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Abstract 

Background & Aims: Factors associated with a successful outcome upon nucleos(t)ide 

analog (NA) treatment withdrawal in chronic hepatitis B (CHB) HBeAg-negative 

patients have yet to be clarified. The objective of this study was to analyze the HBV-

specific T cell response, in parallel with peripheral and intrahepatic viral parameters, in 

patients undergoing NA discontinuation.  

Methods: Twenty-seven non-cirrhotic patients with HBeAg-negative CHB with 

complete viral suppression (>3 years) were studied prospectively. Intrahepatic HBV-

DNA (iHBV-DNA), intrahepatic HBV-RNA (iHBV-RNA), and covalently closed 

circular DNA (cccDNA) were quantified at baseline. Additionally, serum markers 

(HBV-DNA, HBsAg, HBV core-related antigen [HBcrAg] and HBV-RNA) and HBV-

specific T cell responses were analyzed at baseline and longitudinally throughout 

follow-up. 

Results: After a median follow-up of 34 months, 22/27 patients (82%) remained off-

therapy, of whom 8 patients (30% of the total cohort) lost HBsAg. Baseline HBsAg 

significantly correlated with iHBV-DNA and iHBV-RNA, and these parameters were 

lower in patients who lost HBsAg. All patients had similar levels of detectable cccDNA 

regardless of their clinical outcome. Patients achieving functional cure had baseline 

HBsAg levels ≤1000 IU/ml. Similarly, an increased frequency of functional HBV-

specific CD8+ T cells at baseline was associated with sustained viral control off 

treatment. These HBV-specific T cell responses persisted, but did not increase, after 

treatment withdrawal. A similar, but not statistically significant trend, was observed for 

HBV-specific CD4+ T cell responses. 

Conclusions: Decreased cccDNA transcription and low HBsAg levels are associated 

with HBsAg loss upon NA discontinuation in patients with HBeAg-negative CHB. The 
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presence of functional HBV-specific T cells at baseline are associated with a successful 

outcome after treatment withdrawal.  

 

Lay summary 

Nucleos(t)ide analog therapy discontinuation is feasible in a high proportion of HBeAg-

negative, chronic hepatitis B patients without cirrhosis, particularly in those with low 

HBsAg titres. Importantly, liver viral markers do not improve the predictive capacity of 

baseline HBsAg levels. Importantly, the strength of HBV-specific immune T cell 

responses may contribute to a successful viral control after antiviral treatment 

interruption. Our comprehensive study provides deeper knowledge of the virological 

and immunological factors than can help more individualized therapy to achieve higher 

rates of CHB functional cure. 
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Introduction 

Functional cure, defined as the loss of HBsAg, with or without the development of anti-

HBs antibodies, is regarded as the optimal treatment endpoint in patients with HBeAg-

negative chronic hepatitis B (CHB). However, despite more than 10 years on 

nucleos(t)ide analog (NA) therapy, this endpoint is only achieved in 1-5% of patients.1,2 

The latest EASL guidelines propose NA discontinuation in selected non-cirrhotic 

HBeAg-negative patients who have achieved long-term (>3 years) virological 

suppression on treatment, if close clinical monitoring can be guaranteed after NA 

discontinuation2. These recommendations are based on data from studies evaluating 

treatment withdrawal in Caucasian HBeAg-negative patients with complete viral 

suppression on NA therapy3,4 where the rate of HBsAg loss after NA discontinuation 

reached 20%. Importantly, a high proportion of these patients achieved sustained 

virological remission (low HBV-DNA levels and normal alanine aminotransferase 

[ALT] levels). Despite this recommendation, some clinicians may be reluctant to offer 

NA withdrawal to their patients due to the high probability of viral rebound after 

stopping antiviral therapy (serum HBV-DNA >2000 IU/ml in about 55-70%).5 Still, 

viral relapses are not always associated with ALT flares and, when transitory, may lead 

to long-term virological remission. In addition, an accurate definition of relapse and 

criteria for NA re-introduction are needed to prevent premature re-treatment that may 

impair the possibility of remission or functional cure.6 

Several studies have suggested that patients with lower circulating HBsAg at the time of 

NA withdrawal have an increased probability of remaining off-therapy or achieving 

HBsAg loss4,7 although other studies have failed to find an association.8,9 The 

evaluation of the prognostic value of other serum markers of HBV replication such as 

HBV core-related (HBcrAg) and HBV-RNA may be of interest, but data are 
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scarce.7,10,11 To date, no study has evaluated the significance of HBV replication 

markers within the liver, such as total intrahepatic HBV-DNA (iHBV-DNA), 

covalently-closed circular DNA (cccDNA) or intrahepatic HBV-RNA (iHBV-RNA) in 

relation to NA therapy discontinuation. 

