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Abstract

Background and Aims: The impact of baseline liver fibrosis 
severity on the effectiveness of pegylated interferon (Peg-
IFN) combined with nucleos(t)ide analogs (NAs) in the treat-
ment of hepatitis B e antigen (HBeAg)-positive chronic hepa-
titis B (CHB) has not been fully clarified. This study aimed 
to investigate whether the effectiveness of this combination 
therapy differed according to the severity of baseline liver 
fibrosis. Methods: A total of 172 HBeAg-positive CHB pa-
tients receiving Peg-IFN plus NAs were stratified according to 
non-invasive fibrosis markers (aspartate aminotransferase-
to-platelet ratio index [APRI] and fibrosis-4 index [FIB-4]) 
into three groups: no significant fibrosis (n = 75), signifi-
cant fibrosis (n = 70), and advanced fibrosis/cirrhosis (n = 
27). The primary outcome was the HBeAg clearance rate at 
24 months of treatment. Secondary outcomes included the 
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hepatitis B surface antigen (HBsAg) clearance rate, the rate 
of HBsAg level decline > 1.0 log10, virological response, and 
improvement in non-invasive fibrosis indices. Results: At 24 
months, HBsAg clearance and complete virological response 
rates were comparable across the three groups. Cumulative 
HBeAg clearance rates differed significantly (log-rank P = 
0.027): 16.00%, 30.00%, and 40.74% in the three groups, 
respectively, with Group 3 higher than Groups 1 and 2. Mul-
tivariate analysis identified a significantly higher likelihood 
of HBeAg clearance in Group 3 versus Group 1 (adjusted 
odds ratio = 6.373, 95% confidence interval: 1.288–31.531, 
P = 0.023). Additionally, analysis of liver fibrosis outcomes 
showed that patients with more severe baseline fibrosis had 
a higher proportion of improvement in non-invasive fibrosis 
indices, with 95.00% in Group 3, while 42.98% of the overall 

cohort achieved fibrosis improvement. Conclusions: Base-
line fibrosis severity is associated with higher HBeAg clear-
ance and greater improvement in non-invasive fibrosis indi-
ces during Peg-IFN plus NAs therapy in HBeAg-positive CHB.
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Introduction
Chronic hepatitis B virus (HBV) infection is a major global 
public health challenge. Worldwide, an estimated 254 million 
people are living with chronic HBV infection, leading to more 
than 800,000 deaths each year from related complications 
such as cirrhosis and hepatocellular carcinoma (HCC), ac-
cording to World Health Organization estimates.1 In China, 
the burden of chronic hepatitis B (CHB) is particularly heavy. 
Therefore, optimizing treatment strategies to improve the 
long-term prognosis of patients has always been a core goal 
in clinical practice and research.

For patients with hepatitis B e antigen (HBeAg)-positive 
CHB, HBeAg seroconversion represents an important inter-
mediate treatment endpoint, linked to improved liver histol-
ogy and a reduction in long-term hepatic risks such as cir-
rhosis and HCC.2 The impact of different antiviral agents on 
clinical outcomes (e.g., HCC incidence) varies.3 Currently, the 
combination of pegylated interferon (Peg-IFN) and nucleos(t)
ide analogs (NAs), by synergistically exerting immunomodu-
latory and potent antiviral effects, has become an important 
strategy in pursuit of clinical cure, such as hepatitis B surface 
antigen (HBsAg) clearance.4–7 However, the clinical response 
to this regimen shows significant individual heterogeneity, 
and the influencing factors need to be further elucidated.

Baseline liver fibrosis stage is a core indicator reflecting 
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long-term liver damage and pathological remodeling. The 
formation of liver fibrosis involves not only the activation of 
hepatic stellate cells but also the participation of various im-
mune cells such as macrophages, natural killer cells, T lym-
phocytes, and B lymphocytes through complex intercellular 
communication, collectively regulating the progression or 
regression of fibrosis.8 This dynamic immune microenviron-
ment may directly affect the body’s response efficiency to 
subsequent antiviral therapy, especially therapies primarily 
based on immune modulation. Currently, non-invasive fibro-
sis assessment indices such as aspartate aminotransferase-
to-platelet ratio index (APRI) and fibrosis-4 index (FIB-4) are 
widely used in clinical research and patient stratification due 
to their convenience and good reproducibility.9–11 Previous 
studies have indicated that Peg-IFN may have unique ad-
vantages in delaying or even reversing liver fibrosis,12 and 
patients with advanced fibrosis who have lower liver stiff-
ness measurement values early in treatment show more sig-
nificant fibrosis improvement.13 Moreover, sustained antiviral 
therapy helps reduce the risk of cirrhosis in HBeAg-negative 
CHB patients.14 However, these studies mostly focus on fi-
brosis regression itself or lack refined stratification based on 
baseline fibrosis severity.

