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Abstract
Background  A multivariate predictive model was constructed using baseline and 12-week clinical data to evaluate 
the rate of clearance of hepatitis B surface antigen (HBsAg) at the 48-week mark in patients diagnosed with chronic 
hepatitis B who are receiving treatment with pegylated interferon α (PEG-INFα).

Methods  The study cohort comprised CHB patients who received pegylated interferon treatment at Mengchao 
Hepatobiliary Hospital, Fujian Medical University, between January 2019 and April 2024. Predictor variables were 
identified (LASSO), followed by multivariate analysis and logistic regression analysis. Subsequently, predictive models 
were developed via logistic regression, random forest (RF), gradient boosting decision tree (GBDT), extreme gradient 
boosting (XGBoost), and support vector machine (SVM) algorithms. The efficacy of these models was assessed 
through various performance metrics, including the area under the receiver operating characteristic curve (AUC), 
sensitivity, specificity, and F1 score.

Results  This study included a total of 224 individuals diagnosed with chronic hepatitis B. The variables baseline 
log2(HBsAg), gender, age, neutrophil count at week 12, HBsAg decline rate at week 12, and HBcAb at week 12 
were closely associated with functional cure and were included in the predictive model. In the validation term, the 
logistic regression model had an AUC of 0.858, which was better than that of the other machine learning models 
(AUC = 0.858,F1 = 0.753). Consequently, this model was selected for the development of the predictive tool.
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Background
Hepatitis B virus (HBV) is a DNA virus that targets the 
liver. It converts relaxed circular DNA into covalently 
closed circular DNA (cccDNA) within the nucleus of 
host liver cells through DNA repair processes. The for-
mation of cccDNA is essential for the persistence of 
chronic infections. This condition has the potential to 
lead to severe hepatic disorders, including cirrhosis, 
hepatocellular carcinoma, and hepatic failure. Currently, 
HBV affects 296 million people worldwide, and each year, 
at least 820,000 individuals die from severe liver diseases 
[1].

The implementation of effective antiviral therapy for 
HBV is crucial for preventing the progression of liver 
disease. Presently, the optimal therapeutic objective cen-
ters on the eradication of HBsAg, a scenario designated a 
“functional cure” [2, 3].

Current antiviral drugs for hepatitis B primarily include 
nucleoos(t)ide analog(NA) viral DNA polymerase inhibi-
tors and pegylated interferon alpha(PEG-INFα) [4, 5]. 
Nucleos(t)ide analogs (NAs) help reduce HBV replication 
but do not effectively target covalently closed circular 
DNA (cccDNA) or sufficiently restore the host antiviral 
immune response against HBV [6, 7]. As a result, it is dif-
ficult to achieve a significant decrease in HBsAg levels 
[8], and after treatment, it is common for viral activity to 
return, leading to liver damage [9, 10]. In contrast, indi-
viduals who respond well to pegylated interferon alpha 
therapy usually experience a decrease in HBsAg levels 
[11], after treatment ends, those receiving interferon-
based therapies may show increased rates of HBsAg 
elimination over time [12, 13]. Pegylated interferon is 
effective for treatment, but its use is limited. This is due 
to several factors: the potential for harmful side effects, 
the high cost, and the need for subcutaneous injections 
[14]. Only a subset of patients receiving interferon ther-
apy achieve a functional cure. Because of its drawbacks, 
it is important to predict early in treatment whether a 
patient will benefit from therapy.

Research indicates that factors as ALT fluctuation, 
HBsAg levels, intrahepatic cccDNA, HBV DNA, and 
genetic polymorphisms can help predict the likelihood of 
achieving a functional cure [15–18]. These studies often 
concentrate on individual parameters, which limits their 
predictive ability. They may also include markers that are 
challenging to use in clinical and primary care settings 
because of technical limitations or costs.

Machine learning is becoming a valuable tool for iden-
tifying factors that affect how CHB patients respond to 
treatment [19]. Researchers aim to improve the accu-
racy of HBsAg clearance predictions by developing 
predictive models that utilize large datasets from clini-
cal populations and include various demographic and 
clinical parameters. This approach is especially relevant 
because of the multiple factors that contribute to CHB 
and the significant differences in how patients respond to 
treatment.

