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Abstract

Background: Circulating HBsAg, HBV RNA, and hepatitis B core-related
antigen (HBcrAg) are potential biomarkers for the response to nucleos(t)ide
analog (NA) treatment discontinuation in patients with chronic hepatitis B
(CHB). We retrospectively investigated the long-term kinetics of HBsAg,
HBV RNA, and HBcrAg in HBeAg-negative patients treated with NA for up to
14 years in a prospective cohort study.

Methods: Ninety-six patients (mean age 65y, 77% male, 52% with cirrhosis,
all HBV genotype D) who were undergoing first (n =33, group A) or second-
line (n=63, group B) treatment with tenofovir disoproxil fumarate were in-
cluded. HBV biomarkers collected during tenofovir disoproxil fumarate
treatment were measured in 384 serum samples stored at —20 °C. The
combined biomarker endpoints associated with functional cure following NA
discontinuation included HBsAg <1000 IU/mL, HBY RNA <54 copies/mL,
and HBcrAg <2 log U/mL.

Results: Before NA treatment, HBV RNA and HBcrAg were detectable in
85% (mean 3.9+2.3 [range, 0-9.2] log4g copies/mL) and 80% (mean
4.3+1.9 [2-8.9] log4o U/mL), respectively, of the patients in group A. In
groups A and B, the percentages of patients with detectable HBV RNA levels
decreased to 53% and 34%, respectively, during years 8—10 of NA treat-
ment, and to 29% in group B during years 11-14 to 29%. HBcrAg could be
quantified in 2% of patients in group B NA treatment years 8—10. Combined
biomarker endpoints were met at baseline and at years 1—4, 5—7, 8-10, and
11—-14 of treatment by 3.3%, 12% and 14%, 13% and 38%, 26% and 29%,
and 41% of patients, respectively.

Abbreviations: cccDNA, covalently closed circular DNA; CHB, chronic hepatitis B; CpAM, core protein allosteric modulator; EASL, European Association for the
Study of the Liver; HBcrAg, hepatitis B core-related antigen; LOD, lower limit of detection; LOESS, Locally Estimated Scatterplot Smoothing; LOQ, lower limit of
quantification; NA, nucleos(t)ide analog; TDF, tenofovir disoproxil fumarate.
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Conclusions: HBV biomarker endpoints are associated with functional cure
after the discontinuation of NA increase during long-term NA treatment.

Keywords: functional cure, HBcrAg, HBV biomarkers, stop NUC, treatment

discontinuation

INTRODUCTION

Chronic hepatitis B (CHB) infection affects 292 million
people globally and causes significant morbidity and
mortality in 15%—40% of infected individuals.!"-2

Treatment of CHB infection is mostly based on highly
potent nucleos(t)ide analogs (NAs), which aim to
prevent complications associated with progressive
inflammation and fibrosis, such as liver failure, decom-
pensated liver cirrhosis, and HCC.[34

While many patients with HBeAg-positive CHB can
achieve stable endpoints that are associated with long-
term immune control, such as HBeAg seroconversion
or, in a minority of patients (< 1%), HBsAg loss, which is
considered a functional cure, patients with HBeAg-
negative CHB often need life-long NA treatment.l56!
However, recent studies suggest that discontinuing
NA after more than 2-3 years of NA treatment and
persistently undetectable serum HBV DNA may result in
higher percentages of functional cure in HBeAg-
negative patients,[”8l leading to this method’s inclusion
in international treatment guidelines, although its
implementation is not well characterized.[39!

However, there is strong evidence that patients with low
HBsAg levels at the time of NA treatment discontinuation
have the highest percentages of functional cures during
follow-up.[710-131 Additionally, low levels of the experimen-
tal HBV biomarkers HBV RNA and hepatitis B core-related
antigen (HBcrAg) have recently been shown to be
associated with favorable outcomes and the potential of
HBsAg loss after NA treatment discontinuation.['*-20 The
serum levels of both HBV RNA and HBcrAg reflect the
intrahepatic transcriptional activity of the HBV covalently
closed circular DNA (cccDNA).12".22l However, the duration
of NA treatment necessary to achieve HBV biomarker
profiles associated with increased chances of functional
cure after NA discontinuation remains unclear. We
measured and compared both markers in a prospectively
established real-world cohort of HBeAg-negative patients.

