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Abstract

Introduction: Prediction of HBeAg loss is crucial for understanding the prognosis of chronic hepatitis B (CHB) and determining when to
discontinue treatment. We aimed to identify factors predicting HBeAg clearance in patients undergoing antiviral treatment for HBeAg-positive
CHB

Methodology: This retrospective study included patients who started antiviral treatment for HBeAg-positive CHB from January 1, 2008, to
December 31, 2022, with at least one year of follow-up. We evaluated age, platelet count, treatment duration, ALT x Upper limit of normal
(ULN), AST x ULN, AST/ALT ratio, Albumin-Bilirubin grade (ALBI), Platelet-Albumin-Bilirubin grade (PALBI), AST-Platelet ratio index
(APRI), and Fibrosis-4 (FIB-4) parameters. ROC analysis was used to assess these parameters' ability to predict HBeAg loss.

Results: Ninety-four patients were included, 43 (45.7%) of whom were female. HBeAg clearance occurred in 32 (34%) patients. Treatment
duration was significantly longer in patients with HBeAg clearance (p = 0.003). Patients with HBeAg clearance had significantly higher median
age, fibrosis score (FS), APRI, and FIB-4 values (p = 0.028, p = 0.024, p = 0.008, and p = 0.003, respectively) and lower mean platelet count
(p=10.010) at treatment initiation. ROC analysis identified age, FS, APRI, FIB-4, and platelet count as significant predictors, with APRI having
the highest area under the curve (AUC = 0.771, p = 0.007, sensitivity 65%, specificity 66.7% for the cut-off value of 0.71).

Conclusions: This study highlights the potential of FIB-4, platelet count, and particularly APRI in predicting HBeAg clearance. These findings

can aid clinicians in optimizing treatment strategies and improving patient outcomes.
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Introduction

Chronic hepatitis B (CHB) remains a major global
health concern, affecting an estimated 254 million
people worldwide in the year 2022 and causing over one
million new infections each year [1]. The persistent
nature of CHB is particularly concerning due to its
association with severe liver-related complications,
including cirrhosis, hepatocellular carcinoma, and even
death. Antiviral therapy has been identified as a crucial
intervention to prevent these complications, effectively
reducing viral load, halting disease progression, and
improving survival outcomes [2,3]. However, these
benefits often come with the necessity for prolonged or
even lifelong treatment, raising the question of when, if
ever, it is appropriate to discontinue therapy.

Deciding when to discontinue antiviral therapy in
CHB patients is a critical aspect of clinical management
that requires careful consideration. This decision should
be made cautiously to preserve positive patient
outcomes. Specific endpoints for discontinuing

treatment were identified. The ideal endpoint is the loss
of HBsAg. The observation of biochemical response or
the development of hepatitis B e antigen (HBeAg) loss
in HBeAg-positive patients are also achievable
endpoints  [4-5]. HBeAg clearance, whether
spontaneous or treatment-induced, has been shown to
significantly reduce the risk of cirrthosis and
hepatocellular carcinoma, and improve overall survival,
making it a key milestone in the management of
HBeAg-positive CHB patients [6].

Given the clinical importance of treatment
endpoints, accurate prediction of HBeAg loss also plays
an important role in predicting disease prognosis and
optimal treatment discontinuation goals. In this study,
we aimed to evaluate factors that may predict HBeAg
clearance in patients receiving antiviral treatment due
to HBeAg-positive CHB.

Methodology
This retrospective descriptive study included
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Table 1. Formulas of the parameters to be evaluated in the study.

J Infect Dev Ctries 2025; 19(6):941-947.

Parameters Formulas

ALT x ULN ALT (U/L) / ULN

AST x ULN AST (U/L) / ULN

AST/ALT ratio AST / ALT

ALBI (logy bilirubin (umol/L) x 0.66) + (albumin (g/L) % -0.085)

2.02 % logyo bilirubin (umol/L) — 0.37 x (log)o bilirubin (umol/L))> — 0.04 x albumin (g/L) — 3.48 x logo platelet (103/uL) + 1.01 x

PALBI (logyo platelet (10°/uL))?
APRI ((AST (U/L) / ULN) / Platelet (10°/L) x 100
FIB-4 (Age (years) x AST (U/L)) / (platelet (10°/L) x v (ALT (U/L))

