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Purpose: Soluble programmed cell death-1 (sPD-1) level can predict hepatitis B surface antigen (HBsAg) loss in adult chronic 
hepatitis B (CHB) patients. However, whether sPD-1 level can serve as a potential seromarker for predicting HBsAg loss in pediatric 
patients remained to determine.
Patients and Methods: Ninety-two pediatric HBeAg-positive CHB patients who received peginterferon (PegIFN) therapy with 
available serum samples were studied retrospectively. The average follow-up time was 45.0 months. Virological biomarkers and sPD-1 
were serially measured.
Results: A total of 45 (48.9%) children achieved HBsAg loss at the end of treatment (EOT), and 84.4% (38/45) of them remained 
HBsAg-negative at the end of follow-up. At baseline, sPD-1 levels were comparable between patients who subsequently achieved 
HBsAg loss and those who did not (P = 0.217). However, a significantly more pronounced increase in sPD-1 levels was observed 
during PegIFN treatment in the HBsAg loss group (Ptrend < 0.001). Consequently, at weeks 12, 24, and EOT, sPD-1 levels were 
significantly higher in children with HBsAg loss compared to those without (P < 0.001 at all time-points). In ROC curve analysis, 
sPD-1 had strong discriminatory ability for HBsAg loss at weeks 12 and 24, with area under ROC scores of 0.842 (95% CI, 
0.744–0.946) and 0.863 (95% CI, 0.758–0.969), respectively, slightly lower than HBsAg but higher than HBV DNA.
Conclusion: Early on-treatment serum sPD-1 level has a potential predictive value for HBsAg loss in pediatric patients with HBeAg- 
positive CHB, which might provide a clue to optimize the management of PegIFN therapy. However, a prospective, multi-center study 
is warranted for further validation.
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Introduction
Hepatitis B virus (HBV) infection is a worldwide health problem that causes HBV-related morbidity and mortality.1 

Approximately 90% newborns of HBeAg-positive mothers will develop into chronic infections after acute exposure.2 HBsAg 
loss is usually regarded as the resolution of chronic HBV infection. However, spontaneous loss of HBsAg is rarely acquired 
during the long-term follow-up, with an average annual clearance rate of 1% in children and 1.02% in adult with CHB.3,4 

Furthermore, treatment-induced HBsAg loss with currently available antiviral therapy is also uncommon in adult.5 Surprisingly, 
peginterferon (PegIFN), as one of the first-line treatment option for CHB, can yield a relatively high rate of HBsAg loss in 
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children with a finite course.6–8 However, it is costly and may lead to numerous adverse events. Therefore, identifying factors 
predicting HBsAg loss is crucial for improving clinical decision-making around early initiation of PegIFN treatment.

Up to date, there were limited available seromarkers to predict HBsAg loss in pediatric patients undergoing PegIFN 
treatment. Few studies reported that age and HBsAg level were independent predictors of HBsAg loss in pediatric CHB patients 
with interferon-alfa treatment.9,10 However, immunology-related biomarkers are lacking. Recently, a prospective study demon
strated the predictive value of soluble programmed cell death 1 (sPD-1) for HBsAg loss in adult patients with CHB undergoing 
PegIFN-based therapy.11 Given the fundamental immunological differences between pediatric and adult CHB patients, particu
larly in T-cell exhaustion and plasticity,12 biomarker behavior may differ significantly across age groups. Whether sPD-1 level 
can serve as a potential immunology marker for the predictive of HBsAg loss in pediatric patients needs to be determined.

PD-1 is an inhibitory receptor, and interaction with its ligand PD-L1 plays a crucial role in mediating the inhibition of 
T cell activation.13,14 sPD-1 is derived from the splicing of exon 3 of the complete PD-1 sequence, and shows an ability 
of enhancing the specific T cell response through inhibiting the PD-1/PD-L1 pathway.15 The level of sPD-1 has been 
reported to be correlated with the prognosis of HBV infection.16,17 In addition, sPD-1 level plays an important role in 
predicting HBeAg seroclearance in patients with or without treatment and spontaneous HBsAg loss in inactive 
patients.18–20 In the present study, we sought to evaluate the utility of sPD-1 level as a potential predictor for HBsAg 
loss in pediatric patients with CHB, which may enhance clinical decision-making during early PegIFN intervention.