As in naturally-resolving HBV infection,12 the HBV-specific immune response plays an 

important role in determining the outcome of viral control after NA discontinuation. A 

recent study has shown that patients with a higher frequency of HBV-specific T cell 

responses are less likely to develop ALT flares when stopping NAs.13 One study has 

also shown a tendency for HBV-specific T cell responses to increase after NA 

cessation, that can be further enhanced by PD-1 blockade.14 To our knowledge, this is 

the first study to evaluate a number of viral and immunological parameters 

simultaneously. Therefore, our objective was to assess the proportion of patients with 

HBeAg-negative CHB achieving HBsAg loss or virological control after NA 

interruption, and to identify potential biomarkers associated with predicting outcome. 

For this purpose, we longitudinally analyzed HBV-specific T cell responses in parallel 

with peripheral and intrahepatic virological markers after NA discontinuation in a well 

characterized cohort of HBeAg-negative CHB patients. 

 

Materials and Methods 

Patients 

This is a prospective single centre study involving 27 patients with HBeAg-negative 

CHB with complete virological control (undetectable HBV-DNA and normal ALT 

levels) for at least 3 years under NA therapy (entecavir or tenofovir). Exclusion criteria 

included advanced liver disease (F3-F4 according to METAVIR by liver biopsy or 
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previous diagnosis of cirrhosis), immunosuppressive therapy, hepatocellular carcinoma 

or co-infection with HIV, HCV or HDV.  

The study was approved by the Hospital Clinic institutional Ethics Committee and was 

conducted in compliance with the principles of the Declaration of Helsinki, Good 

Clinical Practice guidelines and local regulatory requirements. All patients provided 

written informed consent prior to screening. 

Study design 

All patients underwent a liver biopsy prior to treatment withdrawal (baseline). Serum 

samples were collected at baseline and at 3, 6, 12, 18 and 24 months during a follow-up 

period. Peripheral blood mononuclear cells (PBMCs) were also obtained at baseline, 3 

and 12 months after NA discontinuation. Assessments after treatment interruption 

included clinical evaluation, standard laboratory testing for liver function, HBsAg and 

HBV-DNA monthly during the first 6 months and then every 3-4 months until the 24-

month follow up.  

Re-introduction criteria and study endpoints 

Criteria for re-introduction of antiviral treatment during follow-up were as follows: 

• Two consecutive ALT measurements >10 ULN (upper limit of normal) 

regardless of the HBV-DNA level. 

• ALT >5-10 ULN and HBV-DNA >2000 IU/ml persisting for ≥ 28 days (4 

weeks). 

• ALT >2-5 ULN and HBV-DNA >2000 IU/ml persisting for ≥ 6 months. 

• Need for immunosuppressive treatment. 

The primary efficacy endpoint was the proportion of patients achieving HBsAg loss 

(functional cure) or virological control (patients who remained off-therapy being 
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HBsAg positive) after treatment withdrawal. Secondary endpoints included the analysis 

of virological and immunological markers as potential predictors of response. 

Full materials and methods regarding the assessment of virological parameters, immune 

responses and statistical analysis are available in Supplementary data. Further details 

regarding the materials used can be found in the CTAT table. 

 

Results 

Patient characteristics and outcome after NA therapy discontinuation 

The overall demographic and baseline clinical characteristics of the study cohort are 

depicted in Table 1, with the individual patient data in Table S1. Within the cohort 

studied, 93% were Caucasian and 78% of patients were male with a median age of 56 

(interquartile range 45-61). In line with the geographical location of this study, the 

majority of patients (74%) were infected with HBV genotype D. All patients had 

previously been treated with NA therapy for a median period of 8 years; with 20 (74%) 

patients receiving tenofovir and 7 (26%) entecavir. Of note, HBsAg levels remained 

stable prior to NA treatment discontinuation in all patients (Fig.S1). All patients had 

normal ALT values at baseline (<40 IU/L), with no patient presenting with advanced 

fibrosis (F3-4) according to liver stiffness and histological assessment.  

After a median follow-up of 34 (26-37) months, 22 patients (82% of the total cohort) 

remained off-therapy, with 8 individuals (representing 30% of the total cohort) 

achieving functional cure, as defined by the loss of HBsAg (Fig.1A and Table 1). 