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ULN: Upper limits of normal; ALBI: Albumin-Bilirubin grade; PALBI: Platelet-Albumin-
Bilirubin grade; APRI: Aspartate aminotransferase — Platelet ratio index; FIB-4: Fibrosis-4 index.

patients with HBeAg-positive CHB who initiated
antiviral treatment between January 1, 2008, and
December 31, 2022. All patients were treated and
followed at our hospital for a minimum of one year.
Exclusion criteria involved patients under 18 years at
the beginning of treatment, incomplete laboratory data,
co-infections with other viral hepatitis or HIV, initiation
of treatment due to acute hepatitis B, CHB acute
exacerbation, pregnancy, or the initiation of
immunosuppressive therapy, poor treatment adherence,
and those with less than one year of follow-up. We
collected data on patient demographics, liver
histopathology results, laboratory values (including
hepatic transaminases, bilirubin, albumin levels,
platelet (PLT) count, HBV DNA level, HBsAg, anti-
HBs, HBeAg, and anti-HBe) at the beginning of the
treatment, the total duration of treatment, whether
HBeAg loss was observed during follow-up, and date
of the development of HBeAg loss were retrospectively
collected via the hospital information operating system.
HBeAg clearance was defined as the loss of HBeAg in
an HBeAg-positive CHB patient, regardless of whether
anti-HBe was observed.

To predict HBeAg clearance, several parameters
were assessed, including alanine aminotransferase
(ALT) x upper limit of normal (ULN), aspartate
aminotransferase (AST) x ULN, AST/ALT ratio,

Figure 1. Patient selection and inclusion criteria for the study.

384 patients positive for HBsAg and HBeAg

Antiviral treatment was started in 218 (56.8%) of the patients

43 patients’ laboratory data at the beginning of 32 patients had a follow-up visit less than a year after
treatment were not available treatment started

13 patients were started on antivirals before 2009 ‘

Nine patients’ treatment was started due to pregnancy

Six patients were under 18 years of age when antiviral

was started

Seven patients’ treatment was started due to
immunosuppressive treatment

Five patients were HBeAg negative

Five patients were started on antivirals due to acute
at the start of treatment

exacerbation of acute hepatitis B or chronic hepatitis B

Three patients had concomitant HIV infection ‘( One patient was non-compliant with treatment

94 patients were included in the study

Albumin-Bilirubin grade (ALBI), Platelet-Albumin-
Bilirubin grade (PALBI), AST-Platelet ratio index
(APRI) and Fibrosis-4 (FIB-4). The formulas for these
parameters are presented in Table 1. The ULN value
was accepted as 40 U/L for ALT according to the
APASL guideline and 34 U/L for AST, according to
laboratory reference ranges [7].

Statistical analysis

Statistical analysis was performed using IBM
Statistical Package for the Social Sciences (SPSS)
Version 22.0 (Armonk, NY: IBM Corp) program. The
normal distribution of variables was assessed using
Kolmogorov-Smirnov  and  Shapiro-Wilk  tests.
Descriptive analyses were presented as mean (£
standard deviation) for normally distributed data and
median  (minimum-maximum) for non-normally
distributed data. Difference between groups in the
cross-tables was compared using the Chi-square, and
Fisher tests in cases where the values observed in the
cells did not meet the Chi-square test assumptions
Normally distributed data were evaluated using the
independent sample #test, while non-normally
distributed data were assessed using the Mann-Whitney
U test. Receiver operating characteristic (ROC) curve
analysis was employed to evaluate the predictive ability
of identified parameters for HBeAg loss. Significant
cut-off values were established, and the sensitivity and
specificity values were presented. The power of the
study was calculated using G*Power 3.1.9.2, which
yielded 87.8% with an effect size of 0.8 and a margin
of error of 0.05. A p of < 0.05 was considered
statistically significant.

Ethics

Ethics committee approval was obtained from our
hospital on June 13, 2024, under decision number
2024/130. The study adhered to the principles outlined
in the Helsinki Declaration. Due to the retrospective
design of the study, informed consent from patients was
not required and was not obtained.
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Results

Ninety-four patients met the inclusion criteria for
this study (Figure 1). Among these patients, 43 (45.7%)
were female, and the median age at the treatment
initiation was 35 years (range: 18 - 79 years). Liver
biopsy results were available for 66 patients, with a
median HAI score of 8 (range: 2-16) and a median
fibrosis score of 2 (range: 1-6). The baseline laboratory
values, liver histopathology results, and other evaluated
parameters are presented in Table 2. HBeAg clearance
was observed in 32 patients (34%) during treatment.
The mean duration of treatment required to achieve
HBeAg clearance was 50.3 & 32.1 months. The overall
treatment duration was statistically significantly longer
in patients who achieved HBeAg clearance compared
to those who did not (p = 0.003).