METHODS
Patient population
All patients were treated in the outpatient clinic of the

University of Milan in ltaly and were retrospectively
included in this study. Patients with HBeAg-negative

CHB at the start of treatment who met the treatment
indications according to EASL (European Association
for the Study of the Liver) guidelines; were over 18 years
of age; did not have HCC; underwent treatment with
tenofovir disoproxil fumarate (TDF) as a first-line or
second-line therapy for at least 8 years; had available
serum samples stored at —20 °C obtained at baseline
and during years 1-4, 5-7, and 8-10 of TDF treatment;
and had documentation of any previous NA treatments
were included in the study.B! The decision to treat with
TDF was made by the attending physician. All patients
provided written informed consent to participate in the
study. Our study was conducted in accordance with the
principles of the Declaration of Helsinki and Istanbul.

Laboratory measurements

All HBV markers were measured in 4 samples for each
patient (n=96), resulting in a biomarker measurement
in a total of 384 samples.

Quantification of HBV DNA and HBsAg

HBV DNA was quantified via real-time PCR (Roche
cobas, lower limit of quantification [LOQ], 10 IU/mL and
lower limit of detection [LOD], 4.3 IU/mL). Results below
the LOQ and above the LOD were designated <LOQ,
but not provided as exact values as they are not reliably
quantifiable. Results below the LOD were considered
undetectable. HBsAg was quantified via ELISA (Abbott
Architect, LOQ, 0.05 IU/mL) according to the manufac-
turer’s instructions.

Quantification of HBV RNA

Full-length HBV RNA was quantified after reverse
transcription using specific real-time PCR in a one-step
procedure, as previously described.?3l HBV RNA
results were categorized on the basis of the different
definitions of detectability. Thus, the LOQ was deter-
mined to be 54 copies/mL by a serum sample used as a
standard. Positive PCR signals below 54 copies/mL
were not reliably quantifiable and were designated as
<LOQ, whereas PCR results without HBV RNA signal
detection were designated as undetectable.
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Quantification of HBcrAg

HBcrAg was quantified using the Lumipulse G HBcrAg
assay (Fujirebio Europe) according to the manufactur-
er’s instructions. The HBcrAg results were reported as
quantities if they were above the LOQ of 1000 U/mL
(3 log4o U/mL). HBcrAg signals between the LOQ and
LOD of 2 logqo U/mL were reported as <LOQ. HBcrAg
results below the LOD of 2 logsg U/mL (target not
detected) were described as undetectable.

Definition of biomarker endpoints

The levels of single HBV markers associated with an
increased likelihood of developing a functional cure
following the cessation of NA treatment were based on
recently published categories: HBsAg < 1000 IU/mL,5!
HBcrAg <2 log/U/mL,58 and HBV RNA below the
detection limit.”:8.181 A" combined biomarker endpoint
was defined as the achievement of all 3 biomarkers
meeting predefined levels at the same time point in a
patient during the course of NA treatment.

Statistical analysis

The dynamics of single HBV biomarkers were analyzed
according to the duration of TDF treatment and total NA
treatment. Descriptive statistics were calculated using
means, SDs, and ranges. For group comparisons of
values, the nonparametric Mann—Whitney test was
used for age and weight. f tests were used when a
normal distribution could be assumed, and the Fisher
exact test was used for categorical variables. The mean
smoothing method of locally weighted smoothing
(LOESS—Locally Estimated Scatterplot Smoothing)
was applied. All figures were created using the ggplot2
package library of R statistics software.

RESULTS
Patient population and samples

Ninety-six patients were included in the analysis at the
time of TDF treatment initiation (Table 1). Thirty-three
patients started NA treatment with TDF as first-line
treatment (group A) and were observed for a mean
duration of 88 + 11 months (range, 66—120 mo). Sixty-
three patients started TDF as second-line treatment
(group B) and were observed for a mean duration of
90 + 11 months (range, 43—-96 mo) (Figure 1). All patients
in group B received lamivudine prior to TDF treatment for
a mean duration of 46 + 21 months (range, 1—101 mo). In
group B, patients were older (mean age 60 vs. 68 vy,
p=0.0001), and more patients had liver cirrhosis than did

those in group A (27% vs. 65%, p=0.0004) (Table 1). No
patients developed HCC or hepatic decompensation
during the observation period. A total of 384 serum
samples were collected at baseline and at years 14,
5-7, and 8-10 of TDF treatment and stored at —20 °C.

