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Abstract
Background: Rational administration of peginterferon can remarkably reduce serum HBsAg level and
improve the rate of HBsAg loss. Considering the high cost and low tolerability of peginterferon, we aimed
to develop a simple-to-use scoring system at early stage of treatment to predict low HBsAg level or HBsAg
loss at the end of treatment in virological suppressed chronic hepatitis B (CHB) patients.

Methods: Non-cirrhotic CHB patients with NA (nucleoside/nucleotide analogues)-induced virological
suppression initiated peginterferon treatment by either add-on or switch-to strategy for 48 weeks were
enrolled from January 2012 to June 2017 in two tertiary centers. The retrospective design enrolled 320
subjects, including 189 patients in the training cohort and 131 patients in the validation cohort.

Results: By logistic regression, a simple-to-use scoring system integrating baseline HBsAg level < 1000
IU/mL, HBsAg decline > 0.5 log at week 12 and ALT �are at week 12 was developed in the training cohort
and high performance for predicting HBsAg < 100 IU/mL, HBsAg < 10 IU/mL and HBsAg loss at the end
of 48-week treatment. The area under receiver operating characteristics curve was 0.84, 0.80 and 0.76 in
the training cohort and 0.88, 0.87 and 0.84 in the validation cohort, respectively.

Conclusions: Our simple-to-use scoring system can guide clinicians to decide whether to continue
peginterferon treatment in CHB patients in order to achieve low HBsAg levels or HBsAg loss at the end of
treatment, which might greatly improve the opportunity to reach a functional cure in these patients and
lead more cost-effective treatment decision.

Introduction
Chronic hepatitis B virus (HBV) infection is estimated to affect 292 million people worldwide and is
associated with the development of cirrhosis and hepatocellular carcinoma (HCC) (1). The aim of
antiviral treatment for HBV is to reduce the long-term severe complications, like decompensated cirrhosis
and HCC by a sustained suppression of HBV DNA, and ideally, the clearance of hepatitis B surface
antigen (HBsAg), which is considered a clinical cure of HBV infection (2–4).

Clearance of hepatitis B surface antigen (HBsAg) from serum is the most desirable end point and a
proposed de�nition of functional cure for hepatitis B virus (HBV) infection. Previous cohort studies had
shown that the spontaneous clearance rate of HBsAg was between 0.12% and 2.38% annually, depending
on the patients' age, gender, cirrhosis, HBeAg status, serum HBV DNA and HBsAg levels, etc (5–10).
Unfortunately, HBsAg loss is inaccessible by nucleoside/nucleotide analogues (NA) treatment(11–13),
leading the patients should long-life take the NA drug. Therefore, new treatment strategies are needed to
explore for patients receiving NA therapy to accelerate HBsAg loss. Studies had shown that HBsAg loss in
patients with chronic hepatitis B (CHB) treated with peginterferon was signi�cantly higher than NA
treatment for CHB patients (14–17). It had been con�rmed that adding on or switching to peginterferon
therapy in patients receiving NA therapy might improve HBsAg loss rate (18–22).
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Although peginterferon offers several bene�ts over NA in a �nite duration of therapy and a higher rate of
HBsAg loss. The application of peginterferon therapy might have several issues: (i) the route of
administration was inconvenient; (ii) the side effects were formidable; (iii) treatment cost was more
expensive than NA. Therefore, it was worthwhile to consider improving the cost-effectiveness of
peginterferon therapy in this speci�c population with a relatively high rate of HBsAg loss in clinical
practice. Application of a scoring system to predict low HBsAg level or HBsAg loss would be useful in
determining the most appropriate population of peginterferon treatment initiation. Such antiviral strategy,
emphasizing the selection of peginterferon therapy according to a scoring system, would be tailed for
individual needs and minimize costs and side effects. Currently, few studies were reported about
developing a scoring system for predicting HBsAg loss in patients taking NA drug who continued optimal
treatment with peginterferon.

