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Abstract

Introduction: Hepatitis B surface antigen (HBsAg) loss is associated with improved long-

term outcomes of patients with chronic hepatitis B but is infrequently achieved with current 

monotherapies. We assessed whether combination strategies that included treatment withdrawal 

enhanced HBsAg loss.

Methods: A randomized (1:1) trial of tenofovir disoproxil fumarate (TDF) for 192 weeks with 

or without peginterferon (PegIFN) alfa-2a for the first 24 weeks, followed by withdrawal of TDF 

at week 192 with 48 weeks of off-treatment follow-up to week 240. The primary endpoint was 

HBsAg loss at week 240.

Results: Of 201 participants (52% HBeAg-positive,12%/6% genotype A/A2, 7% cirrhosis) 

randomized to TDF+PegIFN (n=102) or TDF alone (n=99) 6 participants had lost HBsAg at 

the end of the treatment phase (week 192), 5 (5·3%) in the combination group and 1 (1·0%) 

in the TDF alone group (p=0·09). By week 240, 9 participants had cleared HBsAg, 5·3% in 

combination and 4·1% in monotherapy arms (p=0·73). HBsAg decline and loss occurred earlier 

with TDF+PegIFN than TDF, with a ≥1-logIU/mL qHBsAg decline by week 24 in 28% compared 

to 6% in TDF (p=0.04). HBsAg loss occurred in 7 of 12 (58%) with HBV subgenotype A2 (all 

HBeAg-positive) compared to only 2 of 189 (1%) with other HBV genotypes, and in 8 of 93 

(8·6%) HBeAg-positive versus 1 of 87 (1·1%) HBeAg-negative.

Discussion: Peginterferon combined TDF followed by protocolized TDF withdrawal led to 

earlier but not higher percentages of HBsAg clearance. Pre-treatment HBeAg positivity and 

subgenotype A2 were strongly associated with HBsAg clearance.

Source of funding: NIH-NIDDK ClinicalTrials.gov ID NCT01369212
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INTRODUCTION

Chronic infection with the hepatitis B virus (HBV) is a global health problem that afflicts 

296 million people and results in an estimated 900,000 deaths each year primarily from 

decompensated cirrhosis or hepatocellular carcinoma.1 While the past two decades have 

witnessed significant advances in the treatment of chronic hepatitis B (CHB), there is an 

appreciable need for therapies that yield higher rates of functional cure. Defined as sustained 

loss of hepatitis B surface antigen (HBsAg) and undetectable HBV DNA off treatment, 

functional cure is associated with the best long-term survival and lowest incidence of 

hepatocellular carcinoma.2

Currently approved therapies include nucleoside analogues (NAs) and peginterferon 

(PegIFN) alfa-2a.3 NAs rapidly reduce serum HBV DNA, normalize serum aminotransferase 

levels, improve liver histology, and reduce liver-related adverse events.4 However, NAs 

have minimal if any effect on covalently closed circular HBV DNA, that resides in the 

nucleus of infected hepatocytes as episomal DNA, and very low rates of HBsAg clearance. 

PegIFN directly inhibits HBV transcription and is associated with activation of interferon-
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inducible genes that influence innate and adaptive immune responses to HBV, facilitating 

clearance of cccDNA5 and achieving higher rates of HBsAg loss in the short-term compared 

to NAs, though overall rates are low.6 Combining the two drug classes is a potential 

strategy to improve rates of HBsAg loss. A recent meta-analysis reported a pooled rate 

of HBsAg loss of 9% (95% CI: 7-12%)7 among patients treated with PegIFN and NA 

combination therapy, but with moderate heterogeneity contributing to uncertainty. Another 

strategy used to enhance HBsAg clearance is withdrawal of NAs after years of sustained 

HBV DNA suppression.8 Interpreting withdrawal study results is hampered by variable NA 

exposure before withdrawal 9–14, heterogeneity in HBeAg status at NA therapy initiation and 

differences in retreatment criteria. Furthermore, few studies have used a prospective study 

design.10,12,15 No prior study has examined whether these two strategies -- PegIFN added to 

NA followed by systematic withdrawal of NA after an interval of sustained viral suppression 

-- can enhance the probability of HBsAg loss.

The Hepatitis B Research Network (HBRN) Immune-Active Trial was designed to evaluate 

whether these two strategies (addition of PegIFN to NA and NA withdrawal) enhance 

HBsAg loss.