We developed a predictive model based on read-
ily available clinical laboratory indicators. This model 
can be used as early as 12 weeks to estimate the likeli-
hood of chronic hepatitis B (CHB) patients achieving a 
functional cure with pegylated interferon. We analyzed 
various clinical factors and their correlations with treat-
ment response, with the goal of constructing a machine 
learning model that accurately predicts HBsAg clear-
ance in CHB patients. This model is expected to provide 
clinicians with a more effective tool for personalizing 
treatment strategies and improving patient outcomes in 
managing chronic hepatitis B.

Study subjects
This research conducted a retrospective analysis involv-
ing 224 patients diagnosed with chronic hepatitis B, all 
of whom underwent PEG-INFα therapy at Mengchao 
Hepatobiliary Hospital, Fujian Medical University, from 
January 2019 to April 2024. The inclusion criteria were 
patients with chronic hepatitis B who had been positive 
for HBsAg for at least 6 months and who had undergone 
prior treatment with nucleoside or nucleotide analog 
antiviral agents, including entecavir, tenofovir, and teno-
fovir alafenamide. The patient’s treatment regimen was 
based on PEG-IFNα combination therapy. The exclu-
sion criteria were: coinfection with hepatitis C, human 
immunodeficiency virus (HIV), decompensated cirrho-
sis, or liver tumors; and central neutrophil counts less 
than 1.0 × 109/L or platelet counts less than 50 × 109/L. 
In addition, those with concurrent psychiatric disor-
ders, thyroid dysfunction, or autoimmune diseases were 
included. This study was approved by the Ethics Commit-
tee of Mengchao Hepatobiliary Hospital, Fujian Medical 
University, and all patients who underwent treatment 
provided signed informed consent.

The dataset was divided randomly at an 80:20 ratio to 
form a training term and a validation term.

Conclusions  The combined use of the baseline log2(HBsAg) value, HBsAg decline rate at week 12, gender, neutrophil 
count at week 12, and age can serve as a foundational predicting model for anticipating the clearance of HBsAg in 
individuals with chronic hepatitis B who are receiving PEG-INFα therapy.

Keywords  Chronic hepatitis B, Functional cure, Prediction model, Baseline log2(HBsAg), HBsAg decline rate at week 
12
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Follow-up
Patients were administered a weekly subcutaneous injec-
tion of 180 µg of PEG-IFNα and were monitored over a 
period of 48 weeks. During this follow-up, assessments 
of liver function, as well as levels of hepatitis B surface 
antibody (HBsAb), hepatitis B e antigen (HBeAg), hepa-
titis B e antibody (HBeAb), hepatitis B core antibody 
(HBcAb), and complete blood count, were conducted 
approximately every 12 weeks. Those who showed a loss 
of HBsAg at any point during treatment or at week 48 
were classified as responders (R), whereas those who did 
not show a negative conversion were classified as nonre-
sponders (NRs).

Statistical analysis and model establishment
Statistical evaluations were executed via the SPSS soft-
ware package, version 26.0 (IBM Corp., Armonk, NY, 
USA). For quantitative metrics, means accompanied by 
standard deviations were utilized to depict data adher-
ing to a normal distribution, whereas medians alongside 
interquartile ranges were employed for data deviating 
from normality. Comparative analyses between continu-
ous variables were performed via Student’s t test for nor-
mally distributed datasets. When the data failed to meet 
the assumptions of a normal distribution, nonparametric 
tests, including the Mann-Whitney U test and the Wil-
coxon signed-rank test, were utilized. Categorical vari-
ables are expressed as frequencies and proportions, and 
contrasts among these variables were gauged via the chi-
squared (χ²) test or Fisher’s exact test, contingent upon 
the fulfillment of test requirements. Univariate analysis 
was conducted via logistic regression, followed by step-
wise regression analysis on basis of the the results of the 
univariate analysis. We investigated the issue of collinear-
ity among the predictors to ensure the robustness and 
interpretability of our model. In the process of building 
the model, we first screened the predictive variables via 
Lasso analysis and then constructed a conventional logis-
tic regression model grounded in the chosen predictive 
variables. Additionally, we built predictive models via 
four machine learning algorithms: random forest (RF), 