As HBsAg loss was relatively rare under current antiviral therapy even with peginterferon, a large sample
size cohort would be needed to develop a scoring system for predicting HBsAg loss. It was con�rmed that
HBsAg quantitative level was related to intrahepatic covalently-closed-circular (ccc)DNA levels and was
an important marker of immune control for CHB patients. Patients with low HBsAg levels (HBsAg level < 
100 IU/mL) at the end of treatment predicted the higher rate of HBsAg loss during the follow-up(8, 10, 23,
24). In a previous study, HBsAg < 100 IU/ml (25) or < 120 IU/ml (26) at the end of treatment was shown to
predict HBsAg loss after cessation of NA therapy. As reported in REVEAL-HBV study, HBsAg level at
baseline was associated with HCC incidence and HBsAg level at baseline < 100 IU/mL predicted the
lowest HCC incidence and better outcome (27). Therefore, we used HBsAg level < 100 IU/mL as the main
surrogate endpoint in our study. The aim of this study was to explore the predictors of low HBsAg levels
(HBsAg < 100 IU/mL, HBsAg < 10 IU/mL) and HBsAg loss and develop a simple-to-use scoring system for
predicting low HBsAg levels at week 48 during peginterferon therapy in CHB patients achieving HBV DNA
suppression (HBV DNA < 1000 IU/mL) through NA treatment.

Patients And Methods
Study design

Our study used a two-center retrospective cohort study design, was performed in accordance with the
Declaration of Helsinki and its amendments, and was approved by the Ethics Committee of Ruijin
Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China and the Second A�liated
Hospital of Chongqing Medical University, Department of Infectious Diseases, Chongqing, China. Patient
informed consent was waived by the Committee considering the retrospective design.

After initial treatment with NA at least 6 months, patients achieved HBV DNA suppression and were
divided to either 48 weeks of PEG‐IFN addition or 48 weeks of PEG‐IFN switch(Figure 1). Peginterferon
alfa-2a (180μg/week) was administrated. Virology and biochemistry results were collected every 12
weeks during follow-up and the end of PEG‐IFN treatment (EOT).

Patients
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This was a retrospective study of HBV DNA suppressed CHB patients who had been received treatment
with either 48 weeks of PEG-IFN addition or 48 weeks of PEG-IFN switch. In this retrospective cohort
study, CHB patients were recruited in two tertiary centers mentioned above from January 2012 to June
2017. Detailed inclusion criteria were as follows: (i) aged older than 18 years; (ii) with positive serum
hepatitis B surface antigen for at least 6 months; (iii) achieving HBV DNA suppression (HBV DNA < 1000
IU/mL) through NA treatment at least 6 months before receiving PEG-IFN treatment; (iv) receiving PEG-IFN
treatment no less than 48 weeks. Exclusion criteria: (i) cirrhosis, cirrhosis decompensation, liver
transplantation, HCC or other malignant tumors at or prior to peginterferon treatment; (ii) liver
transplantation, HCC development or death within 6 months after PEG-IFN treatment; (iii) with evidence of
other chronic liver disease including other viral hepatitis (including hepatitis A, hepatitis C and hepatitis
D), auto-immune hepatitis (AIH) and human immunode�ciency virus (HIV) infection; (iv) received
immunomodulator therapy within 6 months prior to PEG-IFN treatment; (v) without key data for analysis
(mainly referring to virology and biochemistry results).

Data collection, de�nition and follow-up

Data collection included age, sex, liver cirrhosis status, routine blood biochemistry and virology tests, liver
imaging results (ultrasonography/CT/MRI). All data were collected upon inclusion. ALT (alanine
aminotransferase) elevation was de�ned as ALT > 1 times the upper limit of the normal (ULN). ALT �are
was de�ned as ALT > 3 times ULN. The date of initiation of PEG-IFN was set as baseline. All patients were
regularly followed up every 3-6 months. The primary outcome was HBsAg < 100 IU/mL at week 48 of
PEG-IFN treatment. The ULN for ALT was de�ned as ≤40 U/L according to EASL criterion 2.