Notably, the median time to HBsAg clearance in these patients was 25 (22-33) weeks, 

with 5 of these 8 patients developing detectable anti-HBs antibody. At the end of the 

follow-up period, among those patients who remained off-therapy but were positive for 

HBsAg (n=14, 52%), considered “virological controllers”, 5 met the criteria for 
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HBeAg-negative chronic infection with normal ALT values and HBV-DNA less than 

2000 IU/ml. The remaining patients were in a ‘grey zone’; 7 had HBV-DNA levels 

>2000 IU/ml with normal ALT values, with a further 2 patients presenting with elevated 

ALT levels that remained <2 ULN. Of the 27 CHB patients, only 5 patients (18%) 

required NA re-introduction after stopping NAs (Fig.1A). The reasons for treatment re-

introduction were: early flare in HBV-DNA and persistent ALT levels >10 ULN (n=1), 

high viremia with persistent 2-5 ULN ALT levels for at least 4 weeks (n=3), and the 

need for high dose corticosteroid therapy for more than 7 days (n=1, who also had an 

ALT >2 ULN and HBV-DNA >20000 IU/ml >8 weeks). We did not find any difference 

according to outcome after NA discontinuation when considering patient characteristics 

including gender, age, type and duration of antiviral therapy or HBV genotype (Table 1 

and Table S1). 

HBV-DNA, ALT and HBsAg kinetics after NA withdrawal 

In this cohort, HBV-DNA viremia peaked within 1-3 months of stopping NA therapy 

(Fig.1B). Most patients had a virological relapse defined as either an increase in HBV-

DNA above 2000 IU/mL (78%) or 20000 IU/mL (44%).  

ALT flares were observed in some patients during the ‘off-therapy’ period, although 

these were mostly mild (Table 1). Patients with ALT flare >10 ULN presented with 

diverse clinical outcomes with only 2 out of 6 patients needing treatment re-

introduction, whereas 4 out of 6 remained off-therapy, including 3 who achieved 

HBsAg loss (Table 1 and Fig.1B). Neither HBV-DNA nor ALT kinetics predicted the 

clinical evolution during follow-up. The overall reduction in HBsAg levels was -0.22 -

(0.58-0.16) log IU/ml during follow-up with no differences noted between virological 

controllers and patients re-starting therapy (Fig.1B). The evolution of the remaining 

markers (HBcrAg and serum HBV-RNA) is shown in Table 1 and Table S1. 
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Baseline HBsAg significantly correlates with iHBV-DNA and iHBV-RNA, but not 

cccDNA 

Serum and liver parameters of HBV replication were analyzed before treatment 

interruption (Table 1 and Table S1). The median baseline HBsAg titre in our cohort 

was 1310 (556-3031) IU/ml, with 11 patients (41%) ≤1000 IU/ml and 5 (18%) ≤100 

IU/ml. Despite long term NA therapy, all patients had detectable iHBV-DNA and 

cccDNA at baseline. In contrast, only 11 (41%) and 13 (48%) patients had detectable 

serum levels of HBV-RNA and HBcrAg, respectively. Intrahepatic HBV-RNA was 

detected in 67% of liver samples at baseline. Notably in all patients with undetectable 

iHBV-RNA (n=6), we were also unable to detect HBV-RNA in their matched serum 

samples. In 8 patients we detected both iHBV-RNA and serum HBV-RNA, while in 4 

patients only iHBV-RNA was detectable. In addition, 5 out of 7 patients with 

virological control and 2 out of 3 patients needing re-treatment had detectable iHBV-

RNA and positive serum HBV-RNA levels. 

We analyzed the correlations between baseline serum and intrahepatic viral markers 

(Fig.2 and Table S2). HBsAg correlated with both iHBV-DNA (rho=0.65, p=0.0003), 

and iHBV-RNA (rho=0.48, p=0.04), but not with cccDNA. Furthermore, serum HBV-

RNA correlated with iHBV-DNA and iHBV-RNA (rho=0.50, p=0.008 and rho=0.56, 

p=0.01, respectively). We did not observe any correlation between the duration of prior 

NA therapy and the expression of any virological parameter tested (data not shown). 

Low baseline HBsAg levels are associated with HBsAg loss upon NA withdrawal  

Patients achieving HBsAg loss had lower HBsAg and iHBV-DNA but similar cccDNA 

levels at baseline, compared to the individuals sustaining virological control and those 

requiring re-treatment (Table 1 and Fig.3A). Importantly, 5 out of 7 (71%) patients who 

achieved HBsAg loss had undetectable iHBV-RNA at baseline (p<0.01), whereas 91% 
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of patients who remained HBsAg-positive had detectable levels of iHBV-RNA (Table 

1 and Fig.3B). In addition, baseline HBcrAg and serum HBV-RNA were more 

frequently undetectable in patients who achieved HBsAg loss than in patients who did 

not (HBcrAg: 75% vs 42%; p=0.12 and HBV-RNA: 88% vs 47%; p=0.053), though the 

differences did not reach statistical significance. As shown in Fig.3C, the probability of 

HBsAg loss was higher among patients with low HBsAg ≤1000 IU/ml (log rank 9.9, 

p=0.002). Combining HBsAg levels ≤1000 IU/ml and undetectable serum HBV-RNA 

did not improve the predictive value for HBsAg loss (log rank 6.7, p=0.009; Fig.S2). 

