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	 Background:	 This single center study, which enrolled 108 patients with chronic hepatitis B virus infection treated with pe-
gylated interferon-alpha (PEG-IFN-a), aimed to follow up and monitor off-treatment responses, including viro-
logical relapse, and analyze predictors of long-term efficacy of the PEG-IFN-a regimen.

	 Material/Methods:	 In total, 108 hepatitis B e antigen (HBeAg)-positive patients with chronic hepatitis B who had completed the 
PEG-IFN-a regimen and achieved virological suppression were enrolled. The patients were followed up for 5 
years to monitor off-treatment responses. Twenty-eight relevant factors, including the history of antiviral ther-
apy and HBeAg seroconversion, were analyzed using the Cox proportional hazards regression model.

	 Results:	 The cumulative rates of virological suppression were 75.70%, 68.68%, 65.25%, 63.91%, and 63.91% at 1, 2, 3, 
4, and 5 years of the follow-up period, respectively. Compared with the rates of virological suppression, the cu-
mulative rates of clinical suppression were 88.41%, 79.83%, 78.59%, 75.65%, and 75.65%, respectively, for the 
5 years. Alanine aminotransferase (ALT) normalization at 24 weeks after off-therapy (relative risk [RR]=3.430, 
P=0.013) was a potential predictor for sustained virological suppression, and the history of anti-viral therapy 
(RR=0.164, P=0.004), quantitative value of hepatitis B virus surface antigen (HBsAg) at 48 weeks of anti-viral 
therapy (RR=2.697, P=0.039), and ALT normalization at 24 weeks after off-therapy (RR=5.467, P=0.004) were 
potential predictors for sustained clinical suppression.

	 Conclusions:	 Our results suggested that increased HBsAg levels at 48 weeks and normalization of ALT at 24 weeks after off-
therapy might be predictive factors for long-term treatment efficacy.
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Background

Approximately 240 million people have chronic hepatitis B vi-
rus (HBV) infection, and 1 million deaths related to chronic 
HBV infection (CHB) occur every year worldwide [1,2]. CHB is 
still an important global public health problem because it can 
cause progression to cirrhosis, hepatocellular carcinoma (HCC), 
or other end-staged liver diseases with significant morbidity 
and mortality [3,4]. In China, 60% of patients with cirrhosis 
and 80% of patients with HCC have CHB [5]. Antiviral therapy 
can prevent patients with CHB from progressing to liver fibro-
sis, cirrhosis, and HCC [6]. Unfortunately, none of the available 
antiviral agents have cured CHB to date [7,8].

Currently, there are 2 main antiviral treatment options for ac-
tive patients with CHB: treatment with a nucleos(t)ide ana-
logue (NA) and treatment with pegylated interferon alpha (PEG-
IFN-a), which are recommended by the European Association for 
the Study of Liver Disease (EASL) guidelines [1] and American 
Association for the Study of Liver Diseases (AASLD) guide-
lines [9]. PEG-IFN-a could have a weak direct antiviral effect but 
could also strongly regulate the immune response to a virus and 
alleviate the pathogenesis of liver fibrosis [10]. Furthermore, 
the most important advantages of PEG-IFN-a compared with 
NA are no risk of viral resistance development and the finite 
course of treatment (usually 48-week course of treatment) [1,9]. 
Recently, it was also reported that PEG-IFN-a therapy has con-
siderable off-treatment sustainability in Chinese hepatitis B 
early antigen (HBeAg)-positive patients with CHB, with sero-
logical and complete responses [11]. In addition, the effect 
of PEG-IFN-a on HBsAg reduction or the seroconversion rate 
of HBsAg is relatively higher than that of NA [1,9]. Also, com-
pared with the morbidity of patients with CHB treated with 
NA, the morbidity of cirrhosis or HCC is significantly lower in 
patients with CHB treated with PEG-IFN-a [12]. This evidence 
shows that PEG-IFN-a induces long-term immune control with 
a finite treatment. Meanwhile, PEG-IFN-a has some disadvan-
tages, such as the relatively unfavorable safety profile, many 
contraindications, relatively high price, mode of subcutane-
ous injection administration, and, especially, the high vari-
ability of response [1,9,13]. In clinical practice, some patients 
with CHB need to receive the NA regimen again because he-
patic flares could recur after the discontinuation of the PEG-
IFN-a regimen [14].

According to the guidelines, patient selection before the PEG-
IFN-a regimen and early treatment predictors could give an 
individual treatment strategy to patients with CHB [1,9,13]. 
However, the predictors to screen optimal patients with CHB 
with a potentially high chance of achieving good long-term ef-
ficacy after they complete the course of the PEG-IFN-a regi-
men are still uncertain.

