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Abstract

AIM:  To examined the association between interferon therapy and loss of hepatitis B surface antigen (HBsAg) in inactive HBsAg carriers. 

METHODS: 

This was retrospective cohort study in inactive HBsAg carriers, who were treatment-naive, with a serum HBsAg level < 100 IU/mL and undetectable HBV DNA levels (< 100 IU/mL). All the 20 treated patients received subcutaneous peginterferon alfa-2a 180 µg/wk for 72 wk and were then followed for 24 wk. There were 40 untreated controls matched with 96 wk of observation. Serum HBsAg, HBV DNA, and ALT were monitored every 3 mo in the treatment group and every 3-6 mo in control group.   
RESULTS: Thirteen of 20 treated patients (65.0%) achieved HBsAg loss, 12 of whom achieved HBsAg seroconversion. Mean HBsAg levels in treated patients decreased to 6.69±13.04 IU/mL after 24 weeks of treatment from a baseline level of 26.22 ± 33.00 IU/ml. Serum HBV DNA level remained undetectable (< 100 IU/mL) in all treated patients during the study. HBsAg levels of the control group decreased from 25.72 ± 25.58 IU/mL at baseline to 17.11 ± 21.62 IU/mL at week 96 (P = 0.108). In control group, no patient experienced HBsAg loss/seroconversion, and 2 (5.0%) developed HBV reactivation.
CONCLUSION: Interferon treatment results in HBsAg loss and seroconversion in a considerable proportion of inactive HBsAg carriers with low HBsAg concentrations. 
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Core tip: This study examined the association between interferon therapy and loss of hepatitis B surface antigen (HBsAg) in inactive HBsAg carriers. This was a retrospective cohort study in inactive HBsAg carriers with a serum HBsAg level < 100 IU/mL and persistently undetectable HBV DNA level (< 100 IU/mL). All the 20 treated patients received subcutaneous peginterferon alfa-2a 180 µg/wk for 72 wk and were then followed for 24 wk. Interferon treatment results in HBsAg loss (65.0%) and seroconversion in a considerable proportion of inactive HBsAg carriers with low HBsAg concentrations. In control group, no patient experienced HBsAg loss/seroconversion, and 2 (5.0%) developed HBV reactivation.
Li MH, Xie Y, Zhang L, Lu Y, Shen G, Wu SL, Chang M, Mu CQ, Hu LP, Hua WH, Song SJ, Zhang SF, Cheng J, Xu DZ. HBsAg clearance in inactive HBsAg carriers treated by peginterferon alfa-2a. World J Hepatol 2016; In press

INTRODUCTION 
Chronic hepatitis B virus (HBV) infection is the leading cause of end-stage liver disease or hepatocellular carcinoma (HCC) throughout the world. In nature history of chronic HBV infection, hepatitis B surface antigen (HBsAg) inactive carriers, defined as HBsAg positive, HBeAg-negative/antiHBe-positive, undetectable HBV DNA level and normal ALT levels, commonly have good long-term clinical outcomes and thus are not recommended for antiviral treatment [1-3]. However, this inactive carrier status was not always sustained. 14% to 24% of inactive carriers have reactivation after years of quiescence disease, and 4.2% to 20% of them reverse back to HBeAg positivity[4-7], with increased cumulative probabilities of reactivation of hepatitis B after years of follow-up, respectively[8]. Compared to a control subcohort (negative for HBsAg), inactive HBsAg carriers have higher risks of hepatocellular carcinoma and liver-related death[9], specially these in countries with a high prevalence of HBV infection[8,9]. While 100% and 90% of patients had improvement and stable of liver Inflammation and liver fibrosis[10], and no HCC occurred in patients with HBsAg clearance after interferon treatment[11]. Nevertheless, spontaneous HBsAg loss occurred in inactive carriers only at rate from 1% to 1.5% per year observed in Caucasians[12]and Asians[13]. HBsAg clearance is considered as patients recover from HBV infection, and has been as an aim of antiviral therapy[2]. In real life, people with HBsAg positive was limited work in some position, such as diet, cosmetic surgery and conservation, in China, and many of them try to obtain HBsAg loss with some effective methods.  