extreme gradient boosting (XGBoost), gradient boost-
ing decision trees (GBDT), and support vector machines 
(SVMs). We evaluated the models’ performance via met-
rics such as the area under the curve (AUC), sensitivity, 
specificity, accuracy, recall, and F1 score. Calibration 
curves, decision curves, and receiver operating charac-
teristic (ROC) curves were used to determine the clinical 
utility of the logistic regression model. Finally, the best-
performing model was chosen to construct a nomogram. 
A p value < 0.05 was considered statistically significant in 
all the statistical analyses.

Results
Among the 224 patients who participated in the study, 57 
cleared HBsAg by week 48 of treatment and follow-up. 
This resulted in a clearance rate of 25.45%. The group sta-
tistics were as follows: 132 individuals had HBsAg ≤ 1500 
IU/ml, 103 had HBsAg ≤ 1000 IU/ml, 74 had HBsAg ≤ 500 
IU/ml, and 36 had HBsAg ≤ 100 IU/ml. In these groups, 
51, 47, 38, and 23 individuals achieved HBsAg clearance, 
resulting in clearance rates of 38.63%, 45.63%, 51.35%, 
and 63.89%, respectively.

The training term included 179 cases, including 139 
male and 40 female subjects, with an average age of 36.9 
years. Notably, 44 of these patients demonstrated HBsAg 
clearance. Statistically significant differences (p < 0.05) 
were observed in the baseline log2HBsAg data when the 
responder group was compared with the nonresponder 
group. The validation term consisted of 45 patients, with 
an average age of 39.3 years, including 32 males and 13 
females. Notably, 13 patients exhibited HBsAg clearance. 
Detailed information can be found in Table 1.

Univariate analysis related to HBsAg clearance
In the training term, univariate analysis of baseline data 
and follow-up examination indicators at week 12 revealed 
that baseline log2 (HBsAg) (p < 0.001) and HBsAb at week 
12 (p = 0.039) were associated with HBsAg clearance 
(Table 2).

Table 1  Training term clinical data baseline table
Variables Total (n = 179) NR (n = 135) R (n = 44) P
ALT(IU/L), M (Q₁, Q₃) 27.00 (20.00, 32.00) 27.00 (21.50, 31.00) 25.00 (17.00, 32.75) Z=-0.84 0.401
AST(IU/L), M (Q₁, Q₃) 25.00 (21.00, 30.76) 26.00 (21.00, 30.76) 25.00 (19.75, 30.76) Z=-0.84 0.399
log2HBsAg(log2 IU/ml)
M (Q₁, Q₃)

10.17 (8.08, 11.52) 10.67 (9.55, 11.64) 7.84 (4.29, 9.42) Z=-5.79 < 0.001

HBsAb(S/CO), M (Q₁, Q₃) 0.35 (0.00, 1.32) 0.29 (0.00, 1.12) 0.45 (0.07, 1.91) Z=-1.53 0.127
HBeAg(S/CO), M (Q₁, Q₃) 0.06 (0.01, 0.80) 0.15 (0.01, 0.98) 0.03 (0.01, 0.36) Z=-1.11 0.265
GGT(U/L), M (Q₁, Q₃) 22.00 (16.00, 34.00) 23.00 (17.00, 34.00) 19.50 (15.75, 32.50) Z=-0.83 0.404
ALP(U/L), M (Q₁, Q₃) 75.00 (64.50, 91.50) 76.00 (65.00, 89.00) 73.00 (64.00, 99.00) Z=-0.06 0.952
Gender(n), M (Q₁, Q₃) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (0.00, 1.00) Z=-1.73 0.084
Z: Mann-Whitney test, M: Median, Q₁: 1st Quartile, Q₃: 3st Quartile, ALT: alanine aminotransferase, AST: aspartate Transaminase, GGT: gamma-glutamyl transferase, 
ALP: alkaline phosphatase, HBsAg: baseline Hepatitis B Surface Antigen, HBcAb: Hepatitis B Core Antibody, HBeAg: Hepatitis B e Antigen
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Predictor selection
Lasso analysis was conducted using baseline and week 
12 clinical indicators. The results indicated that the log-
arithm of the optimal lambda value was 12 (see Fig.  1). 