Therefore, this single center study included 108 patients with 
HBeAg-positive CHB treated with PEG-IFN-a and aimed to fol-
low up and monitor off-treatment responses, including viro-
logical relapse, and analyze predictors for the long-term effi-
cacy of the PEG-IFN-a regimen.

Material and Methods

Patients

This study was approved by the Human Ethics Committee of 
the Third Affiliated Hospital of Sun Yat-sen University. Written 
informed consent was obtained from each participant. The di-
agnostic criteria of CHB followed the EASL guidelines, and all 
patients met the criteria of antiviral therapy recommended by 
the EASL guidelines [1].

We screened 320 patients with CHB who received the PEG-IFN-
a-2a/a-2b regimen in the Department of Infectious Diseases 
of the Third Affiliated Hospital of Sun Yat-sen University from 
January 1, 2008, to December 31, 2013. A total of 268 patients 
were positive for HBeAg. However, only 108 who had complet-
ed the PEG-IFN-a regimen and achieved virological suppression 
were enrolled. All patients were treated with PEG-IFN-a-2a/
a-2b and were regularly followed up for 5 years after com-
pleting the PEG-IFN-a regimen. The demographic information 
and clinical characteristics of the enrolled patients are sum-
marized in Table 1.

The inclusion criteria were as follows: (a) history of HBV in-
fection ³6 months; (b) positive HBsAg and HBeAg; (c) com-
pleted course of PEG-IFN-a therapy; (d) achieved virological 
suppression during the regimen; (e) PEG-IFN-a was the only 
antiviral agent used during the course of treatment; and (f) 
good compliance.

The exclusion criteria were as follows: (a) HIV infection or tu-
berculosis; (b) other forms of chronic liver diseases; (c) de-
compensated cirrhosis, hypertension, diabetes, autoimmune 
diseases, or other underlying medical diseases; (d) psychiat-
ric disorders; and (e) pregnant or lactating.

Study Design

Baseline data, including age, sex, and history of antiviral ther-
apy, were collected. Routine blood tests, liver function, HBV se-
rological markers (HBsAg, antibody to hepatitis B surface anti-
gen (HBsAb), HBeAg, antibody to hepatitis B e antigen (HBeAb), 
and HBV deoxyribonucleic acid (DNA) levels were assayed ev-
ery 4 weeks during the course of the PEG-IFN-a regimen. In the 
off-treatment state, patients were followed up every 12 weeks. 
Routine blood tests, liver function, HBV serological markers and 
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HBV DNA load were assayed every 12 weeks. Alpha-fetoprotein 
and liver ultrasound were assayed every 24 weeks. All moni-
toring methods of patients treated with PEG-IFN-a were based 
on the guidelines’ suggestions [1,9].

Definition of Virological and Clinical Suppression or 
Relapse

Virological suppression was defined as serum HBV DNA levels 
<2000 IU/mL during the course of the PEG-IFN-a regimen [1,9.] 
According to the guidelines [1,9], sustained off-therapy viro-
logical suppression was defined as serum HBV DNA levels 
<2000 IU/mL for at least 12 months after the end of therapy. 
Clinical suppression was defined as alanine aminotransferase 
(ALT) <2×upper limit of normal (ULN) during the course of the 
PEG-IFN-a regimen. Sustained clinical suppression was de-
fined as ALT <2×ULN after the PEG-IFN-a regimen to the end 
of the follow-up period.

Virological relapse was defined as more than 2 times an HBV 
DNA level of greater than 2000 IU/mL (interval at least 1 month) 
after off-therapy. Clinical relapse was defined as ALT > 2×ULN 
on the basis of virological relapse.

Definition of the Observation Endpoint

For patients with virological relapse, the observation endpoint 
was the date of an HBV DNA level >2000 IU/mL. For patients 
with clinical relapse, the observation endpoint was the date 
of ALT >2×ULN on the basis of virological relapse. For patients 
who had been followed up for at least 6 months and showed 

no virological or clinical relapse, the observation endpoint was 
the date of loss to follow-up or December 31, 2015.

Laboratory Tests

A routine automated analysis system (Beckman Coulter, Fullerton, 
CA, USA) was used to assay liver biochemistry. HBV serologi-
cal markers were tested using a chemiluminescent microparti-
cle enzyme immunoassay (Abbott, Chicago, IL, USA). HBV DNA 
levels were tested using the COBAS AmpliPrep/COBAS TaqMan 
HBV Test (v2.0). The detection limit was HBV DNA <20 IU/mL.