Statistical analysis

Continuous variables were expressed in mean±standard deviation (SD) or median (interquartile range
[IQR]), as appropriate, whereas categorical variables were presented as number (percentage). Differences
in continuous variables were examined for statistical signi�cance using Student’s t-test or Kruskal-Wallis
rank sum test depending on data distribution. Categorical variables were compared using the chi-squared
test or Fisher’s exact test as appropriate. A two-tailed p value < 0.05 was considered statistically
signi�cant. Associations between the predictive factors and HBsAg levels at the end of treatment were
then explored by univariate logistic regression analyses. P-values 0.05 were considered statistically
signi�cant. Variables were expressed as odds ratio (OR) and 95% con�dence interval (CI). Logistic
regression model was performed by stepwise with a p value of signi�cance level for entry = 0.1 and for
stay = 0.05 on the basis of univariate logistic regression analysis. By stepwise multiple logistic regression
analysis, a model for predicting HBsAg levels at the end of treatment was proposed. The model
developed for HBsAg level 100 IU/mL was considered to be the primary model for the purposes of
developing the scoring system. The scoring system was derived by assigning points according to the
magnitude of the regression coe�cient for predictive variables retained in the multiple logistic regression
models 28. A value of 0 points was assigned to the reference category for each predictive factor. The
discrimination was quanti�ed with the area under the receiver operating characteristic (ROC) curve. The
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Hosmer‐Lemeshow test was applied to assess the goodness‐of‐�t of the �nal model. Detailed diagnostic
values were evaluated by calculating the sensitivity, speci�city, positive predictive value (PPV), negative
predictive value (NPV) and positive likelihood ratio.

All data were analyzed using SAS (Version 9.4; SAS Institute Inc, Cary, NC) and R (Version 3.5;
http://cran.r-project.org/) software.

Results
Characteristics of the study population

A total of 320 patients were �nally included in this study (189 subjects from Ruijin Hospital, Shanghai
Jiaotong University School of Medicine and 131 from the Second A�liated Hospital of Chongqing
Medical University). A �ow chart of the screening process was illustrated in Supplementary Fig. 1. Among
these patients, median age was 37 years (IQR, 31–43) and 84.1% of them were males. Their median
HBsAg level was 3.04 log10 IU/mL (IQR, 2.63–3.45 log10 IU/mL) and 33.4% of them were HBeAg-positive
patients (Supplementary Table 1). ALT elevation in this population accounted for 13.1% of all patients.
Most patients (60.6%) were treated with add-on PEG-IFN therapy and the remaining (39.4%) were treated
with switch-to PEG-IFN therapy. At the end of 48-week treatment using either add-on or switch-to therapy,
143 (44.7%) patients achieved HBsAg < 100 IU/mL, 85 (26.6%) had HBsAg < 10 IU/mL and 39 (12.2%) got
to HBsAg loss (Fig. 2).

We selected patients from Ruijin Hospital as a training cohort and those from the Second A�liated
Hospital of Chongqing Medical University were assigned as a validation cohort. After comparing the
differences between the two cohorts, we found that the training cohort had more patients with HBeAg-
positive and baseline ALT elevation, while the validation cohort was older and had higher baseline HBsAg
levels. Add-on PEG-IFN was the main therapy in training cohort and switch-to PEG-IFN was the dominant
therapy in validation cohort. Despite the difference between two groups in baseline characteristics and
therapy pattern, the rates of HBsAg < 100 IU/mL, HBsAg < 10 IU/mL and HBsAg loss at the end of 48-week
PEG-IFN treatment were quite similar (Fig. 2).

Factor selection for HBsAg decline prediction

In the training set, patients with HBsAg < 100 IU/mL at the end of 48-week PEG-IFN treatment had lower
baseline HBsAg level and lower percentage of HBeAg-positive than those with HBsAg ≥ 100 IU/mL.
Moreover, compared to patients with HBsAg ≥ 100 IU/mL, those with HBsAg < 100 IU/mL experienced
much more HBsAg decline, higher ALT and AST at week 12 (Table 1). Such signi�cant differences mostly
remained the same in the validation set (Table 1).
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Table 1
Clinical characteristics of the study participants with chronic hepatitis B on PEG-IFN treatment.