Currently, there is a lack of systematic evidence regarding 
the direct impact of different baseline liver fibrosis severities 
(especially those distinguished by APRI/FIB-4 as no signifi-
cant fibrosis, significant fibrosis, and early cirrhosis) on the 
effectiveness of the Peg-IFN combined with NAs regimen in 
treating HBeAg-positive CHB patients. Clarifying this associa-
tion is crucial for identifying optimal patient populations, pre-
dicting treatment responses, and formulating individualized 
strategies in clinical practice.

Therefore, this retrospective cohort study aimed to stratify 
HBeAg-positive CHB patients according to baseline APRI and 
FIB-4 indices and to compare the effectiveness of Peg-IFN 
plus NAs across different fibrosis stages, particularly regarding 
HBeAg clearance and liver fibrosis regression, thereby provid-
ing evidence to guide individualized treatment strategies.

Methods
We conducted a retrospective cohort study of HBeAg-positive 
CHB patients who initiated Peg-IFNα plus NAs therapy at Bei-
jing Ditan Hospital, Capital Medical University, from January 
2022 to December 2023. Patients with missing baseline data 
or substantial missing dynamic data during treatment were 
excluded from the analysis. The treatment regimen consisted 
of Peg-IFNα (180 µg/weekly) combined with either tenofovir 
disoproxil fumarate or tenofovir alafenamide, with treatment 
duration varying according to clinical response and tolerance.

Inclusion and exclusion criteria
Inclusion criteria: (1) Age 18–65 years; (2) diagnosis of CHB 
(2019 guideline); (3) HBsAg and HBeAg positivity > 6 months; 
(4) treatment with Peg-IFNα + NAs. Exclusion criteria: (1) 
HCV/HDV/HIV co-infection; (2) decompensated cirrhosis or 
HCC; (3) autoimmune or alcoholic liver disease; (4) pregnan-
cy or lactation; (5) severe cardiac or renal dysfunction.

Grouping criteria and evaluation indicators
We stratified patients into three groups according to their 
baseline non-invasive fibrosis indices. To ensure rigorous 
classification, clinical fibrosis stages were defined based on 
established cutoff values for APRI and FIB-4, which have 
been validated in CHB patients against liver biopsy and are 
widely applied in clinical studies for fibrosis assessment.15,16 

It should be emphasized that these groupings represent 
study-specific, non-invasive stratification for comparative 
analyses of treatment response and do not correspond to 
histological fibrosis stages. “No significant fibrosis” (Stage A) 
corresponded to APRI ≤ 0.5 and FIB-4 ≤ 1.45; “Significant 
fibrosis” (Stage B) corresponded to APRI 0.5–1.5 or FIB-4 
1.45–3.25; and the “Advanced fibrosis/cirrhosis” (Stage C) 
corresponded to APRI > 1.5 or FIB-4 > 3.25. In cases of dis-
cordance between the two indices, patients were assigned to 
the group corresponding to the higher fibrosis stage. Conse-
quently, the cohort was divided into: Group 1 (no significant 
fibrosis, n = 75); Group 2 (significant fibrosis, n = 70); and 
Group 3 (advanced fibrosis/cirrhosis, n = 27).

Because APRI and FIB-4 incorporate alanine aminotrans-
ferase (ALT), higher baseline ALT in Group 3 could overesti-
mate fibrosis and affect virological outcomes such as HBeAg 
clearance. To account for this, baseline ALT was included as 
a covariate in all multivariate analyses evaluating treatment 
response. Fibrosis outcomes were interpreted in conjunction 
with ALT and aspartate aminotransferase (AST) levels to en-
sure accurate classification.

The primary outcome was the HBeAg clearance rate at 24 
months of treatment. Secondary outcomes included HBeAg 
seroconversion, defined as loss of HBeAg with the appear-
ance of anti-HBe antibodies; the rate of HBsAg decline > 
1.0 log10 IU/mL; HBsAg clearance rate; virological response 
(HBV DNA < 20 IU/mL); and liver fibrosis outcomes.

For the assessment of fibrosis outcomes, dynamic chang-
es were evaluated in 114 patients who had discontinued in-
terferon treatment for at least 3 months at the time of the 
month 24 assessment. Changes were determined by com-
paring the predefined fibrosis stages (Stage A, B, or C) at 
baseline versus month 24. Outcomes were categorized into 
three grades: Progression, defined as an increase in fibro-
sis stage (e.g., from Stage A to B/C, or B to C); Stable, no 
change in fibrosis stage; Improvement, a decrease in fibrosis 
stage (e.g., from Stage C to B/A, or B to A).