Statistical Analysis

Data are expressed as the mean±standard deviation or medi-
an. The Cox proportional hazards regression model was used 
to analyze predictors for sustained virological suppression or 
clinical suppression. The Kaplan-Meier method was used to 
calculate the cumulative rate of virological suppression and 
the cumulative rate of clinical suppression. All analyses were 
performed using SPSS v22.0 statistical analysis software (IBM 
Corp, Armonk, NY, USA). Differences were considered statisti-
cally significant at a value of P<0.05.

Results

Patient Characteristics

A total of 320 patients were enrolled. Based on the inclusion 
and exclusion criteria, 108 patients (17 women, 91 men) were 

Factors Before PEG-IFN-a regimen After PEG-IFNa regimen

Gender, M/F 91/17 91/17

Age, year – 28±8

Total treatment duration, month – 	 48	 (48, 69)

Total follow-up period, week – 	 245	 (16, 360)

ALT, U/L 	 173	 (84, 294) 	 40	 (28, 66)

AST, U/L 	 103	 (60, 156) 	 36	 (27, 52)

Quantitative value of HBsAg, COI 	 5860	 (2828, 7232) 	 2120	 (17, 6874)

HBV DNA, log10 copies/ml 	 6.8	 (5.8, 7.5) 	 2	 (2, 2)

Rate of HBeAg seroconversion, % – 	 75.00	 (81/108)

Rate of HBsAg seroconversion, % – 	 17.59	 (19/108)

ALT normalization rate, % – 	 60.19	 (65/108)

Table 1. Demographic information and clinical characteristics of the enrolled patients.

Peg-IFNa – pegylated interferon alfa; HBsAg – hepatitis B surface antigen; HBV – hepatitis B virus; HBeAg – Hepatitis B e antigen; 
ALT – alanine aminotransferase; AST – aspartate aminotransferase.
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finally included in the present study (Figure 1). The character-
istics of patients are shown in Table 1. The average age of pa-
tients was 28±8.16 years. The median course of the PEG-IFN-a 
regimen was 48 weeks (range 48-69 weeks). At the end of the 
course, the rate of ALT normalization was 60.19% (65/108), 
the rate of HBeAg seroconversion was 75.00% (81/108), and 
the rate of HBsAg clearance was 17.59% (19/108).

The median follow-up period was 245 weeks (range 16-360 
weeks). At the end of the follow-up period, the rate of HBeAg 
seroconversion was 79.63% (86/108), and the rate of HBsAg 
clearance was 15.74% (17/108). Before the PEG-IFN-a regimen 
was initiated, 10 of the 108 patients had liver cirrhosis (com-
pensation stage) as assessed by liver ultrasound. After the 
end of the follow-up period, 9 of the 10 patients with cirrhosis 

were still in the compensated stage of cirrhosis. Fortunately, 1 
patient showed no cirrhosis as assessed by liver ultrasound. 
Furthermore, none of the enrolled patients had HCC at the end 
of the 5-year follow-up period.

Rates of Virological Relapse and Clinical Relapse After 
Off-Therapy

According to the definition of virological relapse, 38 of 108 pa-
tients (35.19%) had virological relapse during the follow-up 
period of 5 years. Furthermore, most of them (26/38, 68.42%) 
had virological relapse during the first 48 weeks of the follow-
up period. The rates of virological relapse were 24.30%, 9.27%, 
5.00%, 2.06%, and 0% at 1, 2, 3, 4, and 5 years of the follow-
up period, respectively. The cumulative rates of virological 

320 patients had accepted PEG-IFN-α treatment in from January 1, 2008 to
December 31, 2013

All patients were regularly followed up for 5 years after they had
completed PEGF-IFN-α regimen

108 patients achieved virological
suppression at the end of the therapy

The 5 years cumulative rate of virological
suppression was 63.91%

The 5 years cumulative rate of clinical
suppression was 75.65%

160 patients failed PEG-IFN-α regimen

268 HBeAg positive CHB patients

37 patients still virological suppression

26 virological relapse and 2 lost

52 HBeAg nagative CHB patients

41 patients still clinical suppression

7 virological relapse and 9 lost

3 virological relapse and 8 lost

1 virological relapse and 9 lost

0 virological relapse and 6 lost

12 clinical relapse and 9 lost

8 clinical relapse and 9 lost

1 clinical relapse and 11 lost

2 clinical relapse and 9 lost

0 clinical relapse and 6 lost

Figure 1. �Enrollment and follow-up of the study cohorts. PEG-IFNa – pegylated interferon alfa; HBeAg – hepatitis B e antigen; 
CHB – chronic hepatitis B.
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suppression were 75.70%, 68.68%, 65.25%, 63.91%, and 
63.91% at 1, 2, 3, 4, and 5 years of the follow-up period, re-
spectively (Table 2).