METHODS

Study design

This was a randomized (1:1) parallel-group trial comparing the safety and efficacy of 

PegIFN alfa-2a (180 μg subcutaneously once weekly) for the initial 24 weeks combined 

with TDF (300 mg orally once daily) for 192 weeks compared to TDF alone for 192 

weeks (ClinicalTrials.gov ID NCT01369212). After completing 192 weeks of treatment, 

participants meeting criteria for treatment discontinuation stopped TDF treatment and were 

followed for another 48 weeks (total duration of treatment and follow up was up to 240 

weeks). Participants who did not meet criteria or who refused discontinuation remained on 

TDF treatment for another 48 weeks (to week 240).

The study was conducted by the HBRN, a multicenter network funded by the National 

Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, to 

prospectively study the natural history of chronic hepatitis B (CHB) and to conduct clinical 

trials in both children and adults. This trial was conducted at 21 clinical sites (12 consortium 

sites and nine subsites) in the United States and one in Canada, with the University of 

Pittsburgh serving as Data Coordinating Center.

Participants

Participants who met the following criteria were eligible: (1) at least 18 years of age; 

(2) chronic HBV infection based on detection of HBsAg or HBV DNA >1,000 IU/mL 

for a minimum of 24 weeks or histological evidence of CHB; (3) HBeAg-positive or 

negative; (4) HBV DNA levels ≥1000 IU/mL on 2 occasions at least 4 weeks apart within 

32 weeks of randomization; and (5) at least two elevated serum alanine aminotransferase 

(ALT) levels (>45 U/L for males and >30 U/L for females) at least 4 weeks and no more 

than 32 weeks apart with the second being within 8 weeks before randomization. All 
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participants underwent liver biopsy within 144 weeks of randomization and were required 

to have a histology activity index (HAI) score ≥3 or fibrosis score ≥1 by the modified Ishak 

system.16 Absence of hepatocellular carcinoma was required as shown by alpha-fetoprotein 

levels ≤20ng/mL within 8 weeks and negative abdominal imaging within 28 weeks of 

randomization.

Key exclusion criteria were: ALT >450 U/L for males and >300 U/L for females; 

treatment with PegIFN or NA within 48 weeks of randomization; more than 48 weeks 

of therapy with NA for hepatitis B at any time in the past; a past or current history of 

hepatic decompensation or hepatocellular carcinoma; platelet count <90,000 /mm3, absolute 

neutrophil count <1500 /mm3 (<1000/mm3 for African-Americans), direct bilirubin >0·5 

mg/dL, albumin <3·5 g/L, INR >1·5, estimated creatinine clearance <60 mL/minute; human 

immunodeficiency virus, hepatitis D or hepatitis C virus co-infection; or pre-existing 

medical conditions that could be exacerbated by interferon therapy. A full list of inclusion 

and exclusion criteria is provided in Supplemental materials.

Randomization and masking

Randomization was performed centrally using a web-based, computer-generated 

randomization sequence following Efron’s biased coin randomization approach to ensure 

balance across strata defined by HBeAg status (positive/negative), genotype (A vs. non-A) 

and cirrhosis (present vs. absent). The randomization algorithm was implemented on the 

web server maintained by the data coordinating center. For each participant enrolled in the 

trial, site coordinators entered the strata information on the secured randomization website 

and the algorithm would generate the treatment assignment for that participant. Participants 

and investigators were not masked to treatment allocation.

Sample size and power analysis—Initially, the sample size 188 per arm of the study 

was determined to achieve 80% power for detecting a difference of 10% (5% in TDF and 

15% in combination treatment) in the primary endpoint percentage of participants achieving 

HBsAg loss at week 240 with a two-sample two-sided Wald test under maximum 5% type 

I error, with an estimated 25% dropout. However, this sample size was later revised as 

the literature showed even lower rate for HBsAg loss with TDF therapy. Moreover, a 25% 

dropout was deemed an overestimate and was reduced to 10%. The revised targeted sample 

size was 100 participants per arm, which provided 81% power to detect a difference of 11% 

(4% in TDF vs. 15% in Combination) using a log-rank test under 5% level of significance.

Intervention and Procedures

After initiating therapy, participants were seen in follow up at 4-week intervals for the 

first 12 weeks and at 12-week intervals thereafter. Participants who discontinued TDF at or 

before week 192, were seen every 4 weeks for 24 weeks after stopping treatment and then 

every 12 and 24 weeks until week 240. More frequent visits and testing were performed 

for participants who met criteria for ALT flares. Participants not meeting eligibility criteria 

or who refused discontinuation, continued treatment with TDF and were followed every 

12 weeks from weeks 192 to 240. Additional study visits occurred at the discretion of the 
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investigator for participants having side effects related to treatment, adherence issues, or 

ALT flares.