Materials and Methods
Study Population
This is a retrospective study, and all the cases were derived from a real-world study, encompassing children aged 1 to 13 
years. They were continuously enrolled at Nanfang Hospital (Guangzhou, China) between January 2014 and 
August 2021. All of them were HBsAg and HBeAg positive at least 6 months, with 2–10 ULN (the upper limit of 
normal, 40 U/L) ALT levels, and were not receiving any HBV antiviral therapy at the time of enrollment. Exclusion 
criteria included having co-infection with human immunodeficiency or hepatitis C or D virus, or having evidence of liver 
decompensation or hepatocellular carcinoma or other chronic liver disease or autoimmune disease. Generally, children 
received PegIFN treatment for 48 weeks, and the dose was based on the body surface area, in detail, 0.51–0.53 m2, 
45 mg/w; 0.54–0.74 m2, 65 mg/w; 0.75–1.08 m2, 90 mg/w; 1.09–1.51 m2, 135 mg/w; and >1.51 m2, 180 mg/w. All the 
cases were regularly tested serological markers every 12 weeks during the course of PegIFN therapy, and every 
12–24 weeks within 12 months after PegIFN discontinuation, and then every 6–12 months thereafter. Cases who met 
two of the following three items at week 12 or week 24 during the course of PegIFN treatment were defined as non- 
responders, according to the stopping rules established for adults:21,22 (1) HBsAg decreased < 0.5 lg IU/mL, (2) HBeAg 
decreased < 0.5 lg COI, (3) HBV DNA decreased < 1 lg IU/mL. These cases were switched from PegIFN to entecavir 
(ETV) treatment and assigned to the group of without HBsAg loss for analysis. Serum samples were obtained and stored 
at −30°C prior to analysis. Informed consent was obtained from the parents of each child before the initial of treatment. 
This study was conducted according to Declaration of Helsinki guidelines and was approved by the Chinese ethics 
committee of registering clinical trials (ChiECRCT-20140020).

Laboratory Measurements
Serum sPD-1 levels were assessed using a commercially available ELISA kit (MyBiosource), the quantification range of 
which was between 0.2 and 60 ng/mL. The levels of sPD-1 were measured at multiple time points before, during (weeks 
12 and 24) the course and the end of treatment (EOT) with PegIFN, as well as during the follow-up period within 12 
months after PegIFN discontinuation. However, sPD-1 levels were not measured after switching to ETV treatment.

Serum HBV DNA levels were assessed using the TaqMan polymerase chain reaction assay (COBAS TaqMan, Roche 
Molecular System) with a quantification range between 20 IU/mL and 1.7 × 108 IU/mL. Serum HBsAg titers and HBeAg 
levels were detected by chemiluminescent assays (Roche Diagnostics). For quantitative analysis, values beyond the 
defined limit of detection were set to the nearby limit value. The levels of ALT and aspartate aminotransferase (AST) 
were measured locally in accordance with standard procedures.
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Statistical Analysis
HBsAg loss was defined as a negative HBsAg result at EOT of PegIFN therapy. Durable HBsAg loss was defined as 
HBsAg persistently undetectable at the end of follow-up (EOF). HBsAg seroreversion was defined as a positive HBsAg 
result at EOF following HBsAg loss. Data were expressed as the mean ± SE or frequencies (percentages) when 
appropriate. Associations between variables were tested using Chi-square, Mann–Whitney U or Spearman correlation 
when appropriate. The predictive values of the different seromarkers for HBsAg loss during the early initiation of 
PegIFN treatment were summarized using the receiver operating characteristic (ROC) curve analysis. Individuals who 
acquired HBsAg loss were excluded from this analysis. All statistical analyses were performed using the statistical 
software package SPSS (v23.0) (SPSS Chicago, IL). A two-sided P value less than 0.05 was considered significant.