According to the definition of clinical relapse, 23 of 108 pa-
tients (21.30%) experienced clinical relapse during the 5-year 
follow-up period. Twelve of the 23 patients (52.17%) showed 
clinical relapse during the first 48 weeks of the follow-up pe-
riod. The rates of clinical relapse were 11.59%, 9.70%, 1.55%, 
3.74%, and 0% at 1, 2, 3, 4, and 5 years of the follow-up peri-
od, respectively. The cumulative rates of clinical suppression 
were 88.41%, 79.83%, 78.59%, 75.65%, and 75.65% at 1, 2, 
3, 4, and 5 years, respectively (Table 2).

Predictors of Sustained Virological Suppression

The Cox proportional hazards regression model was used to 
screen predictors of sustained virological suppression. Twenty-
eight relevant factors, including age, sex, history of antiviral 
therapy, course of therapy, achievement of HBeAg serocon-
version, ALT level, quantitative value of HBsAg, and HBV DNA 
level, were included and evaluated.

Univariate Cox regression analysis revealed that sustained vi-
rological suppression after off-therapy was associated with 
the quantitative value of HBsAg at 24 weeks (RR=1.000; 95% 
CI, 1.000-1.000; P=0.022), 36 weeks (RR=1.000; 95% CI, 1.000-
1.000; P<0.001), and 48 weeks (RR=1.000; 95% CI, 1.000-
1.000; P<0.001) of the PEG-IFN-a regimen; HBV DNA level 
at 36 weeks (RR=1.000; 95% CI, 1.000-1.000; P=0.028) and 
48 weeks (RR=1.000; 95% CI, 1.000-1.000; P=0.025) of the 

PEG-IFN-a regimen; course of therapy (RR=0.961; 95% CI, 0.932-
0.992; P=0.013); aspartate aminotransferase (AST) value at 24 
weeks of the PEG-IFN-a regimen (RR=0.988; 95% CI, 0.978-
0.999; P=0.029); and ALT normalization at 24 weeks after off-
therapy (RR=5.027; 95% CI, 2.610-9.682; P<0.001) (Table 3).

Multivariate Cox regression analysis revealed that the ALT value 
at 24 weeks after off-therapy (RR=3.430, 95% CI 1.302-9.034, 
P=0.013) could be an independent predictor of sustained vi-
rological suppression after the PEG-IFN-a regimen was com-
pleted (Table 3).

Subsequently, the difference between the ALT normalization 
group and the ALT abnormality group at 24 weeks after off-
therapy was compared by using the log-rank test. The cumu-
lative rate of virological suppression in the ALT normalization 
group (Group A1) was significantly greater than that in the ALT 
abnormality group (Group A2) (c2=30.645, P<0.001) (Figure 2).

Predictive Factors of Sustained Clinical Suppression

Univariate Cox regression analysis revealed that sustained 
clinical suppression after off-therapy was associated with a 
history of antiviral therapy (RR=0.279; 95% CI, 0.098-0.794; 
P=0.017); ALT value at the initiation of the PEG-IFN-a regimen 
(RR=1.002; 95% CI, 1.000-1.004; P=0.041); quantitative value of 
HBsAg at 36 weeks (RR=1.000; 95% CI, 1.000-1.001; P<0.001) 
and 48 weeks (RR=1.000; 95% CI, 1.000-1.000; P<0.001) during 
the course of the PEG-IFN-a regimen; AST value at 24 weeks 
during the course of the PEG-IFN-a regimen (RR=0.982; 95% 
CI, 0.966-0.999; P=0.036), and ALT normalization at 24 weeks 

Following-up period, year

0~ 1~ 2~ 3~ 4~

Data about virological relapse

Numbers of cases 108 80 64 53 43

Numbers of cases losting 2 9 8 9 6

The rate of relapse 0.2430 0.0927 0.0500 0.0206 0.0000

The rate of virological suppression 0.7570 0.9073 0.9500 0.9794 1.0000

The cumulative rate of virological suppression 0.7570 0.6868 0.6525 0.6391 0.6391

Data about clinic relapse

Numbers of cases 108 87 70 58 47

Numbers of cases lost 9 9 11 9 6

The rate of recurarence 0.1159 0.0970 0.0155 0.0374 0.0000

The rate of clinical suppression 0.8841 0.9030 0.9845 0.9626 1.0000

The cumulative rate of clinical suppression 0.8841 0.7983 0.7859 0.7565 0.7565

Table 2. Rate of virological/clinic relapse and cumulative rate of suppression after pegylated interferon-alpha regimen was completed.