Initially, criteria for TDF discontinuation at 192 weeks were absence of cirrhosis at study 

entry and HBV DNA <1000 IU/mL from weeks 168 to192 of TDF treatment, irrespective 

of HBeAg status. However, after two participants who were HBeAg-positive at the time of 

TDF withdrawal had severe flares accompanied by jaundice, the protocol was amended to 

require HBeAg negativity at and after week 144 to qualify for withdrawal. The protocol was 

further amended to require the presence of anti-HBe at or after week 144 to meet criteria 

for treatment discontinuation. During off-treatment follow-up, participants meeting criteria 

for re-treatment were offered reinstitution of therapy with TDF 300 mg daily. Retreatment 

criteria included any clinical decompensation, total bilirubin ≥3·0 mg/dL or direct bilirubin 

≥1·0 mg/dL or persistent (duration varied by level of ALT elevation) elevation of HBV DNA 

and ALT values. Details included in Supplemental materials.

Study efficacy endpoints were based on quantitative HBeAg and HBsAg (Elecsys; Roche 

Molecular Systems, Branchburg, NJ) assays performed at the HBRN central virology 

laboratory at the University of Washington with lower limits of detection (LLODs) of 

0·3 IU/mL for HBeAg and 0·05 IU/mL for HBsAg. For the primary endpoint based on 

HBsAg (described below), central lab results were used unless not available in which case 

a local lab result was used. For one participant at week 192, the central HBsAg test was 

positive but the local test was negative along with several serial negative results before 

and after week 192 from the central lab. This participant was considered to be HBsAg 

negative at week 192. HBV DNA was tested centrally using a real-time PCR assay (COBAS 

Ampliprep/COBAS TaqMan Test, version 2·0; Roche Molecular Systems) with a lower limit 

of quantification of 20 IU/mL and an LLOD of 10 IU/mL. HBV genotyping was performed 

at the Molecular Epidemiology and Bioinformatics Laboratory in the Division of Viral 

Hepatitis at the Centers for Disease Control and Prevention using mass spectrometry17, or 

was available locally.

Outcomes

The primary efficacy endpoint was the absence of detectable HBsAg at study week 240. 

Secondary endpoints were HBsAg loss at week 192, HBeAg loss at weeks 192 and 240, 

number of adverse events (AEs) and serious AEs and ALT flares. An on-treatment ALT flare 

was defined as an ALT elevation ≥300 U/L in men and ≥200 U/L in women and greater 

than 3 times baseline (day 0) value. Finally, in assessing the result of TDF withdrawal, a 

combined endpoint of HBV DNA <1000 IU/mL and normal ALT while not receiving TDF 

therapy at week 240, was examined to reflect an inactive CHB phenotype that would not 

require retreatment.

Statistical Analysis

The detailed statistical analysis plan is provided in the study protocol. Briefly, participant 

features across arms were characterized by medians and quartiles for continuous variables 

and by frequencies and percentages for categorical variables.
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The primary endpoint was the percentage of participants who lost HBsAg by week 240 

estimated using the product limit (Kaplan-Meier) method and compared using a two-sided 

two-sample Wald test. The secondary endpoint of the cumulative percentage of participants 

with HBsAg loss over time was compared using log-rank test.

Further secondary binary endpoints included HBeAg loss (among HBeAg-positive 

participants), HBV DNA <1000 IU/mL, HBV DNA <20 IU/mL, normalized ALT, and 

combined endpoint of HBV DNA <1000 IU/mL and normalized ALT at weeks 192 

and 240. Percentages of participants with each event in the two treatment groups were 

compared using chi-square test or Fisher’s exact test as appropriate. The analyses of 

secondary endpoints were treated as exploratory so adjustments were not made for multiple 

comparison.

Some post-hoc analyses are reported. Changes in quantitative HBsAg between baseline and 

week 192, and between baseline and week 240 were compared between treatment groups 

using Wilcoxon’s rank-sum test. Unadjusted and adjusted associations between baseline 

characteristics and the binary outcome of ≥1 log HBsAg decline from baseline to week 

240 were investigated using log-binomial regression. The results were reported as relative 

risks and 95% confidence intervals. For variable selections for adjusted analyses, we used 

stepwise approach. Change in qHBsAg over time from baseline, by treatment group and by 

baseline HBeAg status (negative/positive) were graphically described using medians and the 

25th and 75th percentiles.

Primary analyses were performed using all randomized participants with endpoint data 

(differs by endpoint) The original sample size calculations accounted for participants 

lost to follow up for various reasons, and the rate of missing was similar in the two 

treatment groups. Sensitivity analyses of results based on multiple imputations and inverse-

probability-weighting are presented in supplemental information. All authors had access to 

the study data and reviewed and approved the final manuscript.

