds the immune response by
producing a very large excess of SVP that floods the
blood with HBsAg protein.[40] HBsAg has an inhibitory
effect on both innate and adaptive immune functions
and is the primary driver of chronically active HBV
infection by persistent suppression of immune
control.[40] A monophasic decline in HBsAg to unde-
tectable levels could remove immune inhibition caused
by HBsAg, allowing for the most efficient effect of
immunotherapy used in combination (in the case of the
current study, pegIFN) to potentially restore immune
control over HBV and establish a functional cure. The
rates of HBsAg monophasic decline, HBsAg loss,
functional cure, and anti-HBs seroconversion were
similar between the early and delayed triple therapy
groups, suggesting that priming with 24 weeks of dual
TDF+pegIFN therapy in the delayed group did not
provide a noticeable benefit in patients who subse-
quently received 48 weeks of NAP-based triple
therapy.

In the current study, 25/37 patients achieved anti-
HBs seroconversion during triple therapy, which had a
PPV of 52% and an NPV of 92% for predicting a
functional cure. It is important to note that anti-HBs
seroconversion occurred in 4 participants [2 NR
(02-018 who achieved anti-HBs seroconversion after
triple stopped) and 01-028), 1 monophasic (01-017), 1
biphasic (01-019)] who experienced viral rebound
after triple therapy stopped and anti-HBs > 10 mIU-
/mL was still followed by the re-emergence of viral
replication (partial cure).[41] The findings indicate that
anti-HBs seroconversion could happen during triple
therapy or even after treatment cessation without fully
suppressing HBV DNA and/or HBsAg production,
reminiscent of a recent phase II clinical study in
chronic HBV patients treated with therapeutic vaccine
BRII-179.[42]

Liver enzyme elevations during therapy with well-
controlled viremia might serve as indicators of host-
mediated immune clearance of infected hepatocytes
that do not alter liver function but universally improve
virologic and liver function outcomes. Previous anal-
yses had indicated that the highly prevalent elevations
in ALT levels during NAP-based therapy in the REP
401 study were similarly host-mediated and predicted
functional cure when they occurred concomitantly with
HBsAg decline to <10 IU/mL during therapy.[41]

Interestingly, we observed in this analysis that early-
onset ALT flares during dual therapy (TDF+pegIFN) in
the delayed group were associated with viral rebound,
whereas flares were delayed in participants achieving
functional cure (Figure 3). In patients with delayed ALT
flares during dual therapy, there may be a distinct
immune reactivity that is less easily activated but has a
greater impact on clearing infected hepatocytes. This
remains to be further investigated since outcomes
could not be determined clearly from dual therapy
alone in this study.

Our study is limited by the fact that the REP 401
study had a restricted HBV genotype (mostly D), mostly
male participants, and lacked patients with cirrhosis.
The inclusion of an NUC+REP 2139-Mg treatment arm
in future studies will be required to examine the virologic
response in the absence of pegIFN. It will be important
to confirm the predictive effects of the rapid HBsAg
declines in the presence of pegIFN with other immuno-
therapies, such as thymosin α1 or therapeutic vaccines,
and in other HBV genotypes.

In summary, rapid monophasic HBsAg decline during
NAP-based combination therapy may signal highly
efficient targeting of SVP production and predict the
achievement of a functional cure.
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