Whilst virological parameters predicted HBsAg loss, we did not see differences 

between the virological control and relapse groups. 

HBV-specific T cell responses at baseline are associated with virological control off-

treatment 

To evaluate the impact of the HBV-specific T cell response on the clinical outcome 

after NA discontinuation, we investigated the effector capacity of HBV-specific CD4+ 

and CD8+ T cells after in vitro stimulation with overlapping peptides (OLP) spanning 

the core, envelope, or polymerase proteins. A representative gating strategy and 

example flow cytometric plots are shown in Fig.S3 and individual data showing CD8+ 

and CD4+ T cell responses at all time points are shown in Fig.S4. Interestingly, an 

increased proportion of patients that remained off-therapy had functional HBV-specific 

CD8+ T cell responses against epitopes from more than one HBV protein prior to NA 

withdrawal compared to those requiring NA re-introduction (68% vs 20% p=0.048 for 

IFNɣ production and 77% vs 40% p=0.099 for CD107a expression, respectively. Of 

note, we defined an HBV-specific T cell response as ≥0.1% after subtraction of the 

unstimulated control; Fig.4A). Interestingly, for both CD8+ and CD4+ T cells, 

responding cells to all viral antigens were more likely to be detectable at baseline in 
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patients who remained off-therapy than in the re-treatment group. Indeed, CD4+ and 

CD8+ T cells producing IFNɣ and TNFɑ in response to any peptide pool were absent in 

all patients that NA re-introduction. However, no statistically significant differences 

were observed within groups likely due to the number of patients falling in the re-

treatment group.  

The percentage of degranulating CD8+ T cells (CD107a) in response to stimulation 

with HBV-core OLP was significantly higher at baseline and after 12 weeks of stopping 

NA treatment in patients remaining off-therapy than in those requiring NA re-

introduction (p=0.039 and 0.0093, respectively; Fig.4B). However, these differences in 

CD107a responses between patient groups were not maintained when focusing on OLP 

encompassing the envelope and polymerase proteins (Fig.S5). 

When we investigated the presence of polyfunctional CD8+ and CD4+ T cells (cells co-

expressing IFNɣ and TNFɑ), we observed that the percentage of core-specific CD8+ T 

cells producing IFNɣ/TNFɑ at baseline was increased among patients who remained 

off-therapy compared to those patients needing treatment re-introduction (p=0.031; 

Fig.4C). Importantly, this increase persisted for more than a year of follow-up whilst 

off-therapy (p=0.01). A similar trend was observed when probing effector CD4+ T cells 

co-producing IFNɣ/TNFɑ, however, the differences between outcome groups did not 

reach statistical significance (Fig.4C). Likewise, no differences were observed between 

groups of patients (off-therapy and treatment re-introduction) regarding the presence of 

polyfunctional T cell responses against envelope and polymerase proteins (Fig.S6). 

We also evaluated if there was any association between T cell responses and the 

development of clinically relevant ALT flares during follow-up. As shown in Fig.S7, 

we observed that HBV-specific CD8+ and CD4+ T cell responses at baseline were 
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similar between patients regardless of whether they developed an ALT flare (using a 

threshold of ≥2 ULN). 

HBV-specific responses do not increase following treatment withdrawal 

To investigate the impact of NA discontinuation on functional HBV-specific T cells, we 

performed a longitudinal analysis of the T cell responses against HBV OLP at 12 and 

48 weeks post NA withdrawal. We found that the frequency of either HBV-specific 

CD8+ or CD4+ T cells detectable by intracellular cytokine staining for the antiviral 

mediators CD107a, IFNɣ and/or TNFɑ did not significantly change during follow-up 

compared to baseline (Fig.5A and S4). Similarly, when classifying patients according 

to whether they remained off-therapy or required treatment re-introduction, no 

significant changes in any effector functions to any of the peptide pools were detected at 

week 12 or 48 compared to baseline (Fig.5B). 

As HBsAg loss with or without the production of anti-HBs represents the best predictor 

of success upon discontinuation of NA therapy, we analyzed HBV-specific CD8+ and 

CD4+ T cell responses within this small group of individuals. Notably, the effector 

CD8+ T cell response to antigenic stimulation in these patients was heterogeneous, with 

a significantly greater magnitude of response to HBV OLP stimulation in some patients, 

with absent or very weak responses for all mediators CD107a, IFNɣ or TNFɑ in others 

(Fig.6A). The longitudinal analysis after NA cessation did not show significant changes 

in the response rates in this subgroup of patients (Fig.6B). Similar results were obtained 

for HBV-specific CD4+ T cell responses (data not shown). 