Response to TDF treatment

At the start of NA treatment, HBV DNA was above the
limit of detection in 84% of patients in group A with a
mean of 5+ 1.9 logo IU/mL (range, 1.7-9 logqo 1U/mL)
(Table 2). During TDF treatment, HBVY DNA levels
decreased below the LOQ in all patients in both groups
(Figure 2A). The percentage of patients with
undetectable HBV DNA increased from 55%—67% in
years 1-4 to 75%—77% in years 5-7, 86%—87%% in
years 8-10, and 92% in years 11-14 in group B
(Figure 3A). The mean HBsAg level was
4+0.6 loge IU/mL (range, 2.3—4.4 log4o IU/mL) at
baseline in group A and 3.1+ 1.4 logyo IU/mL (range,
2.1-4.1 log4g IU/mL) in group B (p=n.s.) and decreased
mildly in both groups during the observation period
(Figures 2B and 3B). None of the patients experienced
HBsAg loss during the observational period.

HBV RNA levels during NA treatment

At baseline, the mean HBV RNA
3.9+2.3 logo copies/mL (range, 0-9.2 log4o copies/
mL) in treatment-naive patients (group A) and
1.1+ 1.0 logqo copies/mL (range, 0—3 logqo copies/mL)
(p=2.6x1078) in treatment-experienced patients (group
B) (Figure 2C). During NA treatment, the mean HBV RNA
levels decreased in both groups (Figure 2C and Table 2).
Thus, at the start of TDF treatment, 83% of patients in
group A presented with HBV RNA above the lower LOQ,
which decreased to 24% of patients after 810 years of
TDF treatment. In group B, the percentage of patients
with HBV RNA levels above the lower LOQ decreased
from 36% at NA treatment initiation to 21% at years 8-10
of TDF treatment, and further to 2% at years 11-14 of
TDF treatment (Figure 3C). HBV RNA signals below the
lower LOQ remained detectable at variable percentages
in 3%-39% of patients over the duration of TDF
treatment in both groups. No differences in HBV RNA
levels were found between patients with and without
cirrhosis at any time point (p=n.s.).

level was

HBcrAg levels during NA treatment

At baseline of NA treatment, the mean HBcrAg level
was 4.5+ 1.9 log4o U/mL (range, 3-8.9 log,o U/mL) in
group A. At month 12 of TDF treatment, the mean
HBcrAg levels were similar between the groups
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TABLE 1 Patient characteristics (n=96) at the start of TDF treatment
Group A (n=33) B (n=63) P
Sex, m/f (%) 21/12 (63/37) 53/10 (84/16) 2x1072
Age (y)? 60+9 (40-73) 68 +7.8 (44-84) 1074
Weight (kg)? 71+13 (46-90) 73 +13 (45-128) 0.4
Cirrhosis (%) 9 (27) 41 (65) 4x1074
ALT (IU/mL)? 24 +12 (7-78) 24.5+2.1 (23-26) 0.12
HBV genotype D (%) 33 (100) 63 (100) 1
HBV DNA (log4o IU/mL)? 5+1.9 (1.7-9) 26+1.2(1.8-3.4) 0.15
Patients with detectable HBV DNA (%)
HBsAg (logso IU/mL)? 4+0.6 (2.3-4.4) 3.1+1.4 (2.1-4.1) 0.13
HBcrAg (logqo U/mL)? 4.3+1.9 (2-8.9) 3.1+£0.5 (24.4) 5.2x10712
HBcrAg >LOQ (%) 20 (67) 1(4)
HBcrAg LOD-LOQ (%) 4 (13) 1(4)
HBcrAg <LOD (%) 6 (20) 26 (93)
HBV RNA (log+o copies/mL)? 3.9+2.3 (0-9.2) 1.1+1.0 (0-3) 2.6x1078
HBV RNA >LOQ (%) 25 (83) 10 (36)
HBV RNA LOD-LOQ (%) 1(3) 11 (39)
HBV RNA <LOD (%) 4 (13) 7 (25)

aMean + SD (range).

Abbreviations: HBcrAg, hepatitis B core-related antigen; LOD, lower limit of detection; LOQ, lower limit of quantification; TDF, tenofovir disoproxil fumarate.