 Interferon (IFN) treatment exerts direct antiviral as well as immunoregulatory effects[14], and can induce specific and nonhepatotoxic degradation of nuclear hepatitis B virus cccDNA[15], increased HBV-specific T-cell responses in chronic HBV infected patients with undetectable levels of serum HBV DNA[16]. This retrospective cohort study was conducted to evaluate the efficacy of peginterferon alfa-2a treatment in chronic inactive carriers with low HBsAg level.  

MATERIALS AND METHODS

Selection of patients 

A Retrospective cohort study including inactive HBsAg carriers attending the department of hepatology, Beijing Ditan Hospital, Capital Medical University between May 2008 and August 2012 was conducted. We diagnosed inactive HBsAg carriers based on their history of HBV infection, HBV DNA and serological markers, liver function, and excluded cirrhosis, Diagnosed as patients with liver stiffness ( 9 kPa or performance of portal hypertension (spleen enlargement with reduction in counts of PLT), by FibroScan and Ultrasonic examination. Patients who were treatment-naive with HBsAg positive, anti-HBs-negative and HBeAg negative for more than 6 months, had persistently undetectable HBV DNA levels (< 100 IU/mL) and normal ALT levels (< 19 IU/mL for females and < 30 IU/mL for males (measured every 3-6 mo) during the preceding 2 years, and serum HBsAg < 100 IU/mL on two occasions during the month prior to enrollment were included in the study. All participants were excluded with other liver diseases, co-infection of hepatitis C virus, hepatitis D virus, or HIV, and had no immunosuppressive or antiviral drugs treated history. It is a pity that the HBV genotype cannot be get for reason of undetectable HBV DNA level in the subjects. But epidemiological studies showed the HBV genotypes in China were mainly genotype B and C[17-18] .
Participants in treatment group contained all the patients who wish to try interferon treatment for achieve HBsAg loss and had completed 72 wk of treatment with peginterferon alfa-2a and 24 wk of follow-up after completing treatment. In order to eliminate a bias, there were 40 controls matched for age, sex, and HBsAg level, and undetectable HBV DNA with persistently normal ALT levels from 284 untreated patients who had attended the clinic in the department of hepatology and finished 96 wk observation during the same period as treated patients. 
Ethics approval

The study adhered to the Declaration of Helsinki and ethics approval was obtained from the Beijing Ditan Hospital of Capital Medical University Institutional Review Board. Written informed consent was obtained from all subjects before enrolment.

Treatment and follow-up

The treated cohort comprised 20 patients who had received subcutaneous peginterferon alfa-2a at a dosage of 180 µg/wk for 72 wk and had been followed for 24 wk after completing treatment while the control cohort comprised 40 matched patients who had finished 96 wk of observation. 

     None of the participants received immunosuppressive or oral antiviral drugs during the study period. In treated patients, serum HBsAg, anti-HBs and HBV DNA levels were measured once every 3 mo, and peripheral blood neutrophil and platelet counts, and liver and kidney function tests were performed once every 1-3 mo. These biomarkers were measured once every 3-6 mo in controls.  
Safety and efficacy assessments  

Kidney and liver function biomarkers, including serum creatinine, blood urea nitrogen, ALT, aspartate aminotransferase (AST), albumin (ALB) and total bilirubin (Tbil) concentrations, were measured by an automated biochemical analyzer. Peripheral blood neutrophil and platelet counts were measured by an automatic blood cell analyzer. 

     HBV DNA was measured by a commercially available real-time fluorescence PCR kit with a limit of detection of 100 IU/mL (Piji Company, Shenzhen City, China). HBsAg concentrations were quantified by an automated chemoluminescent microparticle immunoassay (Architect i2000 HBsAg quantitative assay, Abbott Laboratories, Abbott Park, IL, United States, sensitivity < 0.05 IU/mL; dynamic range 0.05-250 IU/mL). HBsAg loss was defined as HBsAg concentration < 0.05 IU/mL. Anti-HBs was measured by an Architect i2000 kit (Abbott Laboratories, dynamic range of 0.00-1000 mIU/mL) with concentrations ≥ 10 mIU/L being considered positive. The primary efficacy endpoints were HBsAg loss and seroconversion.