The strength of HBV-specific T cell responses does not correlate with serum or 

intrahepatic virological markers 

We next explored whether differences in the HBV-specific T cell response were 

associated with serum or intrahepatic virological parameters. As we noted, baseline 
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HBsAg levels ≤1000 IU/ml were predictive of HBsAg clearance in our cohort, we 

classified patients accordingly and analyzed their HBV-specific CD8+ and CD4+ T cell 

responses at baseline. The proportion of patients with HBV-specific effector T cells as 

well as the frequency of polyfunctional T cells co-producing IFNɣ/TNFɑ were similar 

regardless of HBsAg titers (Fig.S8). We did not find any significant correlation between 

peripheral HBV-specific T cell responses and other serum (e.g. HBcrAg) or liver 

replication markers (iHBV-DNA, cccDNA, iHBV-RNA or iHBV-RNA/cccDNA ratio). 

Safety 

Importantly, no patient developed hepatic decompensation, hepatocellular carcinoma, or 

died during follow-up. Bilirubin levels greater than 2 mg/dl or prolongation of 

prothrombin time were not detected at any time point, even amongst those individuals 

requiring treatment re-introduction. No other adverse events were detected during the 

follow-up period. All patients requiring NA re-introduction had a subsequent good 

response with entecavir or tenofovir, returning to undetectable serum HBV-DNA and a 

normal ALT within 6 months. Furthermore, we observed no change in liver stiffness 

assessment at the 24-month follow-up in 19 of our 27 patients compared to their 

matched baseline assessment or when comparing treatment outcome groups (Table 1). 

 

Discussion 

Despite lifelong treatment with NA being safe and effective in patients with HBeAg-

negative CHB, the overall rate of HBsAg loss remains low.1,2 Several new direct-acting 

antivirals and immunomodulatory compounds are in clinical evaluation with the aim of 

achieving functional cure of CHB with finite treatment duration.15 Alternatively, NA 

discontinuation has been proposed as a promising therapeutic strategy to promote 

HBsAg loss or at least sustained off-treatment viral control in a considerable proportion 
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of patients.2–5,16 However, the reported rates of HBsAg loss in NA withdrawal studies 

have been enormously variable, in part due to the heterogeneity of patient cohorts, and 

the absence of standardized treatment re-introduction criteria. To investigate the 

correlates of outcomes upon NA cessation, we analyzed liver and serum markers of 

HBV replication in parallel with assessment of HBV-specific T cell immunity in a well 

characterized cohort of patients with HBeAg-negative CHB undergoing NA 

discontinuation. 

In our study, after a median follow-up of 2.8 years from treatment interruption, 81% of 

patients remain off-therapy and 8 (30% of the total cohort) continued to remain HBsAg 

negative. Virological relapses were observed in the majority (78%) of patients although 

these were not always associated with biochemical relapses. Indeed, most of the ALT 

flares were mild and temporary, leading to long-term virological and biochemical 

remission with no patients developing liver dysfunction. Our results agree with those 

reported by Berg et al.3, the only randomized trial comparing the strategy of NA-therapy 

maintenance and therapy withdrawal, which included a comparable population in terms 

of genotypic and clinical characteristics. 

Although treatment re-introduction criteria differ among the current published studies, 

we and others have shown that lower HBsAg titers at the time of NA withdrawal are 

associated with an increased probability of HBsAg loss.3,4,6,17–19 In our study, a 

threshold value for HBsAg of ≤1000 IU/ml was a good predictor whether a patient went 

on to lose HBsAg. Likewise, patients who achieved HBsAg loss had lower iHBV-DNA 

levels at baseline; this marker includes cccDNA, relaxed circular DNA and integrated 

HBV-DNA. Indeed, integration of HBV-DNA into the host genome and its contribution 

to the formation of HBsAg particles20 may explain the good correlation between iHBV-
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DNA and HBsAg in our cohort of HBeAg-negative patients chronically suppressed by 

NA therapy. 

We did not find an association between baseline cccDNA levels and virological 

outcome. However, most patients achieving HBsAg loss had undetectable iHBV-RNA 

(83%) and, hence, reduced cccDNA transcriptional activity (iHBV-RNA/cccDNA 

ratio). This would explain, at least in part, a more favorable outcome in these patients. 