37 patients with sustained viral suppression were followed up beyond 5 years. 41 patients with sustained non-recurrence were 
followed up beyongd 5 years.
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after off-therapy (RR=9.322; 95% CI, 4.042-21.499; P<0.001) 
(Table 4). Subsequently, multivariate Cox regression analysis 
revealed that a history of antiviral therapy (RR=0.147; 95% CI, 
0.026-0.824; P=0.029), ALT normalization at 24 weeks after off-
therapy (RR=4.131; 95% CI, 1.079-15.810; P=0.038), and the 
quantitative value of HBsAg at 48 weeks during the course 
of the PEG-IFN-a regimen (RR=1.000; 95% CI, 1.000-1.001; 
P=0.032) could be independent predictors of sustained clini-
cal suppression after the PEG-IFN-a regimen was completed 
(Table 4). When the predictor “quantitative value of HBsAg at 
48 weeks” was defined as measurement data in Cox regres-
sion analysis, the relative risk value was 1. It was necessary 
to convert measurement data into counting data. The quan-
titative value of HBsAg at 48 weeks was changed into a low 

quantitative value group of HBsAg (HBsAg £500 COI), middle 
quantitative value group of HBsAg (500-6000 COI HBsAg), and 
high quantitative value group of HBsAg (HBsAg >6000 COI). 
After the adjustment, the result of multivariate Cox regression 
analysis revealed that a history of antiviral therapy (RR=0.164; 
95% CI, 0.048-0.558; P=0.004), ALT normalization at 24 weeks 
after off-therapy (RR=5.467; 95% CI, 1.705-17.524; P=0.004), 
and the quantitative value of HBsAg at 48 weeks during the 
PEG-IFN-a regimen (RR=2.697; 95% CI, 1.051-6.920; P=0.039) 
were still independent predictors of sustained clinical suppres-
sion after the PEG-IFN-a regimen was completed (Table 4).

Subsequently, the difference between the ALT normalization 
group and the ALT abnormality group at 24 weeks after off-
therapy was compared using the log-rank test. The cumula-
tive rate of clinical suppression in the ALT normalization group 
(Group A1) was significantly greater than that in the ALT ab-
normality group (Group A2) (c2=40.686, P<0.001) (Figure 3A).

The difference between the group without a history of antivi-
ral therapy (Group B1) and the group with a history of antiviral 
therapy (Group B2) was also compared. The cumulative rate of 
clinical suppression in the group without a history of antiviral 
therapy was significantly greater than that of the group with 
a history of antiviral therapy (c2=4.460, P=0.035) (Figure 3B).

Then, the differences among the low quantitative value group 
of HBsAg (HBsAg £500 COI, Group C1), middle quantitative 
value group of HBsAg (HBsAg 500-6000 COI, Group C2), and 
high quantitative value group of HBsAg (HBsAg >6000 COI, 
Group C3) were compared using the log-rank test. As shown 
in Figure 3C, the cumulative rate of clinical suppression in 
the low quantitative value group of HBsAg was significantly 
greater than that of the other 2 groups (c2=15.016, P=0.001).

Factors
Univariate Multivariate

RR (95% CI) P RR (95% CI) P

HBsAg at 24 weeks 	 1.000	(1.000~1.000) 0.022 	 1.000	(1.000~1.000) 0.816

HBsAg at 36 weeks 	 1.000	(1.000~1.000) 0.000 	 1.000	(1.000~1.000) 0.717

HBsAg at 48 weeks 	 1.000	(1.000~1.000) 0.000 	 1.000	(1.000~1.000) 0.331

HBV DNA at 36 weeks 	 1.000	(1.000~1.000) 0.028 	 1.000	(1.000~1.000) 0.096

HBV DNA at 48 weeks 	 1.000	(1.000~1.000) 0.025 	 1.000	(1.000~1.000) 0.345

AST at 24 weeks 	 0.988	(0.978~0.999) 0.029 	 0.988	(0.975~1.002) 0.088

Time of treatment 	 0.961	(0.932~0.992) 0.013 	 0.991	(0.958~1.026) 0.614

ALT at 24 weeks of follow-up 	 5.027	(2.610~9.682) 0.000 	 3.430	(1.302~9.034) 0.013

Table 3. �Univariate and multivariate Cox analysis of factors associated with sustained virological suppression after pegylated 
interferon-alpha regimen was completed.