Statistical analysis

Unless otherwise stated, clinical and biological outcomes before and after treatment were expressed as mean ± SD or median (range), and compared using paired Student’s t-tests, with a P value of less than 0.05 being considered to be statistically significant. Qualitative variables were presented as counts and percentages and compared using Fisher’s exact test. All statistical analyses were performed using SPSS statistical software version 13.0 (Chicago, IL, United States).   
RESULTS
Patients and clinical characteristics

A total of 60 inactive chronic HBsAg carriers were included in the study, 20 of whom were in the treated group and 40 in the control group. There were no significant differences in the baseline characteristics between the treated and control groups (Table 1). However, in treatment group, the patients achieved HBsAg loss had lower HBsAg baseline of 8.09 (3.81-22.50) IU/mL and were younger (age of 31.46 ( 12.16 yr) than those (HBsAg baseline 18.95 (2.85-83.00) IU/mL and age of 38.24 ( 9.25 yr), but without statistical significance, of patients without HBsAg loss after treatment.

HBsAg kinetics and clinical outcomes
HBsAg levels decreased with increasing treatment period in the treated group (Figure 1). Among patients treated with peginterferon alfa-2a, the mean HBsAg level decreased by 55.98% from baseline to week 12 (from 26.22 ± 33.00 IU/mL to 11.59 ± 20.83, P = 0.108), by 74.59% from baseline to week 24 (to 6.69 ± 13.04 IU/ml, P = 0.024 versus baseline), and was 0.45 IU/mL (range, 0.02–2.44 IU/ml) at the end of follow-up (week 96). Of the 20 treated patients, 13 achieved HBsAg loss, 12 occurred during treatment and 1 at follow time, with mean of 40.62 ± 22.74 mo after the initiation of treatment, in which 12 achieved HBsAg seroconversion (Table 1). 80% (8/10) of patients with HBsAg ( 10 IU/ml obtained HBsAg loss by treatment. In the remaining 7 treated patients, the mean HBsAg level decreased by 66.93% from baseline to the end of follow-up (from 37.43 ± 38.69 IU/mL to 8.20 ± 15.69 IU/mL, P = 0.049). Serum HBV DNA remained undetectable (< 100 IU/mL) in all treated patients during the treatment and follow-up period, and there was no patients occurred HBsAg return to positive during study course. In contrast, mean HBsAg levels of the control group remained relatively stable over 96 wk and were 25.72 ± 25.58 IU/mL and 17.11 ± 21.62 IU/mL at baseline and week 96 (P = 0.108; Figure 1), respectively. No patients in the control group experienced HBsAg loss/seroconversion, and 2 (5.0%) experienced HBV reactivation, defined serum HBV DNA returned to positive from undectable level (< 100 IU/mL) (Table 1). 
Safety

Among all patients in the treated group, peripheral blood neutrophil counts decreased with lower limits of 0.85 × 109/L in 13 (65.0%) individuals. The platelet counts also decreased, lowest to 6.0 × 1012/L in 8 patients (40.0%), and dose reductions were not required. Serum creatinine and blood urea nitrogen remained stable during treatment with peginterferon alfa-2a. Five patients had loss in body weight and 6 patients had mild hair loss during treatment. There were no thyroid dysfunction and neuropsychiatric adverse effects, including depression, delirium, irritability and agitation. All adverse reaction disappeared after therapy discontinued 3-6 months.  

  ALT levels increased during treatment in 18 of 20 (90.0%) treated patients, and 9 (45.0%) individuals experienced ALT > 80 IU/L. However, bilirubin levels remained within normal limits throughout treatment and follow-up in all treated patients. Normalization of ALT levels coincided with HBsAg loss and/or the end of treatment, and was maintained during follow-up.

DISCUSSION
HBsAg level reflects the transcriptional activity of the cccDNA and is used as a proxy measure of HBV-infection and for treatment guidance[19-21]. HBsAg declines during treatment and levels at end of treatment can predict HBeAg seroconversion in HBeAg-positive patients[22-24] and sustained viral response in HBeAg-negative patients after treatment[25-27]. Thus inactive HBsAg carriers were not recommended for antiviral therapy[1-3]. However, this inactive state was not always sustained. A long-term follow up study showed cumulative probabilities of hepatitis relapse in inactive HBsAg carriers of 10.2%, 17.4%, 19.3%, 20.2%, and 20.2% after 5, 10, 15, 20, and 25 years of follow up, respectively, with an annual rate of 1.55%[28]. Another long-term longitudinal study (up to 23 years) showed that 1%–17% of inactive carriers reverted back to HBeAg-positive chronic hepatitis[4]. Cirrhosis and HCC may still develop in some inactive hepatitis B surface antigen (HBsAg) carriers[28-30]. There was no cirrhosis or HCC occurred in patients with HBsAg loss after IFN treatment, indicating that HBsAg clearance is currently the only parameter associated with an excellent long-term prognosis[10],and the strongest factor predicting excellent long-term outcome in life time of HBV infected individuals is HBsAg loss spontaneous or after treatment[10]. So that it could be speculated that inactive HBsAg carriers should get further improvement in outcomes if HBsAg loss could be achieved after interferon treatment.  