Patients who experienced HBeAg clearance had
statistically significantly higher median age, fibrosis
score (FS), APRI, and FIB-4 values (p = 0.028, p =
0.024, p = 0.008, and p = 0.003, respectively), as well
as lower mean PLT count (p = 0.010) at treatment
initiation compared to those who did not achieve
HBeAg clearance. No statistically significant
associations were found between HBeAg clearance and
other evaluated parameters (Table 3).

In the ROC analysis; the predictive values of age,
FS, APRI, FIB-4, and PLT were assessed. Among
these, APRI demonstrated the highest area under the
curve (AUC) (AUC =0.771, p = 0.007), indicating its
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Table 2. Demographic characteristics of the patients and
parameters determined at the beginning of the first antiviral
treatment.

Parameters Value
Sex (n =94) [n (%)]

Female 43 (45.7)
Male 51(54.3)
Age (years) (n = 94) [median (min-max)] 35(18-79)
Tota! dura?ion of antiviral treatment (months) (n = 94) 64 (16— 170)
[median (min-max)]

Liver histopathology results (n = 66) [median (min-max)]

Histologic activity index 8(2-16)
Fibrosis score 2(1-6)
Laboratory results

ALT (U/L) (n = 94) [median (min-max)] 64 (10— 785)
AST (U/L) (n = 94) [median (min-max)] 41 (15-330)
Total bilirubin (mg/dL) (n = 75) [median (min-max)] 0.7(02-2.4)
Albumin (n = 67) (g/dL) [median (min-max)] 4.2 (3.1-5.1)
Platelet (10°/uL) (n = 93) (mean + standard deviation) 218 £65.9
HBV-DNA (logioIU/mL) (n = 62) [median (min-max)] 8.1(24-112)

Serological results

HBeAg clearance (n = 94) [n (%)] 32 (34)
Time from first treatment initiation to HBéAg clearance 503321
(months) (n = 32) (mean =+ standard deviation)
Scores

ALT (x ULN) (n = 94) [median (min-max)]
AST (x ULN) (n = 94) [median (min-max)]
AST/ALT ratio (n = 94) [median (min-max)]
APRI (n =93) [median (min-max)]

ALBI (n = 65) [median (min-max)]

PALBI (n = 65) (mean + standard deviation) -2.48+0.31
FIB-4 (n = 93) [median (min-max)] 0.79 (0.27 — 8.42)
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ULN:
Upper limits of normal; ALBI: Albumin-Bilirubin grade; PALBI: Platelet-
Albumin-Bilirubin grade; APRI: Aspartate aminotransferase — Platelet ratio
index; FIB-4: Fibrosis-4 index.

1.60 (0.25 — 19.63)
1.21 (0.44 - 9.71)
0.65(0.29 - 2)
0.60 (.20 —4.06)
2.79 (-3.59 — -1.66)

Table 3. Distribution of patients’ demographic characteristics and evaluated parameters according to HBeAg clearance status under antiviral

treatment.

Parameters No HBeAg Clearance Yes p value
Sex (n = 94) [n (%)]

Female 33 (64.7) 18 (35.3) 0.952%
Male 29 (67.4) 14 (32.6) '

Age (years) (n = 94) [median (min-max)] 32.5(18-179) 39.5(18-74) 0.028"
Total duration of antiviral treatment (months) (n = 94) [median (min-max)] 56 (16 —170) 82.5 (16 - 156) 0.003"
Liver histopathology results (n = 66) [median (min-max)]

Histologic activity index 7(2-16) 9(33-15) 0.2797
Fibrosis score 2(1-6) 3(2-5) 0.024"
Laboratory results

ALT (U/L) (n = 94) [median (min-max)] 56.5 (14 —785) 74 (10 — 669) 0.1807
AST (U/L) (n = 94) [median (min-max)] 38.5 (15-330) 49 (20 -302) 0.0517
Total bilirubin (mg/dL) (n = 75) [median (min-max)] 0.7(0.3-2.4) 0.8(0.2-24) 0.387°
Albumin (n = 67) (g/dL) [median (min-max)] 4.2(3.1-4.8) 41@3.3-5.1) 0.429*
Platelet (10°/uL) (n = 93) (mean = standard deviation) 230.3+61.7 193.3+12.2 0.010*
HBV-DNA (log;oIU/mL) (n = 62) [median (min-max)] 83(3.8-11.2) 7.7(2.4-9.5) 0.251F
Scores