Role of the funding source

The protocol was approved by the HBRN Steering Committee and the Institutional Review 

Boards (Research Ethics Board in the case of the Canadian site) of the participating sites, 

and all participants provided written informed consent. The study was overseen by an 

independent data safety monitoring board (DSMB) appointed by the NIDDK to monitor 

the clinical studies of the HBRN. TDF (Viread®) was kindly provided by Gilead Sciences, 

Foster City, CA, PegIFN-alfa2a (Pegasys®) by Roche Genentech, San Francisco, CA, and 

assays for HBV DNA by Roche Diagnostics, Indianapolis, IN, but these entities had no role 

in study design, data collection, data analysis or interpretation or the writing of this report.

RESULTS

Participants

A total of 281 adults were assessed for eligibility and 201 were enrolled; 102 were 

randomized to TDF alone and 99 to TDF plus PegIFN between December 1, 2012, and 

November 30, 2015 (Figure 1). The majority of participants were male (65%), Asian (83%), 
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with a median age of 41 years. At enrollment, 52% of participants were HBeAg-positive, 

12% had genotype A and 7% had cirrhosis. The median (IQR) ALT was 71 U/L (49,119), 

HBV DNA 6·5 log10 IU/mL (5·2, 8·1) and qHBsAg 3·7 (3·0, 4·3) log10 IU/mL. Baseline 

characteristics of the two groups were well balanced (Table 1).

After randomization, two participants were identified as having NA therapy for at least 

24 weeks within 48 weeks of randomization. These two erroneously enrolled participants, 

both in the TDF group, remained in the study and were included in the analysis. In the 

combination group, one participant withdrew prior to any study drug and 6 more dropped 

out prior to week 192; in the TDF group, 6 dropped out before week 192 (Figure 1). One 

participant met the definition for virologic breakthrough on treatment and was switched to 

TDF-emtricitabine at week 69. There was no genotypic confirmation of resistance and the 

participant’s HBV DNA decreased but did not become undetectable on TDF-emtricitabine 

by week 240. Of the 201 participants, 188 (94%) reached week 192, 187 (90%) reached 

week 240, and the percentages who did not meet the milestone weeks did not differ 

significantly between treatment arms.

Of 188 participants reaching week 192, 111 qualified and were initially withdrawn from 

TDF treatment: 51 of 96 (53%) in the TDF group and 60 of 92 (65%) in the combination 

group (Figure 1). However, 9 (5 in the TDF group and 4 in the combination group) were 

placed back on treatment because of protocol changes for safety (i.e., the requirement of 

HBeAg loss and anti-HBe acquisition at least 48 weeks prior to withdrawal), leaving 102 

withdrawn from TDF (46 in TDF alone group and 56 in the combination group). Of the 102 

participants who met the modified protocol criteria for withdrawal of TDF, 12 (5 of 56 in the 

combination group and 7 of 46 in the TDF group) were restarted on therapy before week 240 

due to relapse (Figure 2).

Efficacy

HBsAg Loss

HBsAg Loss by Week 240:  By week 240, 9 HBsAg losses were observed, including 5 

(5·3%) in the combination group versus 4 (4·1%) in the TDF alone group (p=0·72) (Figure 

3A). HBsAg loss tended to occur earlier in the combination group (all prior to week 144) 

compared to TDF alone arm (3 of 4 after week 192). Characteristics of the 9 participants 

who lost HBsAg by week 240 are shown in Table 2, highlighting that 8 of the 9 were 

HBeAg-positive at study entry and 7 of 9 were also HBV subgenotype A2.

HBsAg Loss by Withdrawal Status:  Of the 111 participants who withdrew from 

treatment, HBsAg loss had occurred before week 192 in 5 (3 with genotype A2) and then 

occurred in 2 more patients (both with genotype A2 having received TDF alone) between 

weeks 192 and 240. Among the 77 participants who were never withdrawn from treatment, 

HBsAg loss occurred before week 192 in one and between weeks 192 and 240 in one; both 

had genotype A2 and were not withdrawn because of cirrhosis on pre-treatment liver biopsy.

Factors Associated with HBsAg Loss:  Factors significantly associated with achieving 

HBsAg negativity in univariable analysis included non-Asian race, HBeAg positivity at 
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baseline HBeAg, subgenotype A2, and higher levels of HBV DNA and HBsAg, but not age 

nor serum ALT (Table 3). AST levels, liver histologic features, and treatment arm were not 

significantly associated with HBsAg loss (data not shown). The limited number with HBsAg 

loss precluded multivariable analysis, however, HBeAg positivity and genotype A2 appear to 

the major factors associated with HBsAg loss.

HBsAg negativity at week 240 occurred in 8 of 93 (8·6%) participants who were initially 

HBeAg-positive, but only one of 87 (1·1%) who were initially HBeAg-negative (p=0·04). 