Therefore, we selected 12 variables as potential predic-
tors for further analysis, namely gender, age, baseline 
ALT, baseline log2 (HBsAg), HBsAg decline rate at week 
12 ((HBsAg at week 12 minus baseline HBsAg) divided 
by baseline HBsAg), HBsAb at week 12, HBeAg at week 
12, HBcAb at week 12, HBV DNA at week 12, neutro-
phil count at week 12, lymphocyte count at week 12, 
and LMR12 (the lymphocyte-to-monocyte ratio at week 
12). Binary logistic regression analysis (stepwise forward 
method) was subsequently with the functional cure as 
the target event (yes = 1, no = 0). The results showed that 
gender, age, baseline log2 (HBsAg), HBsAg decline rate 
at week 12, and HBcAb at week 12 were selected for the 
final model. Although the neutrophil count at week 12 
had a p-value > 0.05 in the stepwise regression analysis, it 
was still included in the model because of its clinical sig-
nificance and p value of 0.057 in the univariate analysis. 
The variance inflation factor (VIF) values for all the pre-
dictors were found to be below 10 (refer to Table 3), sug-
gesting the absence of significant multicollinearity among 
the predictor variables.

Model construction and validation
The six aforementioned variables were utilized in the 
construction of the machine learning models. The valida-
tion phase was employed to assess the predictive perfor-
mance of the models that had been previously developed. 
The machine learning algorithm categorizes patients 
who achieve functional cure as the positive class and 
those who do not achieve functional cure as the nega-
tive class. In the logistic regression analysis, the predic-
tive model demonstrated a sensitivity of 0.889 (with a 
95% confidence interval of 0.836–0.942) and a specificity 
of 0.750 (with a 95% confidence interval of 0.622–0.878) 
in the training term. The model’s discriminative abil-
ity was assessed via receiver operating characteristic 
(ROC) curves, with an area under the curve (AUC) of 
0.862 (0.789–0.936) in the training term. The analysis of 
the calibration curve indicated close alignment with the 
ideal diagonal line, whereas the decision curve analysis 

Table 2  Univariate analysis of clinical data from the training 
term regarding HBsAg clearance
Variables β S.E Z P OR (95%CI)
Gender
  male
  female -0.67 0.39 -1.72 0.086 0.51 (0.24 ~ 1.10)
Baseline HBVDNA
  ≤500
  >500 0.12 0.61 0.20 0.845 1.13 (0.34 ~ 3.74)
HBVDNA at week 12
  ≤500
  >500 0.74 0.93 0.80 0.426 2.10 (0.34 ~ 12.96)
HBeAb at week 12
  ≤25
  >25 0.22 0.39 0.57 0.569 1.25 (0.59 ~ 2.65)
HBcAb at week 12
  ≤25
  >25 -0.78 0.38 -2.06 0.039 0.46 (0.22 ~ 0.96)
Age -0.02 0.02 -1.34 0.179 0.98 (0.94 ~ 1.01)
Baseline ALT -0.01 0.01 -0.67 0.501 0.99 (0.97 ~ 1.01)
Baseline AST -0.03 0.02 -1.22 0.223 0.97 (0.93 ~ 1.02)
Baseline log2(HBsAg) -0.36 0.07 -5.19 < 0.001 0.70 (0.61 ~ 0.80)
Baseline HBeAg 0.00 0.00 0.14 0.889 1.00 (1.00 ~ 1.00)
Baseline GGT 0.00 0.00 0.35 0.727 1.00 (0.99 ~ 1.01)
Baseline ALP 0.00 0.00 0.59 0.552 1.00 (0.99 ~ 1.01)
ALT at week 12 0.00 0.00 0.42 0.677 1.00 (1.00 ~ 1.01)
AST at week 12 0.00 0.00 0.27 0.789 1.00 (1.00 ~ 1.01)
HBsAg decline
rare at week 12