Peg-IFNa – pegylated interferon alfa; HBsAg – hepatitis B surface antigen; HBV – hepatitis B virus; ALT – alanine aminotransferase; 
AST – aspartate aminotransferase.
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Figure 2. �Comparison of the 5-year cumulative rate of virological 
suppression in different groups. Group A1, the normal 
alanine aminotransferase (ALT) value group at 24 
weeks after off-therapy; Gropu A2, the abnormal ALT 
value group at 24 weeks after off-therapy.
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Discussion

In the present study, we found that 35.19% of patients (38/108) 
who had completed the PEG-IFN-a regimen and met the cri-
teria of treatment withdrawal experienced virological relapse 
after the off-therapy period. Virological relapse (68.42%) of-
ten occurred during the first 48 weeks of the follow-up period. 
Furthermore, 21.30% of patients experienced clinical relapse 
(52.17%), which often occurred during the first 48 weeks of 
the follow-up period. The ALT value at 24 weeks of the follow-
up period could represent a predictor for sustained virological 
suppression. The history of antiviral therapy, quantitative val-
ue of HBsAg at 48 weeks of the course of the PEG-IFN-a regi-
men, and ALT value at 24 weeks of the follow-up period could 
be predictors for sustained clinical suppression.

To date, none of the available antiviral agents can kill HBV, which 
resides in the liver. For patients with active CHB, PEG-IFN-a and 
NA are the first-line antiviral agents recommended by the EASL 
guidelines [1], AASLD guidelines [9], and Asian Pacific Association 
for the Study of the Liver guidelines [15]. The advantage of the 
NA regimen is that it has fewer adverse effects on patients and 
the level of viral suppression is unusually high, but the disad-
vantage is an indefinite course of treatment, perhaps lifelong. 
Furthermore, virological relapse, clinical relapse, and even liver 
failure could occur after the withdrawal of the NA regimen [16]. 
We previously found that although patients who had been treat-
ed with NA met the criteria of withdrawal from NA treatment 
advised by AASLD guidelines, the cumulative rates of virological 
recurrence at 1, 2, 3, and 4 years of the follow-up period were 
72.5%, 77.5%, 80.0%, and 82.5%, respectively [17]. The relapse 
rate was 85.2% during the first 48 weeks after withdrawal from 
the NA regimen [17]. However, compared with our previous re-
port, the cumulative rate of virological relapse in the present 

study was relatively lower. This difference might be caused by 
different pharmacological strategies that PEG-IFN-a aimed on 
the induction of a long-term immune control by finite treatment 
as well as NA aimed on controlling hepatitis flare and disease 
progression by inhibiting viral replication [1].

Covalently closed circular DNA (cccDNA) of HBV that persis-
tently resides in the nucleus of hepatocytes could be related to 
virological recurrence after off-therapy [18]. The cccDNA level 
of HBV mildly decreases after patients with CHB are treated 
with NA [19]. NA inhibits de novo virus production by inhibit-
ing the viral reverse transcriptase and reduces virus titers [20]. 
However, they cannot cure CHB infection because they do not 
directly target cccDNA [20]. As a result, patients with CHB treat-
ed with NA have a high risk of recurrence after the discontinu-
ation of the NA regimen [21-23]. Meanwhile, the cccDNA lev-
el of HBV is dramatically reduced after patients with CHB are 
treated with PEG-IFN-a [24]. Interferons and tumor necrosis 
factor a as the key factors produced by immune cells can fur-
ther promote non-cytolytic inhibition of HBV replication and 
result in cccDNA destabilization [25]. Furthermore, compared 
with cccDNA levels of patients with CHB treated with IFN-a, 
cccDNA levels of HBV are significantly decreased in patients 
treated with PEG-IFN-a [26]. These findings imply that PEG-
IFN-a could clear cccDNA by mediating the immune response.

PEG-IFN-a could promote the proliferation of cytotoxic T cells 
and activate natural killer cells and macrophages, which could 
kill cells infected with virus and promote the proliferation and 
maturation of dendritic cells [27-31]. Interferons can also in-
duce apolipoprotein B mRNA-editing enzyme catalytic polypep-
tide-like 3G (Apobec3G) protein expression in association with 
STAT3 activation [32]. Apobec3G can induce G to A hyper mu-
tation in HBV DNA, which strongly inhibits replication and the 

Factors
Univariate Multivariate Multivariate after adjustment

RR (95% CI) P RR (95% CI) P RR (95% CI) P

Antiviral history 	 0.279	(0.098~0.794) 0.017 	 0.147	(0.026~0.824) 0.029 	 0.164	(0.048~0.558) 0.004

ALT at 0 week 	 1.002	(1.000~1.004) 0.041 	 1.002	(0.999~1.005) 0.114 – –

AST at 24 weeks 	 0.982	(0.966~0.999) 0.036 	 0.981	(0.953~1.009) 0.175 – –

HBsAg at 36 weeks 	 1.000	(1.000~1.001) 0.000 	 1.000	(0.999~1.000) 0.314 – –

HBsAg at 48 weeks 	 1.000	(1.000~1.000) 0.000 	 1.000	(1.000~1.001) 0.032 	 2.697	(1.051~6.920) 0.039

ALT at 24 weeks of 
follow-up

	 9.322	(4.042~21.499) 0.000 	 4.131	(1.079~15.810) 0.038 	 5.467	(1.705~17.524) 0.004

Table 4. �Univariate and multivariate Cox analysis of factors associated with sustained clinical suppression after pegylated interferon-
alpha regimen was completed.