Indeed, 10 out of 11 patients not achieving HBsAg loss had detectable iHBV-RNA 

suggesting transcriptionally active cccDNA and a higher risk of viral rebound. We also 

studied the prognostic value of other surrogate serum markers of cccDNA 

transcriptional activity such as HBcrAg and serum HBV-RNA.7,21,22 The proportion of 

patients with undetectable serum HBV-RNA or HBcrAg at baseline in our cohort was 

higher among patients achieving HBsAg loss (7/8 and 6/8 patients, respectively), yet 

these markers did not improve the ability of HBsAg levels to predict functional cure. 

Importantly, serum HBV-RNA and HBcrAg may have become undetectable in HBeAg-

negative patients under long-term NA therapy thus limiting their predictive power.7,21 

As adaptive immune responses are important for the control of HBV infection,12,23,24 we 

analyzed the effector functionality of HBV-specific CD4+ and CD8+ T cells at the time 

of treatment withdrawal (baseline) and throughout NA discontinuation. At baseline, the 

proportion of patients with HBV-specific CD8+ T cells expressing CD107a and IFNɣ 

after in vitro peptide stimulation was higher amongst patients who subsequently 

remained off-therapy compared to those that needed treatment re-introduction. The 

presence of polyfunctional T cells has been associated with an improved control of viral 

replication.23,25 Accordingly, we found that the frequency of HBV-specific T cell co-

producing IFNɣ/TNFɑ were higher both at baseline and 1 year after stopping therapy in 

patients who remained off-therapy. However, in contrast to recent findings,14 treatment 
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withdrawal did not induce any significant change in the HBV-specific CD8+ and CD4+ 

T cell response after 12 or 48 weeks of follow-up.  

Interestingly, patients achieving HBsAg loss presented a heterogeneous HBV-specific 

effector T cell response both at baseline and during follow up, with no clear pattern 

differentiating those patients achieving HBsAg loss after an ALT flare or not. In line 

with the concept that HBV-specific CD8+ T cells can exert viral control without liver 

damage,24 a recent study showed higher baseline frequencies of core and polymerase-

specific CD8+ T cells were predictive of viral control in the absence of a flare after 

treatment interruption.13 Our findings similarly show that higher baseline HBV-specific 

CD8+ T cells were predictive of virological control off-treatment. In both studies, ALT 

flares were not associated with significant increases in HBV-specific CD8+ T cell 

frequency (in the Rivino et al. study they were lower in the flaring group), raising the 

possibility of alternative immune mechanisms driving liver damage. 

Finally, our study also has some limitations. First, although an HBsAg threshold was 

not an inclusion criterion, our cohort is characterized by a proportion of patients with 

low HBsAg levels at baseline which might have influenced the improved success rates 

in this study. Nonetheless, when excluding the two patients with lower qHBsAg (<1 

IU/ml), the statistical analysis regarding baseline differences and predictive factors 

remained the same. Second, due to the limited amount of liver tissue, we were not able 

to assess HBV-DNA integration nor to study innate immune responses within the liver26 

or contribution of liver-resident T cells to viral control.27–29 Lastly, we cannot rule-out 

future transition to a different HBV infection phase in patients with virological control, 

thus these patients remain under clinical monitoring. 

In summary, stopping NA therapy is feasible in a high proportion of HBeAg-negative 

patients without cirrhosis. Although lower cccDNA transcriptional activity after long-
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term antiviral therapy is associated with successful outcome after NA withdrawal, 

intrahepatic viral parameters do not seem to improve the predictive capacity of readily 

available serum markers such as HBsAg. Indeed, low HBsAg levels (≤1000 IU/ml) may 

offer predictive value in assessing those patients in whom no specific intervention other 

than stopping antiviral therapy and close monitoring would be a valid therapeutic 

strategy for achieving functional cure. For those patients with a less favorable 

virological profile, the strength of HBV-specific T cell responses at baseline may 

contribute to the outcome of treatment interruption. The latter group may be more 

responsive to novel finite immunotherapeutic options after NA discontinuation to 

increase the rate of HBsAg loss. 
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Figure Legends 

Figure 1. Patient outcome and viral kinetics after NA discontinuation. (A) Patient 

outcome after NA discontinuation. Bars represent the percentage of patients with 

HBsAg loss, virological control or re-treatment. The number of patients is shown within 

the bars. (B) HBV-DNA, HBsAg and ALT kinetics. For re-treated patients, the dotted 

line represents the evolution after treatment re-introduction.  

Figure 2. Correlations between HBsAg and intrahepatic replication markers 

before NA discontinuation. Correlation between HBsAg and (A) iHBV-DNA, (B) 

iHBV-RNA and (C) iHBV-RNA/cccDNA ratio as a measure of cccDNA transcriptional 

activity. Rho, Spearman’s correlation coefficient; #Data available for 18 patients. 