Statistical methods
All data were analyzed using SPSS software (version 25.0). 
Continuous data are presented as mean ± standard devia-
tion or median (interquartile range, IQR), with intergroup dif-
ferences assessed by one-way ANOVA or the Kruskal–Wallis 
H test, respectively. Categorical data, expressed as number 
(percentage), were compared using the χ2 test or Fisher’s 
exact test. Independent predictors of HBeAg clearance were 
identified via multivariate logistic regression. Baseline ALT 
was additionally included as a covariate in the multivariate 
model, even though its association with HBeAg clearance 
was not significant in univariate analysis (P > 0.1), to ac-
count for its potential confounding effect. The Kaplan–Meier 
method was used to estimate cumulative HBeAg clearance 
rates over the 24-month follow-up. The event was defined 
as confirmed HBeAg loss during follow-up. Since all patients 
completed 24 months of observation, no censoring was re-
quired. Groups were compared using the log-rank test. Sta-
tistical significance was set at P < 0.05.

Sensitivity analysis
Considering that some patients might not complete the full 
course of treatment due to intolerance or other reasons, a 
sensitivity analysis was conducted. We restricted the analysis 
to patients who received interferon therapy for ≥6 months (n 
= 150) to evaluate whether the main conclusions remained 
robust in this subgroup of patients who completed a mini-
mum treatment duration. The baseline characteristics, ef-
ficacy evaluations, and statistical analysis methods in this 
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subgroup were consistent with those in the full analysis set 
(n = 172). Multivariate analyses adjusting for baseline ALT 
were also performed in this subgroup to confirm the robust-
ness of the main findings.

Results

Baseline characteristics of the study population
A total of 172 patients who completed 24 months of treat-
ment follow-up were included in the final analysis. This cohort 
consisted of 95 males (55.23%) and 77 females (44.77%), 
with a mean age of 39.05 ± 8.29 years. Regarding treat-
ment history, there were 91 treatment-naive patients and 
81 treatment-experienced patients. Among them, 35 pa-
tients received tenofovir disoproxil fumarate combined with 
Peg-IFNα, while 137 patients received tenofovir alafenamide 
combined with Peg-IFNα. Peg-IFNα treatment durations var-
ied from 1 to 24 months, with 150 patients receiving treat-
ment for more than 6 months. Their baseline characteristics 
are summarized in Table 1.

Based on baseline APRI and FIB-4 indices, the patients 
were categorized into three groups: Group 1 (no significant 
fibrosis, n = 75), Group 2 (significant fibrosis, n = 70), and 
Group 3 (advanced fibrosis/cirrhosis, n = 27). As shown in 
Figure 1 and Table 1, there were no significant differenc-
es among the three groups in age or sex distribution (P > 
0.05). Additionally, no significant differences were observed 
in baseline HBsAg levels, HBeAg levels, or the proportion of 
patients with HBsAg < 1,500 IU/mL across groups. However, 
compared with Group 1, patients in Group 2 and Group 3 had 
significantly higher baseline ALT and AST levels and signifi-
cantly lower platelet (PLT) counts (all P < 0.05). In addition, 
the proportion of treatment-naive patients and HBV DNA-
positive patients was higher in the advanced fibrosis/cirrho-
sis, indicating potential baseline imbalance across groups.

Comparison of antiviral treatment effectiveness 
among different fibrosis groups at 12 and 24 months
After 24 months of antiviral treatment, all patients showed 
a continuous decline in HBsAg levels, indicating a positive 
effect of the treatment regimen on suppressing HBsAg. As 
shown in Figure 2, Table 2, and Supplementary Table 1, HB-
sAg levels in Group 2 were significantly lower than those in 
Group 1 at both 12 and 24 months of treatment (P < 0.05). 
Furthermore, the proportion of patients in Group 2 achieving 
an HBsAg decline > 1.0 log10 within 12 months was signifi-
cantly higher than that in Group 1 (P < 0.01). Nevertheless, 
there were no notable differences among the three groups 
regarding the rate of HBsAg clearance or the rate of unde-
tectable HBV DNA.

Regarding HBeAg serological response, differences in 
HBeAg clearance rates were observed among the three 
groups at both 12 and 24 months. At 12 months, the HBeAg 
clearance rates for Group 1, Group 2, and Group 3 were 
5.48% (4/73), 14.71% (10/68), and 29.63% (8/27), re-
spectively. Group 3 exhibited a significantly higher clearance 
rate compared with Group 1 (P = 0.006). At 24 months, the 
HBeAg clearance rates were 16.00% (12/75) for Group 1, 
30.00% (21/70) for Group 2, and 40.74% (11/27) for Group 
3. Both Group 2 and Group 3 showed significantly higher 
HBeAg clearance rates compared with Group 1 (P = 0.022).