Results
Patient Characteristics
A total of 92 HBeAg-positive pediatric CHB patients with available samples were included in this study. Among them, 
45 (48.9%) patients cleared HBsAg at EOT, while 47 (51.1%) did not. Among the 47 patients without HBsAg loss, 26 
(28.3%) were defined as non-responders according to the stopping rules.

The baseline characteristics of patients with and without HBsAg loss were compared in Table 1. There were no 
differences between groups with regard to sex, HBV genotype, ALT, AST, HBsAg titers and sPD-1 levels. However, 
compared to those without HBsAg loss, children with HBsAg loss had younger age (44.8 ± 4.7 months vs 61.2 ± 5.4 
months; P = 0.008), higher levels of HBeAg (3.01 ± 0.05 lg COI vs 2.55 ± 0.13 lg COI; P = 0.018) and lower levels of 
HBV DNA (7.30 ± 0.12 lg IU/mL vs 7.66 ± 0.11 lg IU/mL; P = 0.026).

Association Between sPD-1 Levels and HBV-Related Laboratory Parameters
Baseline sPD-1 levels did not differ in genotype and sex, and were not associated with baseline age, ALT, AST and 
HBeAg. However, they showed a strongly inverse correlation with HBsAg (r = −0.570, P < 0.001), and HBV DNA (r = 
−0.522, P < 0.001) (Figure 1, Figure S1).

Table 1 Characteristics of Demographic Features for 
Pediatric Patients with and without HBsAg Loss

Variables HBsAg Loss P value

Yes (n=45) No (n=47)

Age (months) 44.8±4.7 61.2±5.4 0.008
Sex 0.672

Male 29 (64.4%) 28 (59.6%)

Female 16 (35.6%) 19 (40.4%)
Genotypea 0.450

B 23 (71.9%) 22 (62.9%)

C 9 (28.1%) 13 (37.1%)
ALT (lg U/L) 2.07±0.04 2.13±0.04 0.444

AST (lg U/L) 2.03±0.03 2.08±0.04 0.548

HBsAg (lg IU/mL) 3.71±0.13 3.92±0.10 0.268
HBeAg (lg COI) 3.01±0.05 2.55±0.13 0.018

HBV DNA (lg IU/mL) 7.30±0.12 7.66±0.11 0.026

sPD-1 (ng/mL) 0.46±0.17 0.21±0.14 0.217

Notes: a Data missing for 25 participants. Data were shown as mean ± SE or 
frequencies (percentages). 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotrans
ferase; HBeAg, Hepatitis B e antigen; HBsAg, Hepatitis B surface antigen; 
HBV, Hepatitis B virus; sPD-1, soluble programmed cell death-1.
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Trajectories of sPD-1 Levels During the PegIFN Treatment
As shown in Figure 2, the mean sPD-1 levels gradually increased during the course of PegIFN treatment in cases with 
HBsAg loss: from 0.46 ng/mL at baseline to 3.52 ng/mL at week 12, to 8.12 ng/mL at week 24, and finally to 15.02 ng/ 
mL at EOT (Ptrend < 0.001). A similar trend was observed in cases without HBsAg loss, though it was less pronounced 
(Ptrend < 0.001).

At baseline, the levels of sPD-1 were comparable in children with or without HBsAg loss (P = 0.152). However, it 
was significantly higher in children with HBsAg loss, compared to those without HBsAg loss at the weeks 12 and 24, as 

Figure 1 Correlations between baseline serum sPD-1 levels and (A) HBsAg (lg IU/mL), (B) HBV DNA (lg IU/mL), (C) HBeAg (lg COI) and (D) Age (months). 
Abbreviations: HBeAg, Hepatitis B e antigen; HBsAg, Hepatitis B surface antigen; HBV, Hepatitis B virus; sPD-1, soluble programmed cell death-1.