Figure 3. Association between baseline virological markers and outcome after NA 

discontinuation. (A) Baseline HBsAg, iHBV-DNA and cccDNA levels according to 

patient outcome. The red lines indicate median values. (B) Proportion of patients with 

detectable HBcrAg, serum HBV-RNA and iHBV-RNA according to outcome. Mann-

Whitney (A) and Chi-squared tests (B) were used for comparison, *p<0.05, **p<0.01, 

***p<0.001. (C) Kaplan-Meier curves for HBsAg loss after NA interruption according 

to HBsAg levels at baseline. LR, likelihood ratio; Se, sensibility; Sp, specificity; PPV, 

positive predictive value; NPV, negative predictive value. #Data available for 18 

patients.  

Figure 4. HBV-specific T cell responses at baseline and during follow-up. (A) 

Percentage of patients with baseline HBV-specific T cell responses (≥0.1% positive 

cells after subtracting the unstimulated control) and hierarchy of the T cell responses 

according to the different overlapping peptide (OLP) pools. (B) Degranulating CD8+ T 

cells after in vitro expansion with core OLP. (C) Polyfunctional T cells co-expressing 

IFNɣ and TNFɑ after core OLP stimulation at baseline and 48 weeks after treatment 
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withdrawal. Bars represent the median and dotted lines the 0.1% cut-off for positive T 

cell responses minus the unstimulated control (B and C). Chi Square test (A) and 

Welch’s t-test (B, C) were used to compare groups, *p<0.05, **p<0.01. 

Figure 5. HBV-specific T cell responses do not increase after NA withdrawal. (A) 

Longitudinal analysis of HBV-specific T cell responses after stopping therapy (entire 

cohort and broken down by clinical outcome: off-therapy and re-treated). Data are 

expressed as mean±SEM. (B) Heat map showing normalized median frequencies of 

HBV-specific T cell responses against each OLP at baseline (BL), week 12 (W12) and 

week 48 (W48) after treatment discontinuation. Normalization was performed by 

scaling maximum and minimum values per marker between 0 and 1. Env, envelope; 

Pol, polymerase. Absence of * indicates no differences compared to baseline in each 

group. 

Figure 6. HBV core-specific CD8+ T cell responses in patients who achieved 

HBsAg loss after treatment withdrawal. (A) Representative dot plots of HBV-

specific effector CD8+ T cells from 2 patients who lost HBsAg. (B) Longitudinal HBV-

specific T cell responses against core OLP in patients that achieved HBsAg loss after 

stopping therapy. 
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Table 1. Characteristics of the entire cohort at baseline and during follow-up 

according to clinical outcome. 

Variables ALL patients 
 

(n=27) 

HBsAg loss 
 

(n=8) 

Virological 
control 
(n=14) 

Treatment 
re-introduction 

(n=5) 

p 

Gender (male) 21 (78%) 7 (87%) 10 (71%) 4 (80%) 0.67 

Age (years) 56 (45-61) 60 (57-63) 51 (43-56) 46 (44-65) 0.17 

Duration of NA therapy (years) 8 (7-13) 13 (9-15) 8 (7-12) 8 (7-11) 0.18 

NA therapy 
 Tenofovir 
 Entecavir 

 
20 (74%) 
7 (26%) 

 
8 (100%) 

0 

 
9 (64%) 
5 (36%) 

 
3 (60%) 
2 (40%) 

 
0.13 

Baseline elastography (kPa) 
Last elastography (kPa; n=19) 

4.8 (4.0-5.5) 
5.3 (4.3-6.1) 

4.3 (3.3-5.1) 
4.4 (3.7-5.4) 

4.8 (3.9-5.3) 
5.7 (4.2-6.7) 

4.8 (3.9-5.3) 
5.3 (4.9-5.7) 

0.28 
0.19 

Fibrosis stage  
 F0-1 
 F2 

 
25 (93%) 

2 (7%) 

 
7 (88%) 
1 (12%) 

 
13 (93%) 

1 (7%) 

 
5 (100%) 

0 

 
0.70 

HBV genotype 
 A 
 C 
 D 
 F 

 
3 (11%) 

1 (4%) 
21 (78%) 

2 (7%) 

 
0 
0 

6 (75%) 
2 (25%) 

 
2 (14%) 

1 (7%) 
11 (78%) 

0 

 
1 (20%) 

0 
4 (80%) 

0 

 
0.31 

Baseline ALT (IU/L) 
ALT peak ≥2 UNL 
ALT peak ≥5 UNL 
ALT peak ≥10 UNL 
Last ALT (IU/L) 