In addition, HBeAg seroconversion rates were analyzed 
and summarized in Table 2. At 12 months, seroconversion 
occurred in 10.96% of patients in Group 1, 10.29% in Group 
2, and 25.93% in Group 3, with a trend toward higher se-
roconversion in patients with more advanced fibrosis, al-

though the difference did not reach statistical significance (P 
= 0.097). At 24 months, seroconversion rates were 14.67%, 
11.43%, and 18.52% in Groups 1, 2, and 3, respectively (P 
= 0.647). These results indicate that while HBeAg clearance 
is significantly influenced by baseline fibrosis severity, HBeAg 
seroconversion rates showed a trend but did not reach sta-
tistical significance.

Subgroup analysis according to treatment history
Subgroup analyses were conducted in treatment-naive and 
treatment-experienced patients (Supplementary Table 2).

In treatment-naive patients, HBeAg clearance at 24 
months tended to increase with baseline fibrosis severity: 
15.15% (no significant fibrosis), 23.68% (significant fibro-
sis), and 35.0% (advanced fibrosis/cirrhosis). HBeAg sero-
conversion was low across groups (13%–25%), while HBsAg 
decline > 1.0 log10 IU/mL was highest in the significant fi-
brosis group. HBsAg clearance was comparable across fibro-
sis groups. The proportions of patients with HBV DNA < 20 
IU/mL at baseline and at month 24 were similar among the 
three fibrosis groups, indicating comparable virological re-
sponses within this subgroup.

In treatment-experienced patients, similar trends were ob-
served: HBeAg clearance increased from 19.05% to 57.14% 
with fibrosis severity, HBeAg seroconversion remained low, 
HBsAg decline showed a trend with fibrosis severity, and HB-
sAg clearance was similar across groups. Within these pa-
tients, the rates of HBV DNA < 20 IU/mL at baseline and at 
month 24 were also comparable among fibrosis groups, sug-
gesting consistent virological responses across fibrosis strata.

Overall, trends in both subgroups were broadly consistent 
with the total cohort (Table 2), indicating that baseline fibro-
sis severity was associated with HBeAg and HBsAg respons-
es, while HBV DNA suppression remained similar across fi-
brosis groups regardless of prior treatment history.

Univariate regression analysis of factors influencing 
HBeAg clearance at 24 months of treatment
Univariate logistic regression analysis was performed to de-
termine which clinical factors predicted HBeAg clearance at 
24 months of treatment. As shown in Supplementary Table 
3, several baseline and on-treatment indicators were signifi-
cantly associated with HBeAg clearance (P < 0.1) and were 
subsequently identified as candidates for multivariable anal-
ysis. It is important to note that neither treatment history 
(naive vs. experienced, P = 0.426) nor baseline ALT (P = 
0.310) or AST (P = 0.490) levels showed a statistically sig-
nificant association with HBeAg clearance in this cohort.

Baseline factors: Patients with more severe liver fibrosis 
had a higher likelihood of achieving HBeAg clearance. The 
odds ratios (ORs) in Group 2 and Group 3 were 2.249 (95% 
confidence interval [CI]: 1.009–5.015) and 3.609 (95% CI: 
1.348–9.667) times that of Group 1, respectively. Patients 
with baseline HBsAg < 1,500 IU/mL had a 3.261-fold higher 
likelihood of clearance than those with HBsAg ≥ 1,500 IU/
mL (95% CI: 1.579–6.732). A lower baseline HBeAg lev-
el (OR = 0.999, 95% CI: 0.998–1.000) was favorable for 
HBeAg clearance.

Dynamic on-treatment indicators: Lower HBeAg levels at 
months 3, 6, 9, and 12 were all associated with a higher 
likelihood of HBeAg clearance at 24 months (all P < 0.05). 
Higher APRI at month 3 (OR = 1.140, P = 0.085) and month 
9 (OR = 1.271, P = 0.070) showed marginally significant 
associations with increased clearance probability. Patients 
who achieved HBeAg clearance by month 12 had a signifi-
cantly higher probability of maintaining it at month 24 (OR 
= 53.478, 95% CI: 11.694–244.567). HBsAg clearance at 
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month 12 was also a strong predictor of HBeAg clearance at 
24 months (OR = 13.158, 95% CI: 1.427–121.292).

In summary, more severe baseline liver fibrosis, lower 
baseline viral antigen levels, rapid early decline in HBeAg 
during treatment, and achieving HBeAg or HBsAg clearance 
by month 12 were favorable predictive factors for HBeAg 
clearance at 24 months.

Multivariate analysis of factors influencing HBeAg 
clearance at 24 months of treatment
To further identify independent predictive factors for HBeAg 
clearance, a multivariate logistic regression analysis was 
performed incorporating variables including baseline HBsAg 
grouping, APRI value at month 3, HBeAg level at month 6, 
and baseline fibrosis grouping. Baseline ALT was included as 

a covariate to account for potential confounding (due to only 
44 patients achieving HBeAg clearance, no additional vari-
ables were included to avoid overfitting). The overall good-
ness-of-fit of the model was Nagelkerke R2 = 0.224.