  Training Cohort (n = 189)   Validation Cohort (n = 
131)

 

Characteristic HBsAg ≥ 
100

(n = 101)

HBsAg < 
100*

(n = 88)

P HBsAg ≥ 
100

(n = 76)

HBsAg < 
100*

(n = 55)

P

Baseline
characteristics

           

Age, years, mean (± 
SD)

38(30–44) 35(30-
40.5)

0.273 38(34-
43.5)

36(32–47) 0.709

Male sex, n (%) 84(83.2%) 74(84.1%) 0.864 64(84.2%) 47(85.5%) 0.845

BMI, kg/m2, mean (± 
SD)

23.04 ± 2.91 23.05 ± 
2.71

0.486 22.94 ± 
3.32

22.85 ± 
2.81

0.867

HBeAg-positive, n
(%)

69(64.4%) 41(46.6%) 0.014 1(1.3%) 0(0.0%) 1.000

PEG-IFN Treatment,
n (%)

    1.000     1.000

Switch-to 0(0.0%) 0(0.0%)   73(96.1%) 53(96.4%)  

Add-on 107(100.0%) 89(100.0%)   3(4.0%) 2(3.6%)  

ALT, IU/L, median
(IQR)

23(18–31) 24(16.5–
33)

0.974 23(19–32) 22(17–30) 0.226

ALT elevation, n (%) 15(15.5%) 17(20.2%) 0.401 7(9.2%) 2(3.6%) 0.371

AST, IU/L, median
(IQR)

22(18–26) 23(18–28) 0.465 24(21–30) 23(19–28) 0.299

FIB-4 index, median
(IQR)

0.90(0.68–
1.27)

0.96(0.69–
1.25)

0.510 1.00(0.75–
1.45)

1.04(0.74–
1.51)

0.696

HBsAg (log10
IU/mL), median
(IQR)

3.28(2.97–
3.55)

2.42(1.65–
2.91)

<0.001 3.38(3.16–
3.79)

2.72(2.44–
3.10)

<0.001

Abbreviations: BMI, body mass index; PEG-IFN, peginterferon; ALT, alanine aminotransferase; ALT
elevation, de�ned as ALT > 1 times the upper limit of the normal; FIB-4, �brosis index based on the 4
factors; HBsAg, hepatitis B surface antigen.

*represents patients achieved HBsAg level < 100 IU/mL at the end of 48-week PEG-IFN treatment.

Note: The data are presented as means ± standard deviation; skewed data are presented as the
median (IQR), and categorical data as the number (percentage). Differences in the baseline
characteristics among the two groups were examined using independent samples t test or Mann-
Whitney U test for continuous variables and chi-square test or Fisher’s exact test for categorical
variables.
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  Training Cohort (n = 189)   Validation Cohort (n = 
131)

 

Characteristics at
week 12

           

HBsAg decline, log10
IU/mL,

median (IQR)

0.00(-0.08-
0.09)

0.19(0.00-
0.74)

<0.001 0.07(-0.04-
0.19)

0.68(0.11–
0.98)

<0.001

ALT, IU/L, median
(IQR)

46(34–63) 52(35–92) 0.047 52(33–77) 66(41–
129)

0.011

AST, IU/L, median
(IQR)

36(30–48) 43(31–64) 0.041 41(30–52) 45(34–87) 0.012

Abbreviations: BMI, body mass index; PEG-IFN, peginterferon; ALT, alanine aminotransferase; ALT
elevation, de�ned as ALT > 1 times the upper limit of the normal; FIB-4, �brosis index based on the 4
factors; HBsAg, hepatitis B surface antigen.

*represents patients achieved HBsAg level < 100 IU/mL at the end of 48-week PEG-IFN treatment.

Note: The data are presented as means ± standard deviation; skewed data are presented as the
median (IQR), and categorical data as the number (percentage). Differences in the baseline
characteristics among the two groups were examined using independent samples t test or Mann-
Whitney U test for continuous variables and chi-square test or Fisher’s exact test for categorical
variables.