Furthermore, HBsAg loss occurred in 7 of 12 (58·3%) participants with genotype A2. 

HBsAg loss was rare in patients with other genotypes (2 of 168: 1·2%), occurring in 1 of 87 

with genotype B and 1 of 68 with genotype C, both of whom received combination therapy

HBeAg Loss—Among HBeAg-positive participants (n=103), 64% achieved HBeAg 

negativity by week 192 in the combination therapy group compared to 33% in the TDF 

alone group (p=0·001), a difference that persisted but was smaller at week 240: (66%) 

vs (46%) (p=0·04) (Figure 3B). The median time to HBeAg loss being 144 weeks in the 

combination therapy group compared to >240 weeks in the TDF alone group (log-rank 

p=0·01).

Supplementary sensitivity analyses for missing data using multiple imputation and inverse-

probability-weighting yielded similar conclusions for the primary and secondary outcomes 

(Supplementary Material on handling missing data).

Change in qHBsAg—Decline in qHBsAg occurred earlier with combination therapy than 

with TDF alone, with a ≥1-log IU/mL qHBsAg decline by week 24 in 28% on combination 

therapy compared to 6% in TDF arm (p=0·04) but the differences in mean qHBsAg decline 

by treatment group were lost after PegIFN was discontinued, such that percentages with 

decline were not significantly different at week 192 or 240 (Table 4).

The mean decline and the corresponding 95% confidence intervals for qHBsAg levels are 

shown separately for the HBeAg-positive and HBeAg-negative and by treatment group in 

Figure 4. The decline in qHBsAg levels was more rapid and greater among HBeAg-positive 

than HBeAg-negative participants. By 192 weeks the mean (SD) change in HBsAg levels in 

the HBeAg-positive participants was 1·19 (1·66) (combination arm) and 1·12 (1·38) (TDF 

only arm) vs only 0·47 (0·86) (combination arm) and 0·38 (0·48) (TDF only arm) in the 

HBeAg-negative participants. Thus, HBeAg status but not treatment arm was associated 

with overall qHBsAg decline in univariable or multivariable models (sTable 1).

HBV DNA Undetectability—At week 192, when all participants were still on TDF 

treatment, 5 of 92 (4·9%) participants in the combination group and 1 of 96 (1·0%) in the 

TDF alone group were HBsAg negative (p=0·11) and 95% had HBV DNA <20 IU/mL 

in the combination group versus 85% in the TDF alone group (p=0·02) (Table 4). ALT 

normalization was higher with combination therapy than with TDF alone at week 192 also 

(56% vs 39%, p=0·02). However, at week 240 after the withdrawal phase, these outcomes 

were less frequent and similar in the two treatment arms, with percentages with HBV 

DNA <20 IU/mL of 54% and 50% (p=0·65) and with normal ALT in 46% and 41% 
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(p=0·55) in the combination and TDF alone groups, respectively. The percentage achieving 

a combined response of normal ALT and HBV DNA <1000 IU/mL at week 240 was also 

similar between the two treatment arms (36% versus 38%, p=0·88). The week 240 outcomes 

included both those who were withdrawn and those continued or restarted on therapy and 

thus reflect the combined efficacy of the treatment strategies under study.

Inactive Chronic Hepatitis B—Among the 102 withdrawn from treatment, 5 were 

missing ALT or HBV DNA at week 240, and among those with available data, the 

percentage that met criteria for inactive CHB at week 240 were 17 of 53 (32%) in the 

combination versus 11 of 44 (25%) in the TDF group (p=0·50).

Safety

Of 280 adverse events (AEs) recorded amongst the 201 participants, 153 (55%) were 

classified as mild and 249 (89%) as unrelated to treatment (sTable 2). A total of 66% of 

participants had AEs in the combination group versus 52% in the TDF alone group. In 

the combination group, half the AEs were during the first 24 weeks while PegIFN was 

being given. After week 192, the percentages of participants with AEs were 12% and 

28% in the combination versus TDF alone groups, respectively; with the percentage of 

participants reporting serious AEs comparable, 3% vs. 2% (sTable 3). The most common 

laboratory abnormalities noted (during treatment and after NA withdrawal) were ALT, AST 

and creatinine elevations in both treatment groups, and leukopenia and thrombocytopenia 

during PegIFN treatment in combination group.

The percentages of participants with serious AEs judged to be probably or definitely 

related to TDF were 4 (1%), and 4 (1%); and to PegIFN were 27 (10%) and 26 (9%), 

respectively. Definitely related serious or life-threatening AEs related to TDF were hepatic 

decompensation (n=2, both in withdrawal phase). Severe (definite and probable) AEs 

related to PegIFN included depression (n=2); hematologic, hepatobiliary, neurologic and 

ophthalmic (each n=1). The two participants with hepatic decompensation were HBeAg-

positive at time of withdrawal of TDF and developed severe ALT flares with bilirubin ± 

prothrombin time elevation. Both recovered after reinstitution of TDF therapy.