(Figure 2D, and Table 2). In group A, at baseline,
HBcrAg was above the LOQ in 67% of patients
(Figure 3D). During TDF treatment, the percentage of
patients with HBcrAg levels above the LOQ decreased
from years 14, 5-7, and 8-10 to 21%, 6%, and 0%,
respectively, in group A, and to 4%, 3%, and 2%, and at
years 11-14 to 0%, respectively, in group B. No
differences in HBcrAg levels were found in patients
with or without cirrhosis (p =n.s.). HBcrAg signals in the
non-linearity range remained detectable in variable
percentages of patients.

ALT levels during NA treatment

At the beginning of TDF treatment, the mean ALT levels
were significantly greater in group A (Table 2). After
12 months of TDF treatment, the ALT levels were
similar between groups A and B (Figure 2E).

Combined biomarker endpoints

A combined biomarker endpoint for increased potential
of HBsAg loss after NA treatment discontinuation was
met by 3% of patients in group A at the initiation of NA
treatment (Figure 4A). At years 1—4 of NA treatment, a
combined biomarker endpoint was achieved by 12%
and 14% of patients in groups A and B, respectively. At
years 5—7 and 8—10 of NA treatment, the percentage of
patients who achieved combined biomarker endpoints
increased to 13% and 29% in group A and to 38% and
26% in group B, and there was a further increase from
years 11-14 of NA treatment to 41% in group B. Most
patients in group A presented at the start of NA
treatment unfavorable single biomarker profiles for
increased likelihood of HBsAg loss after NA treatment
discontinuation, including HBsAg, HBV RNA, and
HBcrAg levels (Figure 4B). However, starting at years
1-4 of NA treatment, the majority of patients reached

’ HBYV biomarker quantification

|

}

A A A

Group A:  treatment naive

Group B:| LMV treatment

N\ 4
TDF 245 mg/d (n=33)

/

TDF 245 mg/d (n=63)

FIGURE 1

Year

Study design and time points of HBV biomarker measurements. Before treatment with TDF, patients were either naive to NA

treatment (group A) or treated with LMV (group B). Abbreviations: NA, nucleos(t)ide analog; LMV, lamivudine; TDF, tenofovir disoproxil fumarate.
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TABLE 2 HBV biomarker quantification before and during first-line (group A) or second-line (group B) treatment with TDF

Baseline Years 14 Years 5-7 Years 8-10
Group A B A B A B A B
HBV DNA (log4o IU/mL)? 5.0 (2.0) 2.6 (1.1) 0.4 (0.5) 0.3 (0.5) 0.2 (0.4) 0.1 (0.3) 1.0 (1.8) 0.1 (0.3)
HBsAg (logso IU/mL)? 4.0 (0.6) 3.1 (1.4) 3.4 (0.5) 2.9 (0.5) 3.1 (0.6) 2.5 (0.6) 2.9 (0.7) 2.3 (0.7)
HBV RNA (logqo U/mL)? 4.2 (1.9) 1.9 (0.3) 2.4 (1.0) 1.9 (0.4) 2.2 (0.6) 1.9 (0.3) 2.0 (0.8) 1.8 (0)
HBcrAg (U/mL)? 4.5 (1.9) 3.1 (0.3) 3.2 (1.0) 3.0 (0.4) 3.1 (0.6) 3.0 (0.3) 3.0 (0.4) 3.0 (0)

aMean + SD.
Abbreviations: HBcrAg, hepatitis B core-related antigen; TDF, tenofovir disoproxil fumarate.
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B, n=63). Abbreviations: NA, nucleos(t)ide analog; HBcrAg, hepatitis B core-related antigen; TDF, tenofovir disoproxil fumarate.

HBcrAg levels <2 log U/mL and the increase in the
combined biomarker endpoint during the follow-up
period was triggered by decreasing HBsAg and HBV
RNA levels. The achievement of the combined bio-
marker endpoints in group B was triggered by
decreases in HBcrAg and HBV RNA levels over time
in group A, as the majority of patients already had
HBcrAg levels <2 log U/mL at the start of the
observation period (Figure 4C).