 

Univariate analysis of associations between factors and three outcomes (HBsAg < 100 IU/mL, HBsAg < 10
IU/mL and HBsAg loss at EOT) are shown in Table 2. Based on the univariate logistic regression
analyses, the following data cut-offs were selected for further analysis: baseline HBsAg < 1000 IU/mL and
baseline HBsAg ≥ 1000 IU/mL; HBsAg decline > 0.5 log10 IU/mL at week 12 and HBsAg decline ≤ 0.5
log10 IU/mL at week 12 ; ALT �are(ALT > 3 ULN) at week 12 and no ALT �are at week 12. The percentages
of HBsAg < 100 IU/mL, HBsAg < 10 IU/mL and HBsAg loss at the end of treatment are shown according to
the selected cut‐offs in Fig. 2.
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Table 2
Univariate and multiple logistic regression analysis of factors associated with different HBsAg levels at

the end of 48-week PEG-IFN treatment in training cohort.

  Univariate logistic regression Multiple logistic regression model

Characteristic Regression

coe�cient

Odds ratio

(95% CI)

P Regression

coe�cient

Odds ratio

(95% CI)

P

HBsAg<100 IU/ml at
the end point of 48-
week treatment

           

Baseline HBeAg
status, positive vs
negative

-0.7274 0.48(0.27–
0.87)

0.015 - - -

Baseline HBsAg < 
1000 IU/mL, yes vs
no

2.6231 13.78(6.72–
28.26)

<0.001 2.5749 13.13(5.77–
29.87)

<0.001

HBsAg decline > 0.5
log10 IU/mL at week
12,

yes vs no

2.7242 15.24(4.44–
52.32)

<0.001 2.6898 14.73(3.57–
60.76)

<0.001

ALT �are at week 12,
yes vs no

1.4486 4.26(1.33–
13.61)

0.015 1.9180 6.63(1.54–
28.61)

0.011

HBsAg < 10 IU/ml at
the end point of 48-
week treatment

           

Baseline HBeAg
status, positive vs
negative

-0.4984 0.61(0.32–
1.17)

0.136 - - -

Baseline HBsAg < 
1000 IU/mL, yes vs
no

2.2863 9.84(3.93–
24.63)

<0.001 2.0607 7.85(2.98–
20.70)

<0.001

HBsAg decline > 0.5
log10 IU/mL at week
12,

yes vs no

2.2770 9.75(4.14–
22.96)

<0.001 2.1240 8.36(2.96–
22.06)

<0.001

ALT �are at week 12,
yes vs no

0.7747 2.17(0.78–
6.08)

0.140 - - -

HBsAg clearance at
the end point of 48-
week treatment

           

Abbreviations: HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; ALT �are, de�ned
as ALT > 3 times the upper limit of the normal.
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  Univariate logistic regression Multiple logistic regression model

Baseline HBeAg
status, positive vs
negative

-1.0542 0.35(0.13–
0.91)

0.031 - - -

Baseline HBsAg < 
1000 IU/mL, yes vs
no

2.2749 9.73(2.20-
43.07)

0.003 1.9112 6.76(1.47-
31.00)

0.014

HBsAg decline > 0.5
log10 IU/mL at week
12,

yes vs no

2.0968 8.14(3.07–
21.59)

<0.001 1.6870 5.40(1.92–
15.22)

0.001

ALT �are at week 12,
yes vs no

-0.7402 0.48(0.06–
3.80)

0.485 - - -

Abbreviations: HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; ALT �are, de�ned
as ALT > 3 times the upper limit of the normal.

 

Regression model of predictive factors

Multiple logistic regression model veri�ed the independence of these three variables (baseline HBsAg
level, HBsAg decline at week 12 and ALT �are at week 12) after the stepwise selection process. Scoring
system was developed from the multiple regression model and the points were assigned according to the
size of the regression coe�cients (Table 2). To make it simpler to use, we assigned the �nal scoring
system ranging from 0 to 3 and the details were shown in Table 3. Higher scores indicating a higher
likelihood of low HBsAg level at the end of treatment.
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Table 3
Scoring system of predictive clinical characteristics.