Figure 2 Serial serum sPD-1 levels in pediatric patients with and without HBsAg loss at baseline, week 12, week 24 and EOT. 
Abbreviations: EOT, end of treatment; HBsAg, Hepatitis B surface antigen; sPD-1, soluble programmed cell death-1.

https://doi.org/10.2147/ITT.S541485                                                                                                                                                                                                                                                                                                                                                                                                                                                                    ImmunoTargets and Therapy 2025:14 1226

Yang et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



well as at EOT (P < 0.001 for all the three comparisons). Correlation analysis indicated that sPD-1 levels were strong 
negatively associated with HBsAg levels (r = −0.871, P < 0.001; r = −0.810, P < 0.001) and HBV DNA load (r = −0.788, 
P < 0.001; r = −0.726, P < 0.001) at weeks 12 and 24, respectively (Figure 3).

Serum sPD-1 Levels as Predictors of HBsAg Loss During the PegIFN Therapy
To illustrate the predictive value of single biomarker for HBsAg loss, ROC curves analysis was conducted, with sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value (NPV) calculated at optimal cut-offs determined by 
Youden’s index (Table 2). At week 12, sPD-1, HBsAg, and HBV DNA demonstrated strong discriminatory ability, with 
AUROCs of 0.845 (95% CI, 0.744–0.946), 0.881 (95% CI, 0.798–0.965), and 0.782 (95% CI, 0.676–0.899), respectively. sPD-1 

Figure 3 The sPD-1 levels strong inverse correlation with HBsAg and HBV DNA levels at Week 12 and 24, respectively. (A and B) HBsAg (lg IU/mL) and (C and D) HBV 
DNA (lg IU/mL). 
Abbreviations: HBsAg, Hepatitis B surface antigen; HBV, Hepatitis B virus; sPD-1, soluble programmed cell death-1.

Table 2 HBsAg Loss Prediction Was Assessed by sPD-1, HBsAg, HBeAg, and HBV DNA at Baseline, 
12 weeks and 24 weeks of PegIFN Treatment

Analyzed Biomarkers AUROC (95% CI) P value Sensitivity Specificity PPV NPV

Baseline (n=92)

sPD-1 (ng/mL) 0.554 (0.436–0.672) 0.373 63.2% 54.8% 26.7% 85.1%

HBsAg (lg IU/mL) 0.567 (0.450–0.684) 0.269 88.9% 25.5% 53.3% 70.6%
HBeAg (lg COI) 0.644 (0.531–0.757) 0.018 97.8% 31.9% 57.9% 93.8%

HBV DNA (lg IU/mL) 0.632 (0.517–0.748) 0.029 60.0% 68.1% 64.3% 64.0%

12 weeks (n=65)
sPD-1 (ng/mL) 0.845 (0.744–0.946) < 0.001 76.7% 88.6% 85.2% 81.6%

HBsAg (lg IU/mL) 0.881 (0.798–0.965) < 0.001 76.7% 91.4% 88.5% 82.1%

HBeAg (lg COI) 0.530 (0.388–0.671) 0.683 80.0% 40.0% 53.3% 70.0%
HBV DNA (lg IU/mL) 0.782 (0.676–0.899) < 0.001 76.7% 71.4% 69.7% 78.1%

(Continued)
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achieved a sensitivity of 76.7% and specificity of 88.6%, with a PPV of 85.2% and NPV of 81.6%. Similarly, at week 24, sPD-1 
and HBsAg maintained excellent performance, with AUROCs of 0.863 (95% CI, 0.758–0.969) and 0.881 (95% CI, 
0.781–0.981), respectively, both showing identical sensitivity (76.5%), specificity (85.7%), PPV (76.5%), and NPV (85.7%). 
In contrast, HBeAg levels consistently exhibited poor discriminatory ability across all time points, with all AUROC scores ≤ 0.65 
and no significant predictive utility.

Follow-up sPD-1 Levels Predict Durable HBsAg Loss After PegIFN Discontinuation
A total of 85 children who had available data on HBsAg levels entered the long-term observational follow-up study with 
a mean duration of 45.0 months. This included 45 cases with HBsAg loss and 40 cases without HBsAg loss. We found 
that HBsAg loss was durable in 38 out of 45 individuals (84.4%) at EOF, while seven patients (15.6%) experienced 
HBsAg seroreversion. Among the 40 cases without HBsAg loss, 36 cases were switched from PegIFN to ETV treatment, 
and only three of them (8.3%) achieved HBsAg loss.