-0.02 0.05 -0.47 0.640 0.98 (0.89 ~ 1.07)

N at week 12 -0.50 0.26 -1.90 0.057 0.61 (0.36 ~ 1.01)
PLT at week 12 -0.01 0.00 -1.34 0.180 0.99 (0.99 ~ 1.00)
Lym at week 12 -0.67 0.45 -1.49 0.137 0.51 (0.21 ~ 1.24)
GGT at week 12 0.00 0.00 0.13 0.898 1.00 (0.99 ~ 1.01)
ALP at week 12 0.00 0.00 0.74 0.459 1.00 (0.99 ~ 1.01)
OR: Odds Ratio, CI: Confidence Interval; N:nertrophil; PLT: platelets; Lym: 
lymphocytes

Fig. 1  Least absolute shrinkage and selection operator(LASSO)analysis was conducted to identify potential predictors

 



Page 5 of 10Ye et al. Virology Journal          (2024) 21:333 

revealed a notable enhancement in net benefit dur-
ing the training phase (see Fig.  2A-C). In the validation 
term, the model’s ROC curve (Fig.  2D) had an AUC of 
0.858(0.736–0.980), with a sensitivity of 0.750 (0.600–
0.900) and specificity of 0.769(0.540–0.998). The calibra-
tion curve (Fig. 2E) and decision curve (Fig. 2F) analysis 

results also indicated that the model had good predictive 
performance.

Table 4 presents the performance metrics related to the 
predictive capabilities of the four machine learning algo-
rithms evaluated within the validation term. SVM had 
the highest specificity of 0.775, whereas logistic analysis 

Table 3  Logistic regression analysis for predictors
Variables β S.E Z P OR (95%CI) VIF
Intercept 9.42 1.97 4.78 < 0.001 12352.87

(259.49 ~ 588055.83)
Gender 1.078
  male
  female -1.49 0.54 -2.78 0.006 0.23 (0.08 ~ 0.65)
Age -0.07 0.03 -2.35 0.019 0.93 (0.88 ~ 0.99) 1.027
Baseline log2(HBsAg) -0.55 0.10 -5.59 < 0.001 0.58 (0.47 ~ 0.70) 1.106
HBsAg decline rate at week 12 -0.11 0.06 -1.74 0.082 0.90 (0.80 ~ 1.01) 1.095
HBcAb at week 12 1.046
  ≤25
  >25 -1.28 0.50 -2.57 0.010 0.28 (0.11 ~ 0.74)
N at week 12 -0.62 0.35 -1.78 0.074 0.54 (0.27 ~ 1.06) 1.017
OR: Odds Ratio, CI: Confidence Interval

Table 4  Model performance of the five algorithms in the validation term
Models sensitivity specificity precision recall F1score AUC
XGBoost 1 0.077 0.727 1 0.842 0.842
RF 0.969 0.077 0.721 0.969 0.827 0.523
GBDT 1 0.1538 0.744 1 0.853 0.762
SVM 0.800 0.775 0.308 0.800 0.444 0.709
Logsistic regression 0.750 0.769 0.756 0.750 0.753 0.858

Fig. 2  A-C: Training performance; D-F: Validation performance of logistic regression
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achieved the highest accuracy of 0.756. The F1 score, 
which reflects the model’s positive predictive capability 
calculated from precision and recall, reached a maximum 
of 0.853 in our models. Additionally, the logistic model 
had the highest AUC of 0.858. On the basis of a compre-
hensive evaluation of predictive performance, we chose 
the logistic model as the predictive model. The probabil-
ity of HBsAg clearance was calculated via the following 
equation: p = 9.42 − 1.49×gender − 0.07×age − 0.55×base-
line log2(HBsAg) − 0.11×HBsAg decline rate at week 
12 − 1.28×HBcAb at week 12 − 0.62×neutrophil count at 
week 12. This probability is then visualized via a nomo-
gram (Fig. 3).

