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HBsAg loss is a preferred treatment endpoint for functional
cure in chronic hepatitis B (CHB),! yet it remains uncom-
mon within finite treatment durations, particularly under
long-term nucleos(t)ide analogs (NAs) therapy.2:3 Pegylated
interferon alpha-2b (Peg-IFNa-2b) can increase the probabil-
ity of HBsAg decline and loss in selected patients; however,
in small real-world cohorts, the limited number of HBsAg
loss events often leads to imprecise estimates and uncer-
tainty. Moreover, a binary endpoint (HBsAg loss vs. non-loss)
does not capture on-treatment qHBsAg dynamics, which are
measured irregularly in routine practice.4> To better charac-
terize on-treatment qHBsAg dynamics in real-world settings
with irregular sampling and sparse endpoint events, we visu-
alized gHBsAg trajectories using locally estimated scatterplot
smoothing (LOESS) in NA-experienced patients who initiated
Peg-IFNa-2b add-on therapy while continuing NAs and in
those who continued NAs alone. Accordingly, the primary aim
was to compare on-treatment qHBsAg trajectories between
the two groups, and the secondary aim was to compare HB-
sAg loss within 500 days, thereby potentially informing treat-
ment selection and monitoring strategies for this subgroup of
patients with CHB.

We conducted a real-world, multicenter, prospective co-
hort study from February 2023 to October 2025 at several
sites in Shandong Province, evaluating Peg-IFNa-2b add-on
therapy in NA-experienced, HBeAg-positive patients with
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CHB who had received continuous NA therapy for at least
12 months before baseline and had baseline HBsAg <3,000
IU/mL. To compare HBsAg dynamics between the Peg-IFNa-
2b add-on group and the NAs-alone group, we extracted
electronic health record data from hospital information sys-
tems and formed a concurrent control cohort of patients
who received NAs alone. Missing data were handled using
an available-case approach without imputation. Details re-
garding missing data handling, gHBsAg measurement fre-
quency per patient, and Peg-IFNa-2b discontinuation criteria
are provided in Supplementary Appendix 1. Baseline (Day 0)
was defined as the date of the first Peg-IFNa-2b prescription
for the Peg-IFNa-2b add-on group and, for the NAs-alone
group, the first eligible clinic visit between 2023 and 2025 at
which gHBsAg was measured and all inclusion criteria were
met. Continuous NA therapy for 212 months prior to base-
line was verified using prescription records documented in
the electronic medical record. The date when NAs were con-
tinued was defined as the most recent NA prescription date
prior to baseline, which was used to confirm that patients
remained under NA treatment coverage at baseline. Time for
each gHBsAg measurement was expressed in days relative to
baseline. We excluded coinfection with HCV/HDV/HIV, other
chronic liver diseases (alcohol-related, drug-induced, auto-
immune), moderate-to-severe nonalcoholic steatohepatitis,
hepatocellular carcinoma, and telbivudine use. Data were
primarily extracted from electronic health records; paper-
based laboratory reports were digitized and structured using
MedSyntix. In total, 161 patients received Peg-IFNa-2b add-
on therapy while continuing NAs and 205 patients continued
NAs alone, from whom all available pre-baseline and post-
baseline measurements of qHBsAg, gHBeAg, white blood cell
(WBC) counts, and platelet (PLT) counts were collected.

We performed one-to-one (1:1) nearest-neighbor propen-
sity score matching (PSM) without replacement on the logit
of the propensity score. The propensity score was estimated
using a logistic regression model including age, sex, WBC
count, neutrophil count, hemoglobin, PLT count, and gHBsAg.
All included patients had received continuous NA therapy for
at least 12 months before baseline, and baseline hepatitis
B virus (HBV) DNA was <500 IU/mL in the included cohort;
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Fig. 1. LOESS-smoothed trajectories of qHBsAg under Peg-IFNa-2b add-on versus NAs alone. Points are individual qHBsAg measurements (green denotes Peg-
IFNa-2b add-on, and red represents NAs alone); solid lines denote the LOESS fit, and shaded ribbons show 95% CIs. The vertical dashed line marks baseline. The x-axis
shows time (days) relative to baseline; negative values indicate pre-baseline measurements. The y-axis shows qHBsAg (log10 IU/mL). Number of gHBsAg measurements:
Peg-IFNa-2b add-on group, n = 563; NAs-alone group, n = 604. Pre-baseline trajectories represent available historical qHBsAg measurements and are intended only to pro-
vide descriptive context. NAs, nucleos(t)ide analogs; Peg-IFNa-2b, pegylated interferon alpha-2b; LOESS, locally estimated scatterplot smoothing; CI, confidence interval.