DISCUSSION

In the present study, we assessed the kinetics of
experimental biomarkers of cccDNA activity, HBV RNA,

and HBcrAg in a cohort of well-characterized HBeAg-
negative patients during long-term treatment with NA.
To our knowledge, this is the first study of these
markers in patients treated with NA for up to 14 years.
We found that the percentage of patients with quanti-
fiable HBV RNA or HBcrAg levels decreased over time
during NA treatment. Thus, HBV RNA was above the
LOQ in 78% of patients at the start of NA treatment and
subsequently decreased to 24% at years 8-10 of
treatment (Figures 2C and 3C). Among patients who
were treated for up to 14 years with NA, only 4%
presented detectable HBV RNA levels (Figure 3C). In
contrast, HBcrAg was above the LOQ in 50% of patients
at baseline, in 2%-17% of patients at years 8-10 of
treatment, and in no patients at years 11-14 of
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endpoint of HBsAg <1000 IU/mL, HBcrAg <2 log U/mL, and HBV RNA <54 copies/mL was rare during the first 4 years, though it continuously
increased during the following treatment period (A). The achievement of combined endpoints in group A (B) and group B (C) was driven mostly by
the kinetics of HBsAg and HBV RNA, as HBcrAg was less than 2 log in most patients. Abbreviations: NA, nucleos(t)ide analog; HBcrAg, hepatitis
B core-related antigen; LOD, lower limit of detection; LOQ, lower limit of quantification.

treatment (Figure 3D). During NA treatment, the
percentage of patients whose combined HBV biomarker
profile was potentially associated with the development
of a functional cure after the discontinuation of NA
treatment increased.

Discontinuation of NA treatment has become an
accepted treatment to achieve a functional cure in
HBeAg-negative patients. The benefits may outweigh
the risks of severe relapses of HBV replication,
especially in patients with lower HBsAg levels and
undetectable HBV replication at the time of NA

treatment discontinuation.[824 An HBsAg threshold of
100 IU/mL for Asian and 1000 IU/mL for Caucasian
patients was recently defined to identify patients with
high chances of response.['! In our study, we found that
an increasing percentage of patients achieved HBsAg
levels <1000 IU/mL during up to 14 years of NA
treatment, suggesting that with prolonged duration of
NA treatment, more patients become more likely to
develop a functional cure after NA treatment withdrawal
(Figure 3C). However, the strength of the association
between HBsAg and HBV replication is debatable as
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HBsAg is formed not only from cccDNA but also from
the integrated HBV genome, which is why HBV RNA
and HBcrAg markers are currently being studied for
their potential to enhance the prediction of functional
cure after discontinuation of NA treatment.[25-30 Previ-
ous studies have shown that HBcrAg levels are
associated with the response to NA treatment as well
as to viral and ALT flares after discontinuing NA
treatment.31321 Moreover, when HBcrAg levels are
combined with HBsAg levels in serum samples from
HBeAg-negative patients who discontinue NA treat-
ment, there is a stronger correlation with HBsAg loss
than with HBsAg levels alone.[”.""! The combination of
serum HBsAg and HBcrAg is recommended as a
predictor for viral relapse after discontinuation of NA
therapy in the Japanese CHB guidelines for the
management of HBV infection (Drafting Committee for
Hepatitis Management Guidelines and the Japan
Society of Hepatology, 2014). The detection of HBcrAg
signals in the range of 2-3 log U/mL, which is unspecific
according to the manufacturer, was included in the
analysis.l'"l These nonlinear and detected, but not
quantifiable, signals may indicate the presence of the
marker in spite of uncertainty and lack of reproducibility
in this range. It needs to be researched whether such
signals may contribute to better identification of patients
who achieved HBsAg loss or other clinical endpoints. In
our cohort, a large proportion of patients had HBcrAg
values after up to 14 years of NA treatment (Figure 3C).
Although different quantification methods were used,
HBV RNA PCR yielded positive results in many patients
whose HBV RNA levels were above the Ilimit of
detection (Figure 3B). We believe that these nonlinear
test results should be investigated for their origin and for
their value as response markers in larger studies.

HBV RNA is detectable in serum as encapsulated
virion-containing pgRNA, and it may predominantly
consist of pgRNA, spliced pgRNA variants, and HBx
species!?833 Serum levels of HBV RNA in combination
with HBcrAg are associated with favorable outcomes
and a functional cure after the discontinuation of NA
treatment.[8:34.35] |nterestingly, HBV RNA levels seem to
be less associated with the achievement of a functional
cure when used alone than when combined with the
HBcrAg levels.¥! However, a comprehensive study of
the significance of HBV RNA levels, alone or in
combination with other serum markers, on the proba-
bility of HBsAg loss after NA termination has not yet
been conducted.