Characteristic Score

Baseline HBsAg < 1000 IU/mL  

No 0

Yes 1

HBsAg decline > 0.5 log10 IU/mL at week 12  

No 0

Yes 1

ALT �are at week 12  

No 0

Yes 1

Abbreviations: HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; ALT �are; de�ned
as ALT > 3 times the upper limit of the normal

 

Diagnostic performance of scoring system

In training cohort, the c indices of the scoring system for predicting HBsAg < 100 IU/mL, HBsAg < 10
IU/mL and HBsAg loss were 0.84, 0.80, 0.76, respectively, which indicated su�cient discrimination of the
scoring system. The Hosmer-Lemeshow test also indicate goodness of �t (P = 0.16, P = 0.22, P = 0.65 for
HBsAg < 100 IU/mL, HBsAg < 10 IU/mL and HBsAg loss respectively). The predominant discrimination
and goodness-of-�t were also proved in the validation cohort. The c indices of the scoring system for
predicting HBsAg < 100 IU/mL, HBsAg < 10 IU/mL and HBsAg loss were 0.88, 0.87, 0.84, respectively. The
P value of Hosmer‐Lemeshow test were 0.89, 0.11, 0.12 for HBsAg < 100 IU/mL, HBsAg < 10 IU/mL and
HBsAg loss, respectively.

We also analyzed the diagnostic performance of the simple-to-use scoring system in the entire cohort.
The c indices were 0.86, 0.83, 0.80 and the P value of Hosmer-Lemeshow test were 0.45, 0.06, 0.29 for
predicting HBsAg < 100 IU/mL, HBsAg < 10 IU/mL and HBsAg loss respectively. Other performance
characteristics of the scoring system in the entire cohort are provided in Table S2. These results
illustrated the good diagnostic performance of the scoring system we provided.

Application of scoring system for predict of treatment outcome

The distributions of prediction scores in training cohort, in validation cohort and in entire cohort were
described in Table S3, Table S4 and Table S5, respectively. The frequency of different prediction scores in
training cohort and in validation cohort was similar (P = 0.77). Moreover, with the prediction scores
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increasing, the proportion of patients achieving HBsAg < 100 IU/mL, HBsAg < 10 IU/mL and HBsAg loss at
the end of 48-week treatment also increased in both two cohort (Fig. 4A and 4B).

The distribution of prediction scores in the entire cohort was: 0 (n = 136, 42.5%); 1 (n = 121,37.8%); 2 (n = 
56, 17.5%); 3 (n = 7, 2.2%) (Table S5). The proportion of patients achieving low HBsAg levels at week 48 in
the entire cohort were lowest in patients with a score of 0 and highest in patients with a score of 3
(Fig. 4C). However, few patients had a prediction score of 3. Among patients with prediction scores of 0,
rate of HBsAg < 100 IU/mL at week 48 was 10.3%, which was far below the overall rate of 44.7%.
Conversely, almost all patients with prediction scores of 2 or 3 achieved HBsAg < 100 IU/mL at week 48.
Similarly, rate of HBsAg < 10 IU/mL at week 48 (2.9%) among patients with prediction scores of 0 was far
below the overall rate (26.6%) and most patients with prediction scores of 2 (64.3%) or 3 (100.0%)
achieved HBsAg < 10 IU/mL at week 48. Rate of HBsAg loss at week 48 (1.5%) among patients with
prediction scores of 0 was far below the overall rate (12.2%) and about one-third patients with prediction
scores of 2(37.5%) or 3(28.6%) achieved HBsAg loss at week 48. Rates of HBsAg < 100 IU/mL, HBsAg < 
10 IU/mL and HBsAg loss at the end of 48-week treatment among patients with prediction scores of 1
were 56.2%, 31.4% and 11.6%, which were intermediate between 0 and 2–3.

Therefore, patients in the entire cohort were placed into three groups according to prediction score: 0, 1
and 2–3 (Fig. 5). The rates of HBsAg < 100 IU/mL at the end of treatment were about 10% in patients with
a prediction score of 0 (negative predictive value 89.7%) (Table S2). Among patients with prediction
scores 2–3, the rate of HBsAg < 100 IU/mL at the end of treatment was 96.8% (Fig. 5). In patients with a
prediction score of 0, the rate of HBsAg < 10 IU/mL was 2.9% (negative predictive value 97.1%) (Table S2)
and the rate of HBsAg loss was 1.5% (negative predictive value 98.5%) (Table S2), while among those
with a score 2 ~ 3, the rate of HBsAg < 10 IU/mL was 68.3% and the rate of HBsAg loss was 36.5%
(Fig. 5).