In total, 6% (6/102) in the TDF alone group and 29% (29/99) in the combination therapy 

group had at least one dose reduction, interruption or discontinuation during the treatment 

phase. Of the treatment discontinuations, 5 were for TDF (1 for virologic breakthrough, 

remainder due to participant preference/site nonparticipation), 14 were for PegIFN (most 

commonly participant preference; 8 for AEs). Two participants discontinued both drugs (1 

for AE of hearing loss).

ALT Flares:

An ALT flare was defined as an ALT level ≥300 U/L for males or ≥ 200 U/L for females. 

A total of 58 flares occurred during the course of the trial in a total of 52 participants. 

Two of the flares were observed at the screening visit while 11 more flares occurred at 

the randomization visit (baseline). In the comparison of flares between treatment groups or 
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between HBeAg positives and negatives, we have excluded the (2 + 11) 13 flares that were 

observed prior to randomization, leaving us with 45 flares from a total of 40 participants.

During the first 192 weeks of the trial (after baseline and before the withdrawal phase), 16 

flares occurred in 14 participants (7.0%). One participant had 3 flares at weeks 85, 108, and 

145. If we consider only the time to first flare, median (min, max) time to first flare among 

these 14 participants with a post-baseline flare before week 192 was 8.4 (4.0, 85.0) weeks. 

Three of these participants belonged to TDF arm whereas the remaining 11 were in the 

combination arm (2.9% vs. 11.1%, p = 0.03) and 5 out of 98 (5.1%) were HBeAg-negative 

at randomization and 9 out of 103 (8.7%) HBeAg-positive (p = 0.41).

A total of 27 participants had 29 flares (2 participants with repeat flares) between week 

192 and 240. The earliest flare was observed at week 200 and the latest during week 234, 

with median time to first flare being 203.6 weeks. All 27 participants belonged to the 111 

participants who were eligible to withdraw based on initial withdrawal criteria (no flares 

were reported in the 77 participants who never withdrew treatment). Thus, among these 

111 participants, 27 (24.3%) had at least one flare. By treatment arm, the percentages of 

participants experiencing flares in the withdrawal phase was 16/51 (31.4%) in the TDF arm 

and 11/60 (18.3%) in the combination arm (p = 0.13). The percentages of participants with 

flares during withdrawal phase did not differ significantly by HBeAg status at randomization 

[HBeAg-positive: 11/36 (30.6%) vs. HBeAg-negative: 16/75 (21.3%), p=0.34].

In the subset of participants who met the amended eligibility criteria and withdrew from 

treatment and did not have HBsAg loss prior to withdrawal (n = 92), 23 (25%) participants 

had flares following withdrawal. Most (20/23) of these participants had their first flare at or 

prior to week 208 visit. No statistically significant differences were observed by the original 

treatment assignments (13/43 or 30.2% in TDF, 10/49 or 20.4% in Combination arm, p = 

0.34) or by HBeAg status at randomization (8/21 or 38.1% in HBeAg+ vs. 15/71 or 21.1% 

in HBeAg-, p = 0.15).

DISCUSSION

In this prospective randomized controlled trial of TDF combined with PegIFN for the initial 

24 weeks versus TDF alone followed by protocolized withdrawal of TDF after 4 years, 

the frequency of functional cure (HBsAg loss) at week 240 was low and not significantly 

different between the treatment groups: 4·1% of the TDF versus 5·3% of the combination 

group. However, there were differences in the timing of HBsAg loss, with those treated 

with TDF+PegIFN achieving HBsAg loss earlier, whereas the TDF alone group exhibited 

more HBsAg loss after TDF withdrawal. These results support the concept that immune 

modulation, either with use of PegIFN or with NA withdrawal, can enhance HBsAg loss 

but combining this two “immune modulatory” strategies did not lead to enhanced rates 

of HBsAg loss. However, this study highlights a finite therapy approach with treatment 

discontinuation included in the treatment plan, a feature relevant to study design with new 

therapeutic agents.
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In this study HBV subgenotype A2 was shown to play a major role in HBsAg loss. Thus, 

while subgenotype A2 was present in only 6% of trial participants, it accounted for 78% 

of those who achieved HBsAg loss. While previous studies have reported higher rates of 