This study contained all participants who were inactive carriers with HBsAg ( 100 IU/mL and wish to obtain HBsAg clearance by peginterferon α-2a treatment during the study period. Although without the diagnosis of the liver pathology, the patients could be considered as inactive for having undetectable HBV DNA and persistent ALT normal for 2 years, serum HBV DNA ＜ 100 IU/mL with HBsAg ＜ 100 IU/mL at enrolled study. It were reported that HBsAg ＜ 1000 IU/mL with HBV DNA ＜ 2000 IU/mL can distinguish inactive from active carriers with 94.3% diagnostic accuracy, 91.1% sensitivity, 95.4% specificity, 87.9% positive predictive value, 96.7% negative predictive value[31]. Although present study was not a randomized control study, all treated inactive carriers with HBsAg < 100 IU/mL were included and matched controls according to age, sex, and HBsAg and ALT levels for eliminating the bias.  

Effects, including the probability of HBsAg clearance, can be enhanced by extended therapy of peginterferon α-2a[32]. In our study the patients were given 72 wk of treatment. After 12 weeks of treatment with peginterferon alfa-2a, HBsAg levels decreased significantly compared with baseline levels. Furthermore, at the end of study, HBsAg loss occurred in most of treated patients, and HBsAg levels in the remaining seven treated carriers who did not achieve HBsAg loss decreased significantly. In contrast, mean HBsAg levels of the control group remaining constant during 96 wk of observation and no patients experienced HBsAg loss. It was shown that inactive HBsAg carriers could get effects from peginterferon alfa-2a treatment. 

In present study, all participants had HBsAg < 100 IU/mL and they may have a good long term clinical outcome, even occurred HBsAg loss after long term follow-up. However, it was reported that spontaneous HBsAg loss in patients with HBsAg < 100 IU/mL occurred at a mean of 86.6 ± 29 mo (range, 26–115) with annual rate of 1.6% after the baseline visit[33], and in present study after 72 wk treatment of peginterferon α-2a, HBsAg clearance occurred in 65% treated objects. In Tseng et al[34] study, HBsAg levels < 10 IU/mL at baseline is the strongest predictor of HBsAg loss. But the rate of HBsAg loss was only 7.4 per 100 P-yers and it occurred at mean of 5.8 ( 4.2 years. Although half of the subjects included in this study already had HBsAg < 10 IU/mL and undetectable HBV DNA, there was 80% (8/10) of them achieved HBsAg loss after 72 week of interferon treatment. It was suggested that peginterferon α-2a treatment can make inactive carriers achieve HBsAg clearence in a short-term time compared with spontaneous HBsAg loss occurred in nature history. Although Chen YC and colleagues reported in a case control study that the PPV of patients with HBsAg levels of 200 IU/mL to predict HBsAg loss occurred within 1 year was 36%, of which the study design, 46 patients who underwent spontaneous HBsAg loss matched 46 patients without HBsAg loss to observe the difference of HBsAg decrease between two groups during the study period[35], was difference to present study. Above results suggested that inactive carriers can receive peginterferon α-2a therapy to increase the probability of HBsAg clearance and shorten the time compared with which occurred in nature history.  

In conclusion, our study demonstrated that treatment with peginterferon alfa-2a produced a high rate of HBsAg loss/seroconversion in inactive carriers with low HBsAg levels. However, Whether or not inactive carriers with HBsAg levels more than 100 IU/mL could obtain benefits from peginterferon α-2a treatment need further studied.  
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Background
Although inactive HBsAg carriers is often without liver inflammation and not be recommended to treatment. However, hepatitis relapse could occurred or revert back to HBeAg-positive chronic hepatitis, and cirrhosis and hepatocellular carcinoma (HCC) may still develop in some inactive hepatitis B surface antigen (HBsAg) carriers in a long-term follow up, and no cirrhosis or HCC occurred in patients with HBsAg loss after IFN treatment. So, HBsAg loss and seroconversion to anti-HBs is generally considered to be the ultimate goal of therapy, indicating a complete response to treatment and the resolution of the disease. It was suggested that inactive HBsAg carriers could get benefits from interferon treatment if HBsAg loss achieved after treatment. 