We computed the SHapley additive exPlanations 
(SHAP) values for every predictor, as depicted in Fig. 4. 
A more substantial predictor shape signifies a more 
significant impact on the model. Therefore, we priori-
tized the importance of the predictors within the model 
in the following order: baseline log2(HBsAg), rate of 
HBsAg decline at week 12, neutrophil count at week 12, 
HBcAb at week 12, gender, and age. The correspond-
ing SHAP values for each predictor are as follows: base-
line log2(HBsAg) (-0.456), HBsAg decline rate at week 
(-0.342), neutrophil count at week 12 (-0.178), HBcAb at 
week 12 (-0.175), gender (-0.089), and age (-0.065).

Discussion
The aim of antiviral treatment for chronic hepatitis B 
virus infection is to slow disease progression and reduce 
the risk of liver cancer and cirrhosis [20–22]. The ideal 
endpoint of antiviral treatment for CHB is to achieve 
lasting clearance of HBsAg, which improves long-term 
health outcomes. However, HBsAg clearance occurs 
in only 3% of patients treated with pegylated inter-
feron alpha, 7% treated with pegylated interferon beta, 
2% treated with entecavir, and 3% treated with tenofo-
vir [23–27]. In patients receiving antiviral therapy with 
nucleoside analogs and pegylated interferon, the clear-
ance rate of surface antigens ranges from 8.7–37.4% [28, 
29]. It is crucial to find an effective antiviral strategy that 
involves both choosing the right treatment regimens and 
determining the appropriate timing for their use [30]. We 
evaluated HBsAg clearance rates through a 48-week fol-
low-up of patients and identified potential predictors of 
treatment response via both traditional statistical meth-
ods and advanced machine learning algorithms. Our 
study significantly advances our understanding of predic-
tive factors influencing the response to PEG-INFα treat-
ment in CHB patients. This highlights that both baseline 
and dynamic changes in HBsAg are critical predictors of 
achieving a functional cure. We enhanced the robustness 

Fig. 3  Nomogram for functional cure. HBcAb12:HBcAb at week 12;log2HBsAg0: baseline log2(HBsAg); HBsAgR: HBsAg decline rate at week 12;N12: neu-
trophil count at week 12
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of our predictive model via LASSO and several machine 
learning algorithms. The factors in this model are easily 
obtained in clinical settings and can effectively predict 
early treatment outcomes. This enables the recogni-
tion of patients who could gain advantages from PEG-
INFα, which in turn optimizes treatment strategies and 
resource allocation.

This study revealed that 38.63% of patients with HBsAg 
titers less than 1500 IU/ml achieved surface antigen 
clearance after receiving PEG-INFα antiviral treat-
ment. As the surface antigen titer decreases, the occur-
rence rate of surface antigen seroconversion gradually 
increases. When the HBsAg titer falls below 100 IU/
ml, the percentage at which surface antigens are cleared 
can reach as high as 63.89%. Most current studies indi-
cate that baseline HBsAg significantly influences HBsAg 
clearance posttreatment. However, some patients with 
HBsAg levels less than 1500 IU/mL, regarded as a favor-
able group, still do not achieve HBsAg clearance after 
pegylated interferon therapy. To address this issue, this 
study develops a predictive model for HBsAg clearance 
on the basis of six easily obtainable parameters. These six 
factors are baseline log2(HBsAg), the HBsAg decline rate 

at week 12, the neutrophil count at week 12, age, HBcAb 
at week 12, and gender.