Discussion
It was universally acknowledged that patients with low HBsAg levels (HBsAg < 100 IU/mL) predicted the
higher rate of HBsAg loss (8, 10, 23, 24). Moreover, as reported in REVEAL-HBV study, baseline HBsAg < 
100 IU/mL predicted the lowest HCC incidence and better outcome(27). In this study, we developed and
validated a simple-to-use scoring system as a new approach to predict low HBsAg level (< 100 IU/mL, <
10 IU/mL) and HBsAg loss in the entire cohort. The scoring system incorporated three items: baseline
HBsAg < 1000 IU/mL, HBsAg decline > 0.5 log at week 12 and ALT �are at week 12. This was the �rst
study to establish a scoring system, including variables at baseline and in the course of treatment, to
predict the effect of peginterferon (PEG-IFN) on achieving low level and HBsAg loss in the population of
HBV DNA suppression.

After univariate and multiple statistical analyses, we found three variables (baseline HBsAg < 1000 IU/mL,
HBsAg decline > 0.5 log at week 12 and ALT �are at week 12) were independently associated with
achieving low HBsAg levels and HBsAg loss at the end of 48-week PEG-IFN treatment. Previously, the
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long-term incidence and factors associated with HBsAg loss in HBV DNA suppressed CHB patients
receiving PEG-IFN were rarely reported. On-treatment HBsAg decline, which was an important predictor of
treatment response (28–31), had been shown to predict long-term HBsAg loss after PEG-IFN treatment
(29, 32, 33). The optimal cutoff value of HBsAg to predict HBsAg loss in peginterferon-treated CHB has
not been de�ned. In our study, we identi�ed a cutoff value of 1000 IU/mL (the median value of the
baseline HBsAg level) for baseline HBsAg in predicting long-term HBsAg loss.

On the basis of multiple logistic regression model, a simple-to-use scoring system was developed in the
training cohort and validated in an external cohort. The scoring system we provided indicated su�cient
discrimination and goodness-of-�t in both training cohort and validation cohort. The scoring system
ranges from 0 to 3, with higher scores indicating a higher likelihood of low HBsAg level and HBsAg loss.
Considering the frequency of scores and response rates for adjacent scores, we grouped patients into 3
categories (0, 1 and 2–3). Patients with prediction scores 0 comprised 42.5% of all patients. The rates of
HBsAg<100 IU/mL, 10 IU/mL and HBsAg loss among these patients were 10.3%, 2.9% and 1.5%,
respectively, at the end point of 48-week treatment. On the other hand, about one-�fths patients with
scores ≥ 2. They had extremely high rates of achieving HBsAg<100 IU/mL, 10 IU/mL and HBsAg loss
(96.8%, 68.3% and 36.5%, respectively) which were far higher than the overall rates (44.7%, 26.6% and
12.2%, respectively). Patients with prediction scores 1 had medial likelihood of achieving low HBsAg
levels and HBsAg loss. The scoring system would guide clinicians to identify patients with a good chance
of achieving low HBsAg levels even HBsAg loss by readily available clinical parameters, and encourage
the patients to have more con�dence leading to functional cure. After 12-week treatment, clinicians
should consider stopping peginterferon treatment in patients with prediction scores 0 and continue
peginterferon treatment de�nitely in patients with prediction scores 2–3. Patients who were scored 1
should keep going with peginterferon treatment to attempt to achieve steady HBsAg declines. A quick
assessment at week 12 according to the scoring system might optimize treatment decision, save
unnecessary treatment cost and lessen the suffering in patients who endured adverse effects of PEG-IFN
treatment.