As shown in Figure 3 and Supplementary Table 4, after 
adjusting for other factors, baseline fibrosis severity and 
the HBeAg level at month 6 of treatment were identified as 
independent predictors of HBeAg clearance at 24 months 
(both P < 0.05). Specifically, compared with Group 1, the 
OR for achieving HBeAg clearance in Group 3 was 6.373 
(95% CI: 1.288–31.531, P = 0.023), indicating that more 
severe baseline fibrosis is an independent favorable factor 
for HBeAg clearance. For each 1 signal-to-cutoff ratio (S/
CO) decrease in HBeAg level at month 6, the OR for HBeAg 
clearance increased correspondingly (OR = 0.997, 95% CI: 

Fig. 1.  Baseline non-invasive fibrosis indices and aminotransferase levels among different fibrosis groups. (A) Baseline APRI and FIB-4 values among the 
three fibrosis groups. (B) Baseline ALT and AST levels among the three fibrosis groups. Group 1, no significant fibrosis; Group 2, significant fibrosis; Group 3, advanced 
fibrosis/cirrhosis group. ***P < 0.001. APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis-4 index; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; U/L, units per liter.

Fig. 2.  Comparison of therapeutic effects among different fibrosis groups at 12 and 24 months of antiviral treatment. (A) HBsAg levels at months 12 
and 24. (B) HBeAg levels at months 12 and 24. (C) HBeAg status at month 12. (D) HBeAg status at month 24. (E) HBsAg decline at month 24. Group 1, no significant 
fibrosis; Group 2, significant fibrosis; Group 3, advanced fibrosis/cirrhosis group. *P < 0.05; **P < 0.01. The y-axes in panels A and B are shown with breaks. HBsAg, 
hepatitis B surface antigen; HBeAg, hepatitis B e antigen; IU/mL, international units per milliliter; S/CO, signal-to-cutoff ratio; ns, not significant.
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0.995–0.999, P = 0.017), demonstrating that the rate of 
early HBeAg decline during treatment is significantly asso-
ciated with long-term HBeAg clearance. The other included 
variables, namely baseline HBsAg < 1,500 IU/mL, baseline 
ALT, and APRI at month 3, were not independently predictive 
in the multivariate analysis (P > 0.05).

In summary, baseline liver fibrosis severity (particularly 
early cirrhosis) and HBeAg level at month 6 of treatment 
are independent predictive factors for HBeAg clearance at 24 
months during Peg-IFN combined with NAs therapy.

Cumulative incidence of HBeAg clearance in patients 
with different fibrosis groups

Based on the results of the multivariate logistic regression 

analysis, to further validate the predictive role of baseline liv-
er fibrosis severity on HBeAg clearance, we compared the cu-
mulative incidence of HBeAg clearance during the 24-month 
treatment period among different fibrosis groups. As shown 
in Figure 4 and Supplementary Table 5, the HBeAg clearance 
rate exhibited an increasing trend with worsening fibrosis se-
verity: Group 1 (no significant fibrosis) was 16.00% (12/75), 
Group 2 (significant fibrosis) was 30.00% (21/70), and Group 
3 (advanced fibrosis/cirrhosis) was 40.74% (11/27). Group 2 
and Group 3 both showed significantly higher clearance rates 
compared with Group 1 (P = 0.049 and P = 0.009, respec-
tively). The median clearance time for all three groups was 
24 months. These results further confirm that baseline liver 
fibrosis severity is an important predictive factor for HBeAg 
clearance under Peg-IFNα combined with NAs therapy, with 

Fig. 3.  Factors associated with HBeAg serological clearance in multivariate logistic regression analysis. The forest plot shows the odds ratios and 95% 
confidence intervals for factors associated with HBeAg clearance. Orange markers indicate statistically significant associations. P < 0.05 was considered statistically sig-
nificant. HBeAg, hepatitis B e antigen; OR, odds ratio; CI, confidence interval; ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; IU/mL, international 
units per milliliter; APRI, aspartate aminotransferase-to-platelet ratio index; Ref., reference.

Table 2.  Serological response rates at months 12 and 24 by fibrosis stage

Outcome Time point Group 1 
n/N (%)

Group 2 
n/N (%)

Group 3 
n/N (%) Total n/N (%) P

HBeAg clearance Month 12 4/73 (5.48) 10/68 (14.71) 8/27 (29.63) 22/168 (13.10) 0.006

Month 24 12/75 (16.00) 21/70 (30.00) 11/27 (40.74) 44/172 (25.58) 0.022

HBeAg seroconversion Month 12 8/73 (10.96) 7/68 (10.29) 7/27 (25.93) 22/168 (13.10) 0.097