Except for the 36 individuals with sequential therapy, 87.8% (43/49) had accessible data on serum sPD-1 levels during the 
follow-up period within 12 months after the discontinuation of Peg-IFN. Individuals with durable HBsAg loss had the highest 
sPD-1 levels, followed by patients with HBsAg seroreversion, and then those without HBsAg loss (P = 0.009). Additionally, 
the sPD-1 levels at follow-up were higher than the levels at EOT in patients with durable HBsAg loss (P < 0.001) (Figure S2). 
However, it remained static in patients with HBsAg seroreversion and without HBsAg loss (P = 0.873, P = 0.744, 
respectively). Furthermore, in ROC curve analysis, sPD-1 levels at follow-up proved to be a strong predictor of durable 
HBsAg loss at EOF, achieving an AUROC of 0.804 (95% CI: 0.649–0.959), with a sensitivity of 90.3%, specificity of 66.7%, 
PPV of 87.5%, and NPV of 72.7% (Figure S3).

Discussion
Identification of factors correlated with HBsAg loss in CHB patients received PegIFN intervention has potentially 
important clinical significance informing clinical decision-making. Since HBsAg loss is not easily achieved in CHB 
patients, neither with PegIFN nor nucleos(t)ide analogs (NAs) treatment, previous studies have focus more on factors 
associated with HBsAg decline or HBeAg seroconversion.21–23 Limited data suggested that age and HBsAg levels can 
predict HBsAg loss in pediatric CHB patients with IFN treatment.9,10 In the present study, we explore the sPD-1 levels as 
a predictor of HBsAg loss in pediatric CHB patients with PegIFN intervention. Firstly, we found that the levels of sPD-1 
were significantly higher in children with HBsAg loss than in those without HBsAg loss at all of the analyzed time 
points, except for baseline. Furthermore, serum sPD-1 levels showed a strong negative correlation with HBsAg and HBV 
DNA levels.18,24 Lastly, the levels of sPD-1 could well discriminate cases with and without HBsAg loss around early 
PegIFN intervention. However, no significant difference in baseline sPD-1 levels was observed between patients with and 
without HBsAg loss. These findings indicate that sPD-1 level serves as a dynamic, on-treatment response biomarker to 
guide personalized PegIFN therapy in HBeAg-positive children, rather than as a baseline biomarker. The levels of sPD-1 
could provide early, immunologically relevant feedback during the first 12–24 weeks of treatment, which may optimize 
the risk–benefit ratio of PegIFN therapy by enabling early, data-driven decisions.

Table 2 (Continued). 

Analyzed Biomarkers AUROC (95% CI) P value Sensitivity Specificity PPV NPV

24 weeks (n=45)

sPD-1 (ng/mL) 0.863 (0.758–0.969) < 0.001 76.5% 85.7% 76.5% 85.7%
HBsAg (lg IU/mL) 0.881 (0.781–0.981) < 0.001 76.5% 85.7% 76.5% 85.7%