ALT (x ULN) (n = 94) [median (min-max)] 1.41 (0.35-19.63) 1.85(0.25 - 16.73) 0.180"
AST (x ULN) (n = 94) [median (min-max)] 1.13(0.44-9.71) 1.44 (0.59 — 8.88) 0.051F
AST/ALT ratio (n = 94) [median (min-max)] 0.65 (0.29 - 1.8) 0.64 (0.32 - 2.0) 0.6817
APRI (n = 93) [median (min-max)] 0.51 (0.20 - 3.96) 0.74 (0.25 — 4.06) 0.008"
ALBI* (n = 65) [median (min-max)] -2.82 (-3.36 — -1.66) -2.73 (-3.59 - -1.77) 0.172°
PALBI (n = 65) (mean =+ standard deviation) -2.48+0.28 -2.48 £0.37 0.978%
FIB-4 (n = 93) [median (min-max)] 0.72 (0.27 — 8.42) 1.29 (0.38 - 7.33) 0.003"

*Chi-square test was used. © Mann-Whitney U test was used. * Independent sample t-test was used. ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; ULN: Upper limits of normal; ALBI: Albumin-Bilirubin grade; PALBI: Platelet-Albumin-Bilirubin grade; APRI: Aspartate aminotransferase
— Platelet ratio index; FIB-4: Fibrosis-4 index.
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superior predictive capability. For a cut-off value of
0.71, APRI exhibited 65% sensitivity and 66.7%
specificity (Figure 2).

Discussion

The findings of our study provide valuable insights
into the potential predictors of HBeAg in patients with
HBeAg-positive CHB undergoing antiviral treatment.
The results indicate that parameters such as PLT count,
FIB-4, FS, and especially APRI, can serve as significant
markers for predicting HBeAg loss.

This study revealed that 34% of patients achieved
HBeAg clearance during treatment. The total treatment
duration for those who achieved HBeAg clearance was
statistically significantly longer compared to those who
did not achieve it. Similar to our study, the literature
reports HBeAg clearance rates between 25-42% under
antiviral treatment [8-10]. In addition, the likelihood of
HBeAg seroconversion increases with longer follow-up
periods, suggesting that prolonged antiviral therapy

J Infect Dev Ctries 2025; 19(6):941-947.

may be necessary to achieve HBeAg clearance in CHB
patients [10-12].

The key finding of our study was the significant
association between HBeAg clearance and several
factors such as age, FS, APRI, FIB-4, and PLT count at
the initiation of treatment. Patients who achieved
HBeAg clearance had higher median age, FS, APRI,
and FIB-4 values, as well as lower mean PLT counts
compared to those who did not achieve. Among these
factors, APRI stood out as a particularly strong
predictor of HBeAg clearance, as indicated by its
performance with having the highest AUC in the ROC
analysis. These findings highlight the potential role of
these factors in predicting HBeAg clearance in patients
undergoing antiviral treatment.

Several studies have correlated older age with
higher rates of HBeAg loss in CHB patients. Chu ef al.
[13] found that age over 30 years independently
associated with higher rates of HBeAg seroconversion.
Similarly, Buster et al. [14] reported an increased

Figure 2. Results of the ROC analysis to evaluate HBeAg clearance. Larger test results in ROC Curve-1 and smaller test results in ROC

Curve-2 are indicative of increased HBeAg clearance.

i ROC Curve-1 . ROC Curve-2
0,81 0,8 Source of the
Curves
—Age
—Fg*
0.6 06 -APFfI'*
%‘ = —Reference Line
5 0,41 a 0,4
0,2-1 / 0.2
0,01 T T 0,0 T T T
0,0 0.2 0.4 06 0.8 1,0 0,0 02 0.4 06 08 1,0
1 - Specificity 1 - Specificity
AUC (95% CI)* p Cut-off Sensitivity (%) Specifity (%)
Age 596 (427 - .764) 222
ES® .663 (.521 - .806) .037 2.5 65.0 62.2
APRI* 771 (.586 - .836) .007 71 65.0 66.7
FIB-4* .687 (.546 - .827) .017  1.01 65.0 66.7
PLT* .669 (.548 - .791) .008 207 64.5 64.5