Peg-IFNa – pegylated interferon alfa; HBsAg – hepatitis B surface antigen; ALT – alanine aminotransferase; AST – aspartate 
aminotransferase.
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HBV lifecycle by interacting with HBV core protein [32]. These 
mechanisms could be the reason for sustained virological re-
sponse and high rates of HBsAg and HBeAg seroconversion 
when PEG-IFN-a is used to treat patients with CHB. Compared 
with the cumulative rate of virological suppression after the 
completion of the NA regimen [17], the cumulative rate of vi-
rological suppression after the completion of the PEG-IFN-a 
regimen was relatively higher in the present study. This result 
might be a benefit of the long-term immunological control [1]. 
Moreover, the cumulative rate of clinical suppression in the 
present study was relatively higher than the cumulative rate 
of virological suppression after off-therapy. Taken together, the 
advantages of the PEG-IFN-a regimen might be as follows: re-
ducing cccDNA levels [21], mediating the immune response to 
pathogens, and decreasing the risk of relapse after off-thera-
py. Therefore, we believe that some patients with CHB should 
be recommended to take a PEG-IFN-a regimen if they desire 
a finite course of therapy.

For child-bearing women with active CHB, it might be an opti-
mal choice to complete a finite course of this regimen before 
conception. As a result, the PEG-IFN-a regimen might be cho-
sen to treat child-bearing women with active CHB. However, 
patients with CHB receiving the PEG-IFN-a regimen are recom-
mended to become pregnant at least after 6 months of with-
drawal of PEG-IFN-a therapy because of the possible teratoge-
nicity of the medicine [1,9,15]. Could we have nothing to worry 
about after meeting the criteria of off-therapy and just recom-
mend that patients wait 6 months to get pregnant? The answer 
is no. In the present study, 35.19% of patients (38/108) who 
met the criteria of off-therapy after completion of the course 
of PEG-IFN-a treatment showed virological relapse during the 
5-year follow-up period. Most of these patients with virolog-
ical relapse (68.42%) showed the relapse during the first 48 
weeks of the follow-up period. Furthermore, 21.30% of pa-
tients showed clinical relapse. Most of these patients with 
clinical relapse (52.17%) also showed clinical relapse during 
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Figure 3. �(A) Difference in the cumulative rate of clinical suppression between A1 and group A2 (P<0.01). Group A1, the normal alanine 
aminotransferase (ALT) value group at 24 weeks after off-therapy; Gropu A2, the abnormal ALT value group at 24 weeks 
after off-therapy. (B) Difference in the cumulative rate of clinical suppression between B1 and group B2 (P=0.035). Group 
B1, patients with a history of antirival treatment. Group B2, patients without a history of antirival treatment. (C) Difference 
in the cumulative rate of clinical suppression among group C1, C2 and C3 (P=0.001). Group C1, HBsAg £500 COI, the low 
HBsAg value group at 48 weeks of PEG-IFN-a treatment. Group C2, HBsAg 500-6000 COI, the middle HBsAg value group 
at 48 weeks of PEG-IFN-a treatment. Group C3, HBsAg >6000 COI, the high HBsAg value group at 48 weeks of PEG-IFN-a 
treatment. HBsAg – hepatitis B surface antigen; PEG-IFN-a – pegylated interferon-alpha.
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the first 48 weeks of the follow-up period. Altered immunity 
in the state of pregnancy can increase the risk of HBV flares, 
which is reported to be about 6% to 14% in women with CHB 
during pregnancy [33,34]. If women suffered from virological 
relapse during pregnancy, they would run a risk of having high 
HBV DNA levels and severe flares because the rate of virolog-
ical relapse after PEG-IFN-a off-therapy was relatively high in 
the first 48 weeks. As a result, these patients should receive 
an NA regimen to control the disease and decrease HBV DNA 
levels to prevent mother-to-child transmission of HBV dur-
ing late pregnancy. Taken together, child-bearing women who 
had already completed the PEG-IFN-a regimen should plan to 
become pregnant at least after 48 weeks of the discontinua-
tion of PEG-IFN-a therapy. Fortunately, the rate of clinical re-
lapse was relatively low after PEG-IFN-a therapy in the pres-
ent study. Therefore, these patients might not need to receive 
the NA regimen (tenofovir [TDF] or telbivudine [LDT]) during 
early pregnancy, which could have a potential adverse effect 
on the embryo.