HBeAg (lg COI) 0.538 (0.367–0.709) 0.673 94.1% 25.0% 43.2% 87.5%

HBV DNA (lg IU/mL) 0.714 (0.565–0.863) 0.017 100.0% 39.3% 50.0% 100.0%

Notes: Patients with achieved HBsAg loss were excluded from the corresponding time point of analysis. 
Abbreviations: AUROC, area under the receiver operating characteristic curve; CI, confidence interval; HBeAg, Hepatitis B e 
antigen; HBsAg, Hepatitis B surface antigen; HBV, Hepatitis B virus; NPV, negative predictive value; PPV, positive predictive value; 
sPD-1, soluble programmed cell death-1.
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Recent data from a study in HBeAg-negative adults demonstrated that during PegIFN-based therapy, both sPD-1 and 
HBsAg levels declined in parallel, with a steeper decrease observed in patients achieving HBsAg loss.11 In striking 
contrast, our study in HBeAg-positive pediatric patients revealed an inverse pattern: while HBsAg levels decreased as 
expected, sPD-1 levels increased progressively throughout treatment, particularly in those who achieved HBsAg loss. 
This discrepancy might be due to the fundamental differences in immune context between pediatric and adult CHB. 
Children with CHB typically harbor a less exhausted HBV-specific T-cell compartment,25 characterized by lower 
baseline expression of membrane-bound PD-1. PegIFN therapy in this setting appears to activate and expand functional 
T-cell responses, which in turn drives increased transcription and shedding of sPD-1, a soluble decoy that may further 
amplify immune reconstitution by blocking PD-1/PD-L1 inhibitory signals.26 In contrast, adults in the referenced study 
had long-standing infection and, critically, had received NAs therapy for over a year prior to PegIFN initiation. Prolonged 
antigen exposure in adults leads to profound T-cell exhaustion and high baseline PD-1 expression.27,28 NAs pretreatment 
may partially restore T-cell function and downregulate PD-1 expression,29 including its soluble form, resulting in the 
observed decline in sPD-1 during subsequent PegIFN therapy. Thus, the divergent sPD-1 trajectories do not represent 
conflicting findings, but may rather highlight that sPD-1 dynamics are context-dependent, shaped by age, HBeAg status, 
prior antiviral exposure, and the baseline degree of T-cell exhaustion. In pediatric patients with preserved immune 
plasticity, rising sPD-1 serves as a biomarker of successful immune activation; in adults with exhausted immunity and 
NAs pretreatment, falling sPD-1 may reflect partial immune restoration.

A previous study showed that lower HBsAg levels and young children were correlated with a higher rate of HBsAg 
loss in patients receiving IFN treatment,10 and our analysis confirmed these findings. Quantification of HBsAg has been 
regarded as an important marker of viral control, and has been reported to associate with the covalently closed circular 
DNA (cccDNA) levels in HBeAg-positive individuals.4,30 What’s more, as reported that IFN might have direct effects on 
the stability or transcription of cccDNA in vitro.31 Therefore, it was reasonable to observe that quantitative HBsAg could 
predict HBsAg loss in our study. In addition, we also found HBV-DNA alone could offer a good prediction of HBsAg 
loss. We speculated this might be due to the fact that a relatively low levels of HBV DNA integration and clonal 
hepatocyte expansion in children with HBeAg-positive CHB, resulting in a good association between HBsAg and HBV 
DNA levels, as reported in acute hepatitis.32,33

Several important limitations warrant acknowledgment. First, this was a retrospective, single-center study, which 
inherently limits the generalizability of our findings. Additionally, due to early discontinuation of PegIFN in non- 
responders (per protocol-defined stopping rules), serial sPD-1 measurements were incomplete for a subset of patients. 
This may introduce selection bias and limits our ability to fully characterize sPD-1 kinetics across all response 
trajectories. Consequently, our observations regarding the association between on-treatment sPD-1 dynamics and 
HBsAg loss require validation in prospective, multi-center cohorts. Second, while our data suggest a strong correlation 
between rising sPD-1 levels and HBsAg loss, we did not perform mechanistic immunological assays (eg, HBV-specific 
T-cell profiling) to directly link sPD-1 to immune reconstitution. Future studies should integrate immune monitoring to 
elucidate the precise biological mechanisms by which sPD-1 contributes to viral control. Third, baseline imbalances 
existed between responders and non-responders in key variables, including age, HBeAg titer, and HBV DNA level, 
which may act as confounders. Although these factors are themselves known predictors of response, their uneven 
distribution underscores the need for multivariate modeling or matched-cohort designs in future investigations to isolate 
the independent predictive value of sPD-1.

Conclusion
Our findings suggest that sPD-1 may serve as a dynamic, on-treatment immunological biomarker for predicting HBsAg 
loss in pediatric patients with HBeAg-positive CHB receiving PegIFN therapy, rather than as a static baseline predictor. 
However, these results require validation in prospective, multi-center studies before clinical implementation.
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