Our findings align with those of previous studies, indi-
cating that lower baseline log2 (HBsAg) values lead to 
improved antiviral treatment effectiveness and HBsAg 
clearance [29, 31]. When the HBsAg level is less than 100, 
the HBsAg clearance rate can reach up to 77% [32]. A 
study analyzed the expression of 67 genes related to the 
innate immune pathway in liver tissue from 105 untreated 
chronic hepatitis B (CHB) patients. The findings indi-
cated that, in comparison with those in healthy control 
subjects, genes associated with antiviral effects and those 
stimulated by interferon were notably downregulated in 
the livers of patients with CHB. The expression of some 
of these genes is negatively correlated with HBsAg levels, 
suggesting that in patients with high HBsAg levels, the 
innate immunity within the livers of patients with CHB 
is significantly compromised [33]. Additionally, studies 
have shown that HBsAg can suppress the expression of 
interferon-stimulating factors in NK cells, inhibiting their 
response to cGAMP [34]. In patients with chronic hepa-
titis B, HBsAg has the capacity to directly induce func-
tional deficits in bone marrow-derived dendritic cells. 

Fig. 4  SHAP value based on predictors. HBcAb12:HBcAb at week 12;log2HBsAg0:baseline log2(HBsAg); HBsAgR: HBsAg decline rate at week 12;N12: 
neutrophil count at week 12
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This phenomenon is considered as a plausible mecha-
nism underlying the immune evasion associated with 
HBV [35].These studies suggest that high titers of HBsAg 
are associated with persistent HBV infection.

Additionally, we found that the HBsAg decrease rate at 
week 12 and HBsAb level at week 12 serve as predictive 
markers for HBsAg clearance at week 48. These study’s 
results are consistent with those of previous studies, 
indicating that a decrease in HBsAg and HBcAb levels at 
week 12 is associated with HBsAg clearance [23, 36, 37]. 
The results of persistent hepatitis B virus (HBV) infection 
and the effectiveness of antiviral treatment are signifi-
cantly influenced by the interactions between the virus 
and the host [13]. Our study revealed that neutrophil 
counts at week 12 are associated with HBsAg clearance. 
Currently, while a reduction in neutrophils during PEG-
INFα treatment is known to be related to the side effects 
of interferon, the specific mechanisms related to immune 
regulation in hepatitis B virus (HBV) infection are not 
clear. Several studies have indicated that HBV affects 
mitochondrial metabolism within immune cells and 
that inflammatory responses in the liver during antiviral 
treatment may lead to a reduction in neutrophil counts 
[23]. Furthermore, our findings suggest that older adults 
and male subjects exhibit a reduced likelihood of attain-
ing a functional cure, a conclusion that is corroborated 
by additional research [38, 39].

Nevertheless, this study has several limitations. The 
retrospective design inherently limits the ability to 
establish causation, and the utilization of a single-center 
methodology may limit the applicability of our results to 
diverse populations. Additionally, despite the promising 
predictive capabilities of our models, the sample size may 
not be sufficient to capture the full spectrum of patient 
variability, particularly in diverse populations. Future 
studies should aim to validate these findings in larger, 
multicenter cohorts and explore additional variables that 
may influence treatment outcomes, such as genetic fac-
tors [18]. By overcoming these constraints, future investi-
gations can lead to a more refined comprehension of the 
elements that affect the effectiveness of hepatitis B treat-
ments, ultimately paving the way for enhanced treatment 
protocols and improved patient care.

Conclusions
In summary, this research effectively identified multiple 
factors linked to the clearance of HBsAg in patients with 
chronic hepatitis B (CHB) receiving PEG-INFα treat-
ment. Our findings underscore the critical role of base-
line clinical parameters and early response indicators in 
predicting treatment outcomes when both traditional 
logistic regression and advanced machine learning algo-
rithms are utilized. The logistic regression model dem-
onstrated favorable predictive performance, as evidenced 

by its favorable AUC values and clinical utility metrics, 
thereby offering a valuable tool for tailoring individu-
alized treatment strategies. Subsequent investigations 
should prioritize the confirmation of these findings in 
larger and more heterogeneous populations, in addition 
to examining other biological variables that could pro-
vide deeper insights into the intricate nature of treatment 
responses in CHB patients. Such efforts will ultimately 
enhance patient management and improve therapeutic 
outcomes in this challenging clinical context.
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