Month 24 11/75 (14.67) 8/70 (11.43) 5/27 (18.52) 24/172 (13.95) 0.647

HBsAg decline > 1.0 log10 Month 12 9/74 (12.16) 17/67 (25.37) 6/27 (22.22) 32/168 (19.05) 0.123

Month 24 12/75 (16.00) 26/70 (37.14) 7/27 (25.93) 45/172 (26.16) 0.015

HBsAg clearance Month 12 1/74 (1.35) 3/67 (4.48) 1/27 (3.70) 5/168 (2.98) 0.536

Month 24 4/75 (5.33) 7/70 (10.00) 2/27 (7.41) 13/172 (7.56) 0.568

Virological response 
(HBV DNA < 20 IU/mL)

Month 12 14/28 (50.00) 21/37 (56.76) 11/19 (57.89) 46/84 (54.76) 0.822

Month 24 21/30 (70.00) 35/41 (85.37) 17/21 (80.95) 73/92 (79.35) 0.281

*P < 0.05; **P < 0.01. HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV DNA, hepatitis B virus deoxyribonucleic acid; IU/mL, international units 
per milliliter.

Table 3.  Fibrosis outcomes at 24 months of antiviral therapy by baseline fibrosis group

Change in fibrosis stage Group 1 
n (%)

Group 2 
n (%)

Group 3 
n (%) Total n (%) χ2 P

Progression 9 (19.15) 4 (8.51) 0 (0.00) 13 (11.40) 65.99 0.001**

Stable 38 (80.85) 13 (27.66) 1 (5.00) 52 (45.61) 65.99 0.001**

Improvement 0 (0.00) 30 (63.83) 19 (95.00) 49 (42.98) 65.99 0.001**

Total patients assessed 47 47 20 114 65.99 0.001**

**P < 0.01. Change in non-invasive fibrosis stage from baseline to month 24 was categorized as Progression (increase in fibrosis stage), Stable (no change), or Im-
provement (decrease in fibrosis stage).
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patients having more severe fibrosis demonstrating a higher 
cumulative probability of clearance.

Fibrosis outcomes at 24 months of treatment, strati-
fied by baseline fibrosis group
According to the fibrosis outcome assessment at 24 months 
of treatment (definition detailed in the Methods section), 
the distribution of outcomes differed significantly among pa-
tients with different baseline non-invasive fibrosis stratifica-
tion groups (χ2 = 65.99, P < 0.01), as shown in Figure 5 
and Table 3. Most patients in Group 1 (no significant fibro-
sis) remained stable (80.85%), while 19.15% experienced 
fibrosis progression. In Group 2 (significant fibrosis), 63.83% 
achieved fibrosis improvement, and 27.66% remained sta-
ble. Notably, the regression proportion reached 95.00% in 
Group 3 (advanced fibrosis/cirrhosis). Overall, 42.98% of 
the entire cohort achieved regression, and 45.61% remained 
stable. These results suggest that the treatment regimen 
was associated with improvement in liver fibrosis indices, 
with patients having more severe baseline fibrosis showing a 
higher likelihood of improvement.

Dynamic monitoring of key non-invasive fibrosis indices 
(APRI and FIB-4) and liver function parameters further sup-
ported these findings. As shown in Supplementary Table 6, 
although significant differences existed in baseline APRI, FIB-
4, ALT, AST, and PLT levels among the three groups (all P < 
0.01), these parameters showed a trend toward improve-
ment over the treatment course. By month 24, the differ-
ences between groups for all these indicators were no longer 
statistically significant (all P > 0.05).This dynamic change 
corroborates the fibrosis outcome results, collectively dem-
onstrating the overall effectiveness of antiviral therapy in im-
proving liver inflammation and fibrosis.

Sensitivity analysis results
To validate the robustness of the primary findings, a sensitiv-
ity analysis was conducted on 150 patients who completed at 
least 6 months of Peg-IFNα treatment. As provided in Sup-
plementary Tables 7 and 8, the trend of the primary outcome 

(HBeAg clearance rate at 24 months of treatment) across 
different fibrosis groups in this subgroup remained consist-
ent with the full analysis set (n = 172): Group 1,18.84% 
(original result, 16.00%); Group 2, 28.81% (original result, 
30.00%); Group 3, 45.45% (original result, 40.74%). The 
statistical significance of intergroup comparisons and the 
conclusion that “baseline fibrosis severity” served as an in-
dependent predictive factor in the multivariate analysis re-
mained unchanged. These findings demonstrate that the 
study’s primary conclusions regarding the impact of baseline 
fibrosis severity on the effectiveness of the combination ther-
apy regimen hold even after excluding patients with shorter 
treatment durations, further supporting the reliability of the 
conclusions. The treatment was generally well tolerated, 
with most adverse events being mild or moderate, includ-
ing flu-like symptoms, transient hematologic abnormalities 
(decreased white blood cells, neutrophils, and PLTs), liver 
enzyme elevations (ALT/AST), and thyroid function changes. 
Importantly, no patients in the advanced fibrosis/cirrhosis 
progressed to decompensated cirrhosis during follow-up.