HBsAg and HBeAg loss in patients with genotype A18–21, those studies did not evaluate 

responses by HBV subgenotype. Epidemiologic data regarding subgenotypes of A, indicate 

that A2 is most common in Northern Europeans with chronic hepatitis B, whereas A1 is 

found largely in African, Middle Eastern and Asian patients.22,23 In this study, HBsAg loss 

occurred in 4 of 6 HBeAg positive patients with genotype A2 treated with TDF alone (at 

weeks 71 to 217), and in all 3 such patients receiving combination therapy (at weeks 25 to 

121). This association of HBsAg loss with subgenotype A2 was present only in those who 

were HBeAg positive. The two participants with subgenotype A2 and HBeAg who did not 

lose HBsAg did clear HBeAg. These results indicate that genotyping assays need to include 

means of discriminating between the subgenotypes A1 and A2. The association also should 

stimulate studies as to why genotype A2 is so sensitive to antiviral suppression and seems to 

be affected by concurrent use of interferon.

Inclusion of HBeAg-positive and HBeAg-negative immune active CHB participants afforded 

an important opportunity to compare outcomes by HBeAg status. A striking finding was 

that HBsAg loss was very infrequent among HBeAg-negative participants – occurring in 

only 1 of 102 participants. The scarcity of HBsAg loss after NA withdrawal among HBeAg-

negative persons in this study is compatible with results from studies from Asia24 and 

Canada12 where the populations were predominantly of Asian race, in whom HBsAg loss 

after 1-3 years of NA withdrawal was ≤5%.25 This stands in contrast to prior studies from 

Europe of HBeAg-negative participants, who were predominantly White and with longer 

duration of TDF treatment before withdrawal, reporting HBsAg loss in ~20% of participants 

after 3 years or longer follow-up.10,25–27 Whether additional HBsAg loss would be observed 

after a longer follow up after stopping NA is unknown.10,24,27,28 The inclusion of ~50% 

participants initially HBeAg-positive and a higher rate of HBsAg loss in these participants 

is the likely reason for the somewhat counterintuitive findings that high serum HBsAg and 

HBVDNA levels at start of treatment were associated with higher rates of HBsAg loss. 

Nonetheless, the rates of HBsAg loss among participants who were initially HBeAg-positive 

remained low in both treatment groups.

Regarding safety, participants experienced typical side effects related to PegIFN leading 

to dose reductions or discontinuation in 29% of those treated with combination therapy 

compared to 6% of the participants treated with TDF only. For those treated with PegIFN, 

ALT flares were clinically mild and more frequent during the first 24 to 48 weeks of 

treatment. In contrast, among participants treated with TDF alone, most flares occurred 

after treatment withdrawal. Severe flares with jaundice occurred after TDF withdrawal, but 

these participants were HBeAg-positive at time of withdrawal. HBeAg positivity and lack 

of anti-HBe positivity may be factors influencing risk of flares in withdrawal studies.29 This 

led to modifications in our protocol to required study participants to be HBeAg-negative and 

anti-HBe positive for at least 48 weeks to be eligible for withdrawal. Among participants 

who met all the amended eligibility criteria – HBeAg-negative, anti-HBe positive, HBV 

DNA <1000 IU/mL for at least 6 months, and absence of cirrhosis – flares following NA 
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withdrawal were seen in 25% and none were associated with decompensation. Rare but 

severe consequences of withdrawal of NA therapy have been reported in other studies.15

In addition to HBsAg loss, achievement of inactive chronic hepatitis B is a highly desirable 

endpoint of finite treatment. Prior studies suggested ~50% of HBeAg-negative patients 

withdrawn from NA therapy10,12,15 can achieve this endpoint. In our study, this proportion 

was lower, with slightly less than one-third meeting criteria for inactive disease. Whether 

this proportion is high enough to justify a trial of NA withdrawal is likely to vary among 

providers and patients – highlighting the need for NA withdrawal to be an individualized 

decision.

This study had limitations. First, the duration of PegIFN treatment may have been too 

short to result in effective immune control and subsequent HBsAg loss.6,30 However, longer 

duration of PegIFN will lead to more AEs and reduces provider and patient acceptability. 

Furthermore, as shown in cumulative incidence data (Figures 3A and 3B), differences in 

HBsAg and HBeAg responses began at week 24 when PegIFN was stopped and continued 

thereafter. Second, the duration of follow-up of 48 weeks after TDF withdrawal may have 

been too short to show a clear effect on HBsAg loss.15,10,27 Nonetheless, important strengths 

of the study included enrollment of both HBeAg-positive and -negative participants, and 

the diversity of HBV genotypes which demonstrated the unique and strong HBV treatment 

effect in HBeAg-positive participants with subgenotype A2. In addition, the prospective 

design and standardized criteria for TDF withdrawal and re-initiation allowed detail 

analysis of predictive factors of HBsAg loss. Lastly, this study included a large cohort 

representative of racially diverse North Americans with chronic hepatitis B, which helps 

with generalizability of the results.