PEG-IFN-a has only a moderate level of viral suppression, while 
NA usually has a high level [1,35]. The viral suppression rate 
was just 7% to 14% after PEG-IFN-a off-treatment [10,36]. 
Thus, there are many studies available to find the pre-treat-
ment predictive factors for choosing the suitable patients for 
a favorable virological response [37,38]. Low viral load, high 
serum ALT levels, HBV genotype, and high activity scores on 
liver biopsy are the acknowledged pretreatment predictors of 
favorable virological response [1,35]. Although patients already 
had the virological response and met the criteria of treatment, 
the rate of virological relapse after PEG-IFN-a off-therapy was 
relatively high in the present study. Therefore, it is urgent to 
find predictors for long-term efficacy of the PEG-IFN-a regimen.

Guidelines suggest that serum HBsAg levels are the most im-
portant on-treatment predictor of response to PEG-IFN-a [1]. 
Treatment failure can be predicted based on the quantitative 
level of HBsAg during therapy since no decline in HBsAg lev-
els at week 12 is associated with a negative predictive value 
of 97% for a sustained viral response and 100% negative pre-
dictive value for HBsAg loss [39]. However, it might not be re-
liable in predicting treatment success because the best pos-
itive predictive values for sustained HBeAg seroconversion 
are 57% and 54%, which occur when HBsAg levels are under 
1500 IU/mL at 12 and 24 weeks of therapy, respectively [40]. 
Furthermore, the corresponding negative predictive values are 
72% and 76%, respectively [41]. These studies all focused on 
the response during treatment. Predictors for the long-term 
efficacy of the PEG-IFN-a regimen after meeting the criteria 
are still unknown.

In the present study, we also found that the quantitative val-
ues of HBsAg at 24, 36, and 48 weeks of the therapy could be 

predictors of sustained response, according to the univariate 
Cox regression analysis. The results were similar to studies 
mentioned previously [39-41]. The quantitative value of HBsAg 
at 48 weeks during the PEG-IFN-a regimen as a predictor was 
especially significant for sustained clinical suppression. This 
could be because the decrease in cccDNA level was accompa-
nied by a decrease in the quantitative value of HBsAg [42-44].

According to the multivariate Cox regression analysis results, 
we found that ALT normalization at 24 weeks of the follow-up 
period might be a predictor for both sustained virological and 
clinical suppression. The guidelines advised that a minimum 
follow-up of at least 1 year after treatment with ALT determi-
nations at least every 3 months be required to confirm sus-
tained off-treatment biochemical response because ALT activ-
ity often fluctuates over time [1,9,15]. Elevation in serum ALT 
can be caused by a hepatitis flare or immune-mediated tran-
sitions to inactive disease, even clearance of infection [45]. 
Most ALT flares resolved within a period of 1 to 2 months, and 
on-treatment ALT flares have been observed most common-
ly after interferon treatment [45]. ALT flare during interferon 
therapy is a favorable indicator of immune reconstitution that 
can lead to virologic response through upregulation of NK cell 
and T-cell activity [46,47]. However, ALT normalization at 24 
weeks after the PEG-IFN-a regimen could mean a biochem-
ical response, which always depended on the virological re-
sponse, as our study showed. In other research, there was a 
trend that an ALT flare to >10×ULN was associated with ALT 
normalization in HBeAg-negative patients at 6 months after 
PEG-IFN off-treatment [48], also showing ALT normalization 
at 24 weeks after PEG-IFN off-treatment could be a favorable 
predictor for the long-term efficacy of the PEG-IFN-a regimen.

This study had some limitations. First, this was a retrospec-
tive study and lacked an effective control group. Second, this 
was a single-center study. Finally, the sample size was rela-
tively small. To clarify the predictors of long-term PEG-IFN-a 
response, more randomized and controlled prospective stud-
ies are required in the future.

Conclusions

We believe that for patients receiving the PEG-IFN-a regimen, 
the quantitative value of HBsAg at 48 weeks during the course 
of the PEG-IFN-a regimen and ALT normalization at 24 weeks 
after off-therapy represent potential predictors of the long-
term efficacy of the PEG-IFN-a regimen. For patients with active 
CHB who desire a finite course of antiviral therapy, the PEG-
IFN-a regimen might represent a good choice. Furthermore, 
it is necessary to regularly monitor ALT and HBsAg, especially 
in the first 48 weeks after treatment.
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