Discussion
To evaluate how baseline liver fibrosis severity affects treat-
ment effectiveness, we conducted a retrospective study of 
HBeAg-positive CHB patients receiving Peg-IFNα plus NAs. 
The primary findings indicate that baseline liver fibrosis se-
verity is associated with HBeAg clearance at 24 months of 
treatment, with higher HBeAg clearance rates and improve-
ment in non-invasive fibrosis indices observed in patients 
with more advanced fibrosis. These results have important 
implications for optimizing clinical treatment strategies while 
emphasizing that APRI and FIB-4 improvements reflect non-
invasive biochemical and structural changes rather than di-
rect histological reversal.

Accumulating evidence in recent years has shown that 
Peg-IFN-based regimens—whether used as initial combina-
tion therapy with NAs for treatment-naive patients17 or as 
an add-on/switch strategy for NA-experienced patients18—
can markedly improve serological outcomes, notably rates 
of HBeAg and HBsAg clearance. This study further found 

Fig. 4.  Cumulative incidence of HBeAg clearance in patients with differ-
ent fibrosis groups. Cumulative HBeAg clearance rates during 24 months of 
antiviral treatment were compared among the three fibrosis groups. Group 1, 
no significant fibrosis; Group 2, significant fibrosis; Group 3, advanced fibrosis/
cirrhosis group. HBeAg, hepatitis B e antigen.

Fig. 5.  Liver fibrosis outcomes at 24 months in patients stratified by 
baseline APRI/FIB-4 indices. Fibrosis outcomes were assessed based on 
changes in non-invasive fibrosis indices. Group 1, no significant fibrosis; Group 
2, significant fibrosis; Group 3, advanced fibrosis/cirrhosis group. Numbers 
within the bars indicate the number of patients with fibrosis improvement/total 
number of patients assessed. APRI, aspartate aminotransferase-to-platelet ratio 
index; FIB-4, fibrosis-4 index.
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that patients with significant fibrosis or an advanced fibro-
sis/cirrhosis at baseline had significantly higher 24-month 
HBeAg clearance rates (30.00% and 40.74%, respectively) 
compared with those without significant fibrosis (16.00%), 
with clearance rates showing an increasing trend corre-
sponding to fibrosis severity. Compared with monotherapy, 
Peg-IFN-based combination regimens demonstrate superior 
long-term benefits in HBeAg-positive CHB patients, including 
reduced risk of cirrhosis and enhanced serological respons-
es.19,20 Previous studies have also confirmed that Peg-IFN 
treatment reduces liver necroinflammation in HBeAg-positive 
CHB patients, with fibrosis improvement observed particu-
larly in responders.21

We speculate that the underlying mechanism may be com-
plex. A potential concern is that the superior response in the 
advanced fibrosis/cirrhosis might be influenced by confound-
ing factors, such as higher baseline ALT levels or a higher 
proportion of treatment-naive patients, which are tradition-
ally associated with better clinical outcomes. However, in our 
univariate analysis, neither baseline ALT nor treatment his-
tory demonstrated a statistically significant association with 
HBeAg clearance. Furthermore, baseline ALT was included as 
a covariate in multivariate analyses, allowing us to account 
for its potential confounding effect while confirming that fibro-
sis stage itself contributes to predicting treatment response.

These observations suggest that the favorable effective-
ness in patients with advanced fibrosis may not be solely 
attributable to elevated baseline inflammation or treatment 
status. Instead, it is possible that fibrosis stage itself—poten-
tially reflecting a distinct intrahepatic immune microenviron-
ment—plays a role in predicting treatment response. More 
significant fibrosis is often accompanied by specific immune 
responses.22 Peg-IFNα, as an immunomodulator, may more 
effectively stimulate and synergize with pre-existing antiviral 
immunity in such an already immunologically active micro-
environment, thereby promoting HBeAg clearance more effi-
ciently. Furthermore, alterations in the intrahepatic microen-
vironment during fibrogenesis, such as extracellular matrix 
remodeling and cytokine network changes, may influence 
immune cell recruitment and function and the cellular envi-
ronment for viral replication and antigen expression, allowing 
the combination therapy to exert unique immunomodulatory 
and antiviral effects in more fibrotic livers.22

Notably, although significant differences in HBeAg clear-
ance rates were observed among fibrosis groups, no statisti-
cally significant differences were found in HBsAg clearance 
rates or complete HBV DNA suppression rates. Similarly, 
HBeAg seroconversion rates remained low across all groups 
and did not differ significantly, although the trends mirrored 
those of HBeAg clearance. This suggests that baseline fibro-
sis severity may primarily influence the immune clearance 
phase against HBV (manifested as HBeAg clearance), while 
having a relatively limited impact on direct antiviral suppres-
sion dominated by NAs. HBsAg clearance, as a marker of 
more complete immune control, may require longer observa-
tion periods or be governed by other host or viral factors. In-
terestingly, patients in the significant fibrosis group exhibited 
a more pronounced HBsAg decline and a higher proportion 
of early rapid decline (>1.0 log10) during treatment, which 
may reflect additional suppression of surface antigen produc-
tion due to the immunologically activated state in this group. 
However, this did not ultimately translate into higher HBsAg 
clearance rates, and the specific mechanisms warrant further 
investigation.