Research frontiers
HBsAg loss was the goal and ideal end-point of treatment in chronic hepatitis B. The spontaneous rate of HBsAg loss in inactive carriers was only 0.5%-2.5% per year, and HBsAg clearance occurred at a mean of 86.6 ± 29 mo (range, 26–115) after the initial visit, even patients with an HBsAg level < 10 IU/ml, require a mean of 5.8 ± 4.2 years to achieve HBsAg clearance. 
Innovations and breakthroughs
In contrast to chronic hepatitis B, low rate of HBsAg loss achieved after interferon treatment, inactive HBsAg carriers with HBsAg ( 100 IU/ml could obtained high rate of HBsAg loss after PEG-IFN treatment and shortened the time need compared it occurred spontaneous.  

Applications
Inactive HBsAg carriers will benefits from PEG-IFN treatment, if HBsAg loss achieved after limited time of PEG-IFN therapy.

Terminology
Inactive HBsAg carriers is the patients with HBsAg-positive, but with low hepatitis B virus replication and not liver inflammation. HBsAg loss was defined as an HBsAg concentration < 0.05 IU/mL, and seroconversion defined as HBsAg concentration < 0.05 IU/mL and anti-HBs level ≥ 10 mIU/L. HBsAg loss is considered patients recover from HBV infection.   
Peer-review

The manuscript entitled "HBsAg clearance in inactive HBsAg carriers treated by peginterferon alfa-2a" discusses a possible application of an interferon therapy in inactive HBsAg carriers with a very low HBsAg level. The authors report that in their study the HBsAg disappeared in 65% of treated patients. This result seems to be very good, taking into account that usually HBsAg clearance is rarely observed.
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Table 1 Baseline characteristics and outcomes at end of treatment and follow-up

	Characteristics
	Treatment group
	Control group
	P value

	No.
	20
	40
	

	Mean age at entry in yrs ± SD

 Age > 40 yr, n (%)
	33.80 ( 11.45

4 (20.0)
	33.85 ( 8.37

11 (27.5)
	0.985

0.527

	Men: women, n
	15:5
	30:10
	1.000

	Mean ALT baseline U/L ± SD
	23.46 ( 8.78
	21.24 ( 10.26
	0.874

	HBsAg level (IU/mL)

Mean ± SD  

Median (Q1, Q3)

95% CIPatients with 10-100 IU/mL, n (%)
Patients with < 10 IU/mL, n (%)
	26.22 ( 33.00

11.36 (3.52-37.40)

10.77, 41.75

10 (50.0)

10 (50.0)
	25.72 ( 5.58 

15.81 (4.59-40.15)

17.54, 33.90

22 (42.5)

18 (57.5)
	0.949

0.714

	Mean decline in HBsAg level at EOT (IU/mL) ± SD
	22.33 ( 29.45
	5.76 ( 17.67
	0.009

	Median HBsAg level at EOT (IU/mL)

(Q1, Q3)
	0.04 (0.02, 0.55)

95%CI: -0.68, 8.53
	13.21 (2.97, 30.31)

(95%CI: 12.8, 27.12)
	0.003

	Mean decline in HBsAg level at EOF (IU/mL)±SD
	23.36 ( 29.47
	8.61 ( 19.32
	0.023

	Median HBsAg level at EOF (IU/mL)

 (Q1, Q3)
	0.45 (0.02, 2.44)

(95%CI: -1.63, 7.43)
	5.69 (1.50, 20.88)

(95%CI: 10.20, 24.03)
	0.007

	HBsAg loss, n (%)
	13(65.0%)
	0 (0)
	0.000

	HBsAg seroconversion, n (%)
	12(60.0)
	0(0)
	0.000

	HBV DNA reactive, n (%)
	0 (0)
	2 (5.0)
	0.309


ALT: Alanine aminotransferase; CI: Confidence interval; EOF: End of follow-up; EOT: End of treatment; HBeAg: Hepatitis B envelope antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; SD: Standard deviation.
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Figure 1 Mean hepatitis B surface antigen levels decreased in a time-dependent manner in treated patients and were significantly lower than baseline levels from week 12.
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