23 (17-26) 
17 (63%) 
8 (29%) 
6 (22%) 

22 (16-30) 

21 (17-26) 
3 (36%) 
3 (36%) 
3 (36%) 

17 (16-20) 

23 (19-28) 
9 (64%) 
2 (14%) 

1 (7%) 
28 (23-33) 

16 (15-27) 
5 (100%) 
3 (60%) 
2 (40%) 

27 (22-36) 

0.45 
0.07 
0.13 
0.15 

0.004 

HBV-DNA peak ≥2000 IU/ml 
HBV-DNA peak ≥20000 IU/ml 

21 (78%) 
12 (44%) 

3 (37%) 
2 (25%) 

13 (93%) 
5 (36%) 

5 (100%) 
5 (100%) 

0.005 
0.019 

Serum virological markers      

Baseline qHBsAg (IU/ml)  
 ≤2000 IU/ml 
 ≤1000 IU/ml 
 ≤100 IU/ml 

1310 (556-3031) 
17 (63%) 
11 (41%) 
5 (18%) 

70 (13-507) 
8 (100%) 
7 (87%) 
5 (63%) 

2020 (1089-4361) 
7 (50%) 
3 (21%) 

0 

2122 (933-3158) 
2 (40%) 
1 (20%) 

0 

0.002 
0.03 

0.006 
0.001 

Last qHBsAg (IU/ml) 
 ≤2000 IU/ml 
 ≤1000 IU/ml 
 ≤100 IU/ml 

372 (0-1689) 
21 (28%) 
17 (63%) 
10 (37%) 

0 
n.a 
n.a 
n.a 

1368 (175-2749) 
9 (64%) 
6 (43%) 
2 (14%) 

661 (350-1953) 
4 (80%) 
3 (60%) 

0 

0.82 
0.48 
0.62 
0.53 

Delta qHBsAg (Log IU/ml) -0.22 -(0.58-0.16) n.a -0.22 -(0.66-0.14) -0.39 -(0.51-0.17) 0.92 

Baseline HBcrAg (positive) 
Baseline HBcrAg (log U/ml)¥ 
Last HBcrAg (positive) 

13 (48%) 
3.2 (2.8-5.1) 

8 (29%) 

2 (25%) 
3.9 (2.8-5.1) 

1 (12%) 

8 (57%) 
3.0 (2.8-3.3) 

5 (36%) 

3 (60%) 
3.0 (2.8-3.4) 

2 (40%) 

0.29 
0.97 
0.53 
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Baseline HBV-RNA (positive) 
Baseline HBV-RNA (copies/ml)¥ 
Last HBV-RNA (positive) 

11 (41%) 
136 (96-842) 

10 (37%) 

1 (12%) 
n.a 

0 

7 (50%) 
101 (96-477) 

7 (50%) 

3 (60%) 
840 (603-922) 

3 (60%) 

0.14 
0.07 
0.53 

Liver virological markers at baseline     

iHBV-DNA (copies/cell) 0.36 (0.14-1.02) 0.04 (0.02-0.13) 0.58 (0.25-1.15) 0.91 (0.53-1.33) 0.001 

cccDNA (copies/cell) 0.09 (0.035-0.36) 0.04 (0.01-0.40) 0.11 (0.06-0.36) 0.05 (0.02-0.29) 0.32 

iHBV-RNA (positive)# 
iHBV-RNA (copies/25ng total RNA)#¥ 

11/18 (61%) 
203 (37-4417) 

2/7 (14%) 
n.a 

7/8 (87%) 
655 (28-4417) 

3/3 (100%) 
123 (29-184) 

0.009 
0.15 

iHBV-RNA/cccDNA#¥ 3834 (76-34780) n.a 5642 (76-34780) 3835 (3174-28996) 0.72 

 

Categorical and quantitative data are expressed as n (%) and median (interquartile range), respectively. 

n.a., not applicable. 

¥ Analysis of median (interquartile range) values for HBcrAg, HBV-RNA, iHBV-RNA and iHBV-RNA/cccDNA was 

performed only considering patients with positive results. 

# Data available for 18 patients. One patient in the HBsAg loss group had detectable iHBV-RNA <LLQ. 
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Figure 1
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Figure 2
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Figure 5
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Highlights 

• Stopping NA is feasible in a high proportion of HBeAg-negative CHB patients. 

• Low baseline HBsAg titres identify patients achieving functional cure. 

• Reduced cccDNA activity is associated with HBsAg loss after NA discontinuation. 

• HBV-specific T cell functionality may influence patient outcome upon NA withdrawal. 

 

 

Jo
urn

al 
Pre-

pro
of