Another key finding is that the combination therapy effec-
tively promoted improvement in non-invasive fibrosis indi-
ces, with the benefit positively correlating with baseline fibro-

sis severity. The proportion of fibrosis improvement reached 
95.00% in the advanced fibrosis/cirrhosis and 63.83% in the 
significant fibrosis group. Interpretation requires caution, as 
APRI and FIB-4 incorporate aminotransferase levels (AST/
ALT); the rapid decline—especially in the advanced fibrosis/
cirrhosis—likely reflects both resolution of hepatic necroin-
flammation and potential structural regression. Patients with 
higher baseline inflammation may experience faster nor-
malization of transaminases, driving a rapid mathematical 
reduction in these indices. While histological confirmation re-
mains the gold standard, APRI and FIB-4 are recommended 
by World Health Organization and European Association for 
the Study of the Liver for longitudinal monitoring in resource-
limited settings.23,24 Therefore, we used these indices to 
evaluate overall liver health improvement (biochemical plus 
structural), not to claim histological reversal.

Despite the composite nature of these indices, the ob-
served improvements have significant clinical value. For 
patients with HBV-related compensated cirrhosis, finite Peg-
IFNα therapy remains feasible and safe.25 No patients in the 
advanced fibrosis/cirrhosis developed decompensated events 
during follow-up, supporting the safety of therapy. The “re-
gression” observed here—viewed as a holistic improvement 
in liver health encompassing both anti-inflammatory and 
antifibrotic components—is closely associated with reduced 
long-term clinical risks, such as hepatic decompensation and 
HCC.26 Dynamic monitoring data further corroborated this, 
showing that although baseline liver function and fibrosis in-
dices differed among the three groups, ALT, AST, APRI, and 
FIB-4 levels in all groups tended to improve by month 24, 
with intergroup differences disappearing. This confirms that 
for patients with advanced fibrosis, the therapy confers dual 
benefits: alleviating necroinflammation and promoting struc-
tural remodeling, thereby modifying the disease trajectory.

The findings of this study have direct relevance for clinical 
practice. Peg-IFNα combination therapy can be considered 
for eligible HBeAg-positive CHB patients, even in the pres-
ence of significant fibrosis or advanced fibrosis/cirrhosis. On 
the contrary, these patients may represent a potentially ad-
vantaged population that can derive dual benefits from high-
er HBeAg clearance rates and improvements in non-invasive 
fibrosis indices. Previous studies also indicate that Peg-IFN is 
effective and safe in HBeAg-positive patients with advanced 
fibrosis; although some patients may not achieve sustained 
response, individuals with compensated advanced fibrosis or 
cirrhosis should not be excluded from Peg-IFN treatment.27 
This provides new evidence for developing individualized 
treatment strategies based on baseline fibrosis severity.

This study has certain limitations. Primarily, as a single-
center retrospective investigation, it may be susceptible to 
selection bias. Secondly, liver fibrosis staging relied on non-
invasive indices such as APRI and FIB-4, which, although 
widely used clinically, are less accurate than liver histol-
ogy. Furthermore, details such as specific interferon dose 
adjustments and reasons for discontinuation during treat-
ment were not fully incorporated into the analysis. Despite 
these limitations, this retrospective analysis provides novel 
evidence that baseline liver fibrosis severity may predict a 
more favorable response to Peg-IFNα plus NAs combination 
therapy in a specific patient population. Future studies are 
required to confirm these findings and explore the underlying 
biological mechanisms.

Conclusions
This study demonstrates that baseline liver fibrosis severity 
is a key independent factor in predicting treatment response 
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to Peg-IFNα plus NAs in patients with HBeAg-positive CHB. 
Patients with more advanced fibrosis achieved higher rates 
of HBeAg clearance and substantial improvements in non-
invasive fibrosis indices. The robustness of these primary 
conclusions was supported by sensitivity analyses. These 
results suggest that baseline fibrosis assessment has clini-
cal value in optimizing patient selection for Peg-IFN-based 
combination therapy. Future prospective, multicenter studies 
with long-term follow-up and incorporation of histological or 
multi-omics approaches are warranted to validate these find-
ings and elucidate the underlying mechanisms.
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