therefore, HBV DNA showed limited variability and was not
included in the primary propensity score model. Matching was
conducted with a caliper width of 0.2 standard deviations of
the logit of the propensity score. Given irregular real-world
sampling and a priori unknown trajectory shape, we visual-
ized gHBsAg dynamics using piecewise LOESS (span = 0.50)
fitted separately before and after baseline within each group.
LOESS does not require prespecifying a global functional form
or knot structure and leverages all available observations on
a continuous time scale to depict key dynamic features of
gHBsAg. To contextualize the qHBsAg dynamics with a func-
tional cure endpoint, the Kaplan-Meier method was used to
estimate cumulative incidence of HBsAg loss (<0.05 IU/mL),
with administrative censoring at day 500. Methodological de-
tails for missing data handling, PSM, LOESS, Kaplan-Meier
analyses, and WBC/PLT/qHBeAg trajectories are provided in
Supplementary Appendixes 1-6. All analyses were performed
in R version 4.4.1 (Matchlt, survival, survminer, and ggplot2).

After PSM, 161 matched pairs were formed, and baseline
covariates were well balanced. Peg-IFNa-2b add-on therapy
was generally planned as a finite-duration course of approx-
imately 48 weeks when clinically feasible. The median ac-
tual treatment duration was 315 days (interquartile range,
172-350). In the Peg-IFNa-2b add-on group, 27/161 pa-
tients (16.8%) received Peg-IFNa-2b for <24 weeks, 95/161
(59.0%) for 24-48 weeks, and 39/161 (24.2%) for >48
weeks. Overall, 64/161 patients (39.8%) received Peg-IFNa-
2b for at least 48 weeks.

All gHBsAg measurements for each patient were includ-

ed, including both pre-baseline and post-baseline tests. The
Peg-IFNa-2b add-on group contributed 563 gHBsAg visits,
and the NAs-alone group contributed 604 qHBsAg visits. We
characterized gHBsAg trajectories and observed markedly
different patterns between the Peg-IFNa-2b add-on group
and the NAs-alone group (Fig. 1).

In the Peg-IFNa-2b add-on group, gHBsAg declined rapidly
after Peg-IFNa-2b initiation. Fitted curves reached the nadir
around 10-12 months, followed by a modest rebound. The
nadir value was 2.48 (95% confidence interval [CI], 2.38-
2.61) log10 IU/mL. In contrast, the NAs-alone group showed a
minimal decline over time, with no apparent change in trajec-
tory across baseline. By month 10, 81/161 patients (50.3%)
had discontinued Peg-IFNa-2b, suggesting that the modest
gHBsAg rebound at approximately 10-12 months may have
temporally coincided with treatment discontinuation.

The number of individuals at risk decreased substantially
after day 500; the tail of the Kaplan-Meier curves became
unstable, and the 95% CIs widened markedly. Therefore, an
administrative truncation at day 500 was applied in the time-
to-event analyses to minimize the impact of sparse data.
Within 500 days, three patients in the Peg-IFNa-2b add-on
group achieved HBsAg <0.05 IU/mL, whereas none in the
NAs-alone group did. The Kaplan-Meier curves did not differ
significantly between groups, although a trend toward high-
er cumulative HBsAg loss was observed in the Peg-IFNa-2b
add-on group (log-rank P = 0.06; Fig. 2).

In this study, Peg-IFNa-2b exposure was associated with
an early decline in gHBsAg followed by a modest rebound,
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Fig. 2. Kaplan-Meier curves of HBsAg loss (Peg-IFNa-2b add-on vs. NAs alone). Green denotes Peg-IFNa-2b add-on, and red denotes NAs alone. Shaded areas
indicate 95% ClIs. The vertical dotted line indicates the administrative truncation point at day 500. The x-axis is displayed up to 1,500 days for visualization; however,
statistical comparisons were administratively truncated at day 500, and data beyond day 500 are presented descriptively without inferential comparison. Numbers at
risk are shown below the plot. The number outside the parentheses represents the number of patients at risk, while the number inside the parentheses represents
the cumulative number of censored patients. The cross marks indicate censoring points. NAs, nucleos(t)ide analogs; Peg-IFNa-2b, pegylated interferon alpha-2b; CI,

confidence interval.