In our study, we analyzed single HBV biomarker
kinetics as well as the achievement of described single
biomarker thresholds that have previously been associ-
ated with the achievement of functional cure following NA
treatment discontinuation. To account for the superiority
of a combination of different markers over a single
marker, we defined the combined biomarker endpoint.
Our combined biomarker endpoint was met by only a

minority of patients at the initiation and during the first
1—4 years of NA treatment (Figure 4A). The increase in
the number of patients who achieved this combined
endpoint was driven mainly by the continuous decrease
in HBV RNA and HBsAg levels (Figures 4B, C). This
difference compared with that of HBcrAg is likely due to
the comparatively small dynamic range of the HBcrAg
assay, which has a lower detection limit of 3 log.
According to previous studies, we included the nonlinear
and unspecific range of HBcrAg test results between 2
and 3 log U/mL in our analysis.[”-81 However, this use of
the test results for HBcrAg, as it was in our and other
studies in clinical practice, requires a more profound
understanding of the assay and the nature of its targets.
During the later time points in our observations, an
increasing number of patients achieved a combined
biomarker profile. Although the association of the
duration of NA treatment with the response to NA
treatment cessation is not consistent across different
reports, observations in line with our findings have been
reported previously.l”8 Accordingly, the assumption that
a longer treatment duration results in greater HBsAg loss
after NA discontinuation due to a greater proportion of
patients achieving combined biomarker endpoints
requires validation in future studies. However, our results
indicate that a minimum duration of 4-5 years of
treatment may be necessary to achieve favorable
conditions to respond to this therapeutic approach in a
significant number of HBeAg-negative patients. How-
ever, a limited percentage of patients reached a
combined biomarker endpoint even after 11-14 years
of NA treatment (Figure 4A). These findings suggest that
not all patients can achieve this presumably favorable
profile of HBV replication markers with the help of long-
term treatment and that only a certain proportion of
patients will be eligible for therapeutic discontinuation of
NA therapy.

In addition to being potential markers for NA
treatment discontinuation, HBY RNA and HBcrAg
have been previously studied in different clinical
scenarios. HBVY RNA and HBcrAg reflect disease
stages and the efficacy of NA-based or interferon-
based treatments in HBeAg-positive patients with
CHB.B7:38] Dye to the lack of serological endpoints
for HBeAg-negative patients, the associations of
HBcrAg and HBV RNA with the response to NA
treatment in these patients have not yet been
assessed. However, serum HBV RNA has been
evaluated for its association with the efficacy of core
protein allosteric modulators (CpAM).B¥ In our study,
HBV RNA levels were detectable in 85% of patients at
the initiation of NA treatment and in 45%-56% of
patients at year 10 of NA treatment (Figure 3C). Based
on the decreasing percentage of patients with detect-
able HBV RNA in our study, it is unclear whether HBV
RNA can be used as a response marker in HBeAg-
negative patients during long-term NA treatment.
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However, it is possible that the detectability of HBV
RNA represents a valuable predictor for novel treat-
ments. We believe that developing and evaluating
more sensitive assays for HBV RNA quantification
is essential to better understand its value as a
response marker for patients undergoing long-term
NA treatment.

Our study has several limitations. First, although we
included a large, homogenous, and well-characterized
patient cohort, our findings are restricted to Caucasian
patients with the HBV genotype D. This may be
important, as ethnicity may be another factor to consider
regarding viral biomarker kinetics in addition to the HBV
genotype. Second, HBcrAg and HBV RNA are exper-
imental markers that have not been validated for use in
clinical settings. Additionally, assays for HBV RNA and
HBcrAg are not standardized; the HBV RNA assay
used in this study is an in-house assay, and the results
may differ from those of other assays.

In conclusion, our long-term observations of
HBeAg-negative CHB patients receiving NA treatment
revealed that HBsAg, HBV RNA, and HBcrAg levels
steadily decreased, which may increase the likelihood
of HBsAg loss in these patients after the cessation of
NA treatment. However, these endpoints were only
achieved by approximately half of the patients despite
the long duration of treatment. A favorable time point
to consider stopping NA treatment might thus be
achievable for some patients after an individualized
duration of therapy. However, even with prolonged
treatment, many patients may not attain a full
functional cure. The actual significance of these
biomarker profiles for the management of HBeAg-
negative patients with CHB must be assessed in future
prospective studies.
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