HBV DNA suppressed patients switched to or added on a 48-week PEG-IFN treatment has an incidence
rate of 12.2% to achieved HBsAg loss. Other studies also reported that the incidence rates of HBsAg loss
in HBV DNA suppressed patients switched to 48-week PEG-IFN treatment and was 8.5% 18 and 14.4% 19.
The incidence rate mentioned in our study was close to other studies, which made our results convincing.

The strength of our study was the �rst to develop a scoring system including variables both at baseline
and during treatment which could predict the effect of PEG-IFN in achieving low HBsAg levels (HBsAg < 
100 IU/mL) and further clearance. This study employed an appropriate design and a rigorous
methodology. All the patients included in this study ful�lled a 48-week PEG-IFN therapy and the data
during treatment was relatively complete. Moreover, the three parameters in our scoring system were
accessible for physicians, especially in the clinics. Additionally, as a sensitivity indicator for liver
in�ammation, including ALT �are during treatment in the model would improve the accuracy and
performance for indicating achieving low HBsAg level.
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Our study has some limitations. First, in view of the retrospective study, some key variables were not
taken into account in the process of establishing the scoring system. However, the effect of peginterferon
varies from different HBV genotypes 35–37 and we didn't collect this data. Second, although our scoring
system has been validated in external data of another cohort, it still has not been validated in different
ethnic populations. The diagnostic performance of this scoring system need to be validated in other
ethnic populations.

In conclusion, baseline HBsAg < 1000 IU/mL, HBsAg decline > 0.5 log and ALT �are at week 12 were
predictors of treatment response of peginterferon. Besides, patients with scores 0 were highly unlikely to
achieve low HBsAg levels (HBsAg < 100 IU/mL and HBsAg < 10 IU/mL) and HBsAg loss and patients with
scores ≥ 2 according to the scoring system we provided were more likely to achieve low HBsAg levels.
The simple-to-use scoring system can be used effectively by clinicians to select patients for �nite
treatment with peginterferon alfa-2a in the early stages of treatment and therefore can avoid unnecessary
treatment and thus adverse events in those patients unlikely to experience treatment success. Clinicians
can make better decisions on peginterferon alfa‐2a management for the CHB patients who could obtain
low HBsAg levels and have more opportunities to achieve HBsAg loss and functional cure according to
our scoring system.

List Of Abbreviations
HBV, hepatitis B virus; CHB, chronic hepatitis B; PEG-IFN, pegylated-interferon alpha; NA,
nucleoside/nucleotide analogues; HBsAg, hepatitis B surface antigen; BMI, body mass index; SD,
standard deviation; IQR, interquartile range; FIB-4, �brosis index based on the 4 factors; ROC, receiver
operating curve; AUROC, area under the ROC; ALT, alanine aminotransferase; AST, aspartate
aminotransferase.
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Figures

Figure 1

Combined study design. Abbreviations: PEG-IFN, peginterferon; EOT, end of treatment; HBsAg, hepatitis B
surface antigen.
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Figure 2

Proportion of different HBsAg levels in the entire cohort, training cohort and validation cohort at the end
of 48-week PEG-IFN treatment. Abbreviations: HBsAg, hepatitis B surface antigen.
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Figure 3

HBsAg 100 IU/ ml (A) , HBsAg 10 IU/ ml (B) and HBsAg loss (C) at the end of 48-week PEG-IFN
treatment by baseline and 12-week characteristics. Abbreviations: HBsAg, hepatitis B surface antigen;
ALT, alanine aminotransferase; ALT �are was de�ned as ALT > 3 times the upper limit of the normal.
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Figure 4

Proportion of HBsAg 100 IU/ ml, HBsAg 10 IU/ ml and HBsAg loss at the end of 48-week PEG-IFN
treatment according to predictive score in the training cohort (A), in the training cohort (B), in the training
cohort (C). Abbreviations: HBsAg, hepatitis B surface antigen. *represents HBsAg level at the end of 48-
week PEG-IFN treatment.
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Figure 5

Proposed strategies for use of predictive score in the management of non-cirrhotic CHB patients treated
with peginterferon achieving HBV DNA-suppressed by NA treatment. Abbreviations: NA,
nucleoside/nucleotide analogues. *represents HBsAg level at the end of 48-week peginterferon treatment.
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