*FS: Fibrosis score; APRI: Aspartate aminotransferase — Platelet ratio index; FIB-4: Fibrosis-4 index; PLT: Platelet; AUC: Area under the ROC curve; CI:

Confidence interval.
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likelihood of HBeAg loss with advancing age. In
another study, although no relationship was found
between older age and HBeAg clearance, a significant
relationship was reported between HBsAg clearance. In
another study, while no association was found between
older age and HBeAg clearance, a significant
relationship was reported with HBsAg clearance [15].
It could be assumed that older individuals have been
infected with the hepatitis B virus for a longer duration.
This might increase the likelihood of clearance, which
could explain why patients with HBeAg clearance in
our study were older.

A noteworthy aspect of this study is the role of
fibrosis in HBeAg clearance. APRI and FIB-4 are
scoring systems that can be easily calculated using liver
transaminases and PLT counts, which are regularly
assessed in the follow-up of patients. These scores are
recommended in the guidelines for evaluating liver
fibrosis in CHB patients [4,16]. A meta-analysis
highlighted the importance of FIB-4 in detecting
advanced fibrosis and cirrhosis [17]. Zhijian et al. [18]
reported higher APRI scores in HBeAg-positive CHB
patients with advanced fibrosis and inflammation.
Furthermore, another study compared AST/ALT ratio,
APRI, and FIB-4 scoring and reported that the APRI
score had the best diagnostic accuracy for detecting
liver fibrosis of any degree [19]. Alavian ef al. [20]
observed that patients with more advanced
necroinflammatory  activity had  higher liver
transaminases and APRI scores, alongside lower PLT
counts. Zhang et al. [8] found higher ALBI grades in
patients with HBeAg clearance. It is thought that the
albumin and bilirubin values used in ALBI scoring are
related to liver function and that a decrease in albumin
and an increase in bilirubin may be observed in CHB
patients as a result of liver damage related to the
immune-active phase. Since it is known that
necroinflammatory activity is associated with better
treatment response, they interpreted that a higher ALBI
grade may be detected in patients with HBeAg loss
[8,21]. In light of these data, it was considered that the
higher APRI, FIB-4, and FS scores, which are
indicators of necroinflammatory disease, and the lower
PLT wvalues found in patients with HBeAg loss
compared to those without, could be explained by the
previously reported relationship between
necroinflammatory activity and treatment response.

In contrast to our findings showing no significant
association between HBV DNA and ALT levels and
HBeAg clearance, several studies have reported the
opposite. For example, Zhang et al. [8] reported that
lower baseline HBV DNA levels and elevated ALT

J Infect Dev Ctries 2025; 19(6):941-947.

levels have been associated with a higher probability of
HBeAg clearance. However, another study found that
both baseline HBV DNA and ALT levels were higher
in patients who developed HBeAg seroconversion than
in those who did not [22]. This inconsistency may be
due to differences in study design, population
characteristics, or specific antiviral regimens used. The
variability in the predictive value of these markers
suggests that although HBV DNA and ALT are
important factors to consider, they may not consistently
predict HBeAg clearance in all patient populations.

Despite the insightful findings of our study, several
limitations need to be acknowledged. One limitation is
the retrospective, single-center study design that could
lead to selection bias and reduce the generalizability of
findings to broader populations. Also, with any single-
center experience, the treatment protocols may be
neither generalizable to other settings nor applicable in
different regions or countries. Factors such as
comorbidities, hepatitis B virus genotype, and various
antiviral treatment regimens used may differentially
affect HBeAg clearance. A multicenter approach or
prospective studies could help minimize these
limitations.

Conclusions

In summary, our study highlights the potential
predictive value of factors such as FIB-4, PLT count,
and especially APRI, in determining HBeAg clearance
in patients undergoing antiviral therapy for HBeAg-
positive CHB. APRI, with the highest area under the
curve (AUC = 0.771), emerges as the most significant
predictor of HBeAg clearance, offering clinicians a
reliable marker for assessing the prognosis of chronic
hepatitis B and determining the potential for treatment
discontinuation. These findings emphasize the
importance of using specific biomarkers and scoring
systems to guide clinical decisions and optimize
treatment strategies for chronic hepatitis B patients.
Further validation and research are necessary to
confirm these findings and enhance the management of
HBeAg-positive CHB.
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