This study highlights the importance of carefully considering key patient characteristics 

in the discussion regarding NA withdrawal. As in other studies, patients with cirrhosis 

should not be considered, particularly given the frequency of ALT flares and potential 

risk of decompensation. Contrary to other studies which focused on patients who were 

HBeAg-negative at the start of NA treatment, our study found that these patients who were 

predominantly Asians had negligible rates of HBsAg loss and thus seem poorly served by 

an NA withdrawal strategy. Finally, genotype is relevant here, with genotype A2, showing a 

high likelihood of success with finite therapy.

In conclusion, while the combined strategy of adding PegIFN to TDF and then withdrawing 

TDF after 4 years yielded low rates of HBsAg loss, an important influence of baseline 

HBeAg status and HBV genotypes was illuminated. Further, this study reflects the new 

direction of HBV therapeutics that focuses on finite courses of therapy and the endpoint of 

HBsAg loss and highlights how patient heterogeneity needs to be considered. Ultimately, 

future HBV therapies may need to be more individualized, and in this context, a better 

understanding of the virologic basis for the enhanced response, as defined by HBsAg loss, in 

patients infected with genotype A2 and poor response to current and possibly future antiviral 

therapies in other genotypes may help to advance therapy of this challenging disease.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IQR interquartile range

NA nucleos(t)ide analogue

TDF tenofovir disoproxil fumarate
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STUDY HIGHLIGHTS:

What is Known:

1. NA therapy very infrequently leads to HBsAg loss and strategies to increase 

HBsAg loss (i.e. functional cure) are highly desirable.

2. Combination therapy of NA plus peginterferon and NA withdrawal have been 

reported to increase rates of HBsAg loss but studies conducted in North 

American populations are lacking.

What is New Here:

1. A strategy that combines NA with peg-interferon AND protocolized 

withdrawal of NAs after 4 years yielded low rates of HBsAg loss.

2. the timing of HBsAg loss differs by treatment strategy, with those treated with 

TDF+PegIFN achieving HBsAg loss earlier, whereas the TDF alone group 

exhibited more HBsAg loss after TDF withdrawal.

3. HBV subgenotype A2 is highly associated with HBsAg loss, highlighting the 

importance of subgenotyping data in interpreting outcomes with any HBV 

therapy.
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Figure 1: Flow of Participants During the Study.
A total of 102 were randomized to TDF alone and 99 to TDF plus PegIFN. In the 

combination group, one participant withdrew prior to any study drug and 6 dropped out prior 

to week 192; in the TDF group, 6 dropped out before week 192. Of the 201 participants, 

188 (94%) reached week 192. Of those reaching week 192, 111 were initially withdrawn 

from TDF treatment: 51 in the TDF group and 60 in the combination group. A total of 9 

participants resumed treatment due to protocol changes for safety and 12 were restarted on 
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therapy due to relapse. A total of 187 reached week 240, and missing rates did not differ 

significantly between treatment arms.

Note: In CONSORT, we have included people with any information by week 240. Not all 

participants followed had all labs and hence sample size varied by the variable analyzed.
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Figure 2: Status of Patients from Week 192 (Eligible for Withdrawal) to Week 240 (End of 
Follow-up)
Of 188 participants reaching week 192, 111 qualified and were initially withdrawn from 

TDF treatment: 53% in the TDF group and 65% in the combination group. However, 9 (5 in 

the TDF group and 4 in the combination group) were placed back on treatment because of 

protocol changes for safety. Of the 102 participants who met the modified protocol criteria 

for withdrawal of TDF, 12 (5 of 56 in the combination group and 7 of 46 in the TDF group) 

restarted TDF before week 240 due to relapse.

Terrault et al. Page 20

Am J Gastroenterol. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: Cumulative Incidence of Key Serologic Endpoints
A: The cumulative percentage achieving HBsAg loss at week 240 was 5·3% in the 

TDF+PegIFN group and 4·1% in the TDF alone group (p=0·66).
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B: The cumulative percentage achieving HBeAg loss at week 240 was 66·2% in the 

TDF+PegIFN group and 46·2% in the TDF alone group (p=0·009).
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Figure 4: Change in qHBsAg Over Time in HBeAg-positive and HBeAg-negative Participants, 
by Treatment Group
Data presented are means and 95% confidence intervals. The decline in qHBsAg occurred 

earlier with combination therapy than TDF alone but was not statistically different at 

week 240. The mean (SD) change in qHBsAg was less in those who were initially HBeAg-

negative (−0·43 [SD = 0·69] log IU/mL) than in those who were HBeAg-positive (−1·16 [SD 

= 1·51]), with no difference by treatment group (p=0·59).
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