whereas the NAs-alone cohort showed little change over time.
LOESS suggested this pattern, despite the modest sample
size, may help inform clinicians’ treatment decisions and fol-
low-up planning for these patients. A partial rebound in qHB-
sAg after discontinuation of Peg-IFNa-2b has been previously
noted,® although it has seldom been presented as a continu-
ous trajectory. Because only three participants reached the
binary endpoint of HBsAg <0.05 IU/mL, the Kaplan-Meier
analysis primarily summarizes time to HBsAg loss, while
LOESS-based trajectories complement it by providing a more
intuitive view of continuous post-treatment gHBsAg dynam-
ics. Exploratory WBC, PLT, and gHBeAg trajectories are shown
in Supplementary Appendix 5. WBC and PLT declined early af-
ter Peg-IFNa-2b initiation and then gradually recovered, con-
sistent with the expected effects of Peg-IFNa-2b exposure.
The qHBeAg trajectory suggested a more rapid early decline
in the Peg-IFNa-2b add-on group during the first six months
after baseline, although subsequent rates of decline became
broadly comparable between groups. As functional cure regi-
mens are increasingly evaluated in studies with sparse end-
point events, trajectory-based visualization may complement
endpoint-driven analyses by capturing clinically meaningful
on-treatment qHBsAg dynamic features. The small number
of HBsAg loss events limited statistical power and clinical in-
terpretation of this endpoint; therefore, HBsAg loss should be
interpreted cautiously. Alanine aminotransferase (ALT) nor-
malization could not be reliably evaluated because ALT data
were incomplete and were not consistently available at the
prespecified time points, which represents an additional limi-
tation of this real-world analysis.

Peg-IFNa, as a finite-duration immunomodulatory thera-
py, is generally associated with modest qHBsAg reductions,
whereas sustained off-treatment responses occur only in a
proportion of patients.” Mechanistically, Peg-IFNa has been
shown to repress the HBV cccDNA minichromosome via

HDAC3-associated histone modifications, thereby suppress-
ing cccDNA-driven transcription and contributing to gHBsAg
decline.8 In parallel, immunologic mechanisms may reinforce
this on-treatment decrease. Peg-IFNa has been reported to
enhance natural killer cell-mediated inhibition of regulatory
T cells, which is associated with greater qHBsAg decline.®
Moreover, in HBeAg-positive CHB patients receiving Peg-
IFNa, those achieving HBeAg seroconversion exhibited high-
er levels of C-X-C chemokine receptor type 5 (CXCR5)+*CD8*
T cells with a sustained increase during therapy, and CXCR5
expression on CD8* T cells was inversely correlated with
HBsAg levels.1® The modest HBsAg rebound observed after
Peg-IFNa-2b discontinuation may reflect attenuation of in-
terferon-induced transcriptional repression, allowing partial
restoration of low-level transcriptional output from residual
intrahepatic cccDNA reservoirs.1! Notably, precore and ba-
sal core promoter variants have been linked to higher post-
withdrawal relapse risk in HBeAg-positive CHB, although evi-
dence largely comes from NA discontinuation cohorts, raising
the possibility that persistent variant reservoirs could also
modulate post-Peg-IFNa gHBsAg dynamics.12 Compared
with NA monotherapy, interferon-based therapy has been
associated with a lower long-term risk of incident cirrhosis in
real-world cohort studies.!3

Several limitations should be acknowledged though. First,
although PSM improved baseline comparability, this study
remained a real-world observational study with a concur-
rent but non-randomized control cohort and therefore can-
not establish causal relationships. Residual confounding by
indication or unmeasured factors, such as treatment adher-
ence and prior response to NAs, cannot be excluded. Second,
PSM can only account for measured variables included in the
model. Although background NA regimens were summarized
in the Supplementary Materials, baseline ALT data, duration
of prior NA therapy, treatment-switching history, treatment
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adherence, additional markers of liver disease severity, and
HBV genotype were incompletely recorded or not routinely
tested, which may have contributed to residual confound-
ing. Detailed reasons for Peg-IFNa-2b discontinuation were
also not consistently documented, limiting further analysis of
treatment discontinuation patterns. In addition, variable Peg-
IFNa-2b treatment duration may have influenced the gqHBsAg
trajectory shape. Third, the study population was highly se-
lected, including only NA-experienced, HBeAg-positive CHB
patients with baseline HBsAg <3,000 IU/mL. Therefore, our
findings should not be extrapolated to treatment-naive pa-
tients, HBeAg-negative patients, patients with higher baseline
HBsAg levels, or other CHB populations. Future prospective
studies with more complete clinical and virological data are
needed to validate our findings in broader CHB populations.

In summary, among NA-experienced, HBeAg-positive
patients with CHB and baseline HBsAg <3,000 IU/mL, Peg-
IFNa-2b add-on therapy was associated with a rapid early
decline in qHBsAg followed by a modest rebound, whereas
continued NAs alone showed minimal change. Although the
between-group difference in HBsAg loss did not reach statis-
tical significance, a trend toward higher cumulative HBsAg
loss was observed in the Peg-IFNa-2b add-on group. LOESS
trajectories offer an intuitive way to visualize gHBsAg dy-
namics in small real-world cohorts with irregular sampling
and few HBsAg loss events, with potential implications for
treatment and monitoring planning in this subgroup of pa-
tients with CHB.
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