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Summary
Background: Stopping nucleos(t)ide analogue (NA) therapy in patients with chronic 
hepatitis B (CHB) may trigger a beneficial immune response leading to HBsAg loss, 
but clinical trials on re-start strategies are lacking.
Aim: To assess whether it is beneficial to undergo a prolonged flare after NA cessation.
Methods: One-hundred-and-twenty-seven patients with HBeAg negative, non-
cirrhotic CHB with at least 24 months of viral suppression on NA therapy were in-
cluded. All study participants stopped antiviral therapy and were randomised to 
either low-threshold (ALT > 80 U/L and HBV DNA > 2000 IU/mL) or high-threshold 
(ALT > 100 U/L for >4 months, or ALT > 400 U/L for >2 months) for the re-start of 
therapy. The primary endpoint was HBsAg loss within 36 months of stopping antiviral 
treatment. The primary analysis was based on intention-to-treat allocation with last 
observation carried forward.
Results: There was a numerical but not statistically significant difference in HBsAg 
loss between the low-threshold (3 of 64; 4.7%) and the high-threshold (8 of 63; 
12.7%) group (risk difference: 8.0%, 95% CI: −2.3 to 19.6, p = 0.123). None of the 
patients with end-of-treatment HBsAg > 1000 IU/mL achieved HBsAg loss; among 
those with end-of-treatment HBsAg < 1000 IU/mL, 8 of 15 (53.3%) achieved 
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1  | INTRODUC TION

Globally, an estimated 257.5 million people live with chronic hepati-
tis B virus (HBV) infection and 858,000 die each year of its complica-
tions, mainly decompensated cirrhosis and hepatocellular carcinoma 
(HCC).1 Antiviral therapy with oral nucleo(t)side analogues (NA) 
effectively reduces the risk of these complications but does not 
eradicate HBV DNA from the hepatocytes.2–4 Consequently, viral 
rebound occurs once NA therapy is stopped. Therefore, treatment 
is usually indefinite which implicates concerns about long-term tox-
icities, accumulated drug costs and patients’ reluctance to adhere to 
lifelong medication.5,6

The ideal treatment outcome in chronic hepatitis B (CHB) is 
hepatitis B s-antigen (HBsAg) loss – considered a functional cure 
– in which disease progression is halted and prognosis is excellent 
even without antiviral therapy.7–10 HBsAg loss, however, is rarely 
achieved with NA therapy; the reported incidence is 0.22% per 
year in hepatitis B e-antigen (HBeAg) negative patients treated 
with entecavir or tenofovir disoproxil fumarate.11 Therefore, there 
is a need to explore new strategies to improve treatment outcome 
in patients with CHB.

In a landmark study, Hadziyannis and colleagues observed that 
13 of 33 patients (39%) with CHB who stopped NA therapy after 
years of full virological suppression experienced HBsAg loss after 
a transient immunological ‘flare’ (i.e. increase in HBV DNA and liver 
transaminases).12 Other studies have later confirmed that the chance 
of HBsAg loss increases when long-term NA therapy is interrupted, 
but the proportion who achieves HBsAg loss varies.13–18

International clinical practice guidelines provide a conditional 
recommendation to stop antiviral treatment in patients with HBeAg 
negative, non-cirrhotic CHB after years of full viral suppression.19,20 
However, it is still unclear which re-start strategy to employ after 
NA withdrawal and liver society guidelines do not provide clear 
guidance on this matter.19–21 A retrospective study from Taiwan sug-
gested that delaying re-treatment after clinical relapse increased the 
likelihood of HBsAg loss.15 On the other hand, a vigorous acute flare 
after NA withdrawal carries the risk of hepatic decompensation and 
a long-standing low-grade flare might lead to liver fibrosis progres-
sion and increased HCC risk.13,17

In the present study, we aimed to compare two different re-
start strategies (low-threshold vs. high-threshold for restart) after 
NA withdrawal in a prospective, randomised, controlled trial (‘The 

Nuc-Stop Study’). The hypothesis was that delaying restart after NA 
withdrawal – and thereby allowing a more pronounced flare – would 
increase the likelihood of HBsAg loss.

2  | MATERIAL S AND METHODS

2.1 | Trial design

This was a multi-centre, open-label, randomised, controlled, paral-
lel group, clinical trial comparing two different re-start strategies 
after cessation of NA therapy in patients with HBeAg negative 
CHB and no history of advanced fibrosis or cirrhosis (EudraCT no.: 
2018-000724-34; Clini​calTr​ials.​gov id.: NCT03681132). The trial 
was monitored by an independent data safety and monitoring com-
mittee. The trial protocol was designed by AJ, DHR and OD and the 
statistical analysis plan (SAP) was written by CSR and ICO; both are 
available in Appendix S1. AJ, DHR and CSR had access to all of the 
data and can vouch for the integrity of the data analyses.

Study participants were randomised to either high-threshold or 
low-threshold for restart of NA therapy. Indication for restart in the 
two groups were:

•	 High-threshold: Alanine aminotransferase (ALT) >100 U/L per-
sisting for more than 4 months without any spontaneous de-
cline toward normal, or ALT > 400 U/L persisting for more than 
2 months

•	 Low-threshold: HBV DNA > 2000 IU/mL and ALT > 80 U/L at one 
assessment

As a safety precaution, NA therapy was re-started regardless of 
randomised group in study participants who experienced any of the 
following:

•	 ALT > 800 U/L
•	 Bilirubin >38 mmol/L or the international normalised ratio (INR) 

≥1.4, in two consecutive samples and ALT > 80 U/L at the confir-
matory test

•	 Diagnosed with cirrhosis based on elastography (transient elas-
tography (TE) >11.0 kPa; acoustic radiation force impulse (ARFI) 
elastography >1.8 m/s; two-dimensional shear wave elastography 
(2D-SWE) >11.5 kPa)

HBsAg loss in the high-threshold group compared to 3 of 26 (11.5%) in the low-
threshold group.
Conclusions: We could not confirm our hypothesis that a higher threshold for re-
start of therapy after NA withdrawal improves the likelihood of HBsAg loss within 
36 months in patients with HBeAg negative CHB. Further studies including only pa-
tients with HBsAg level <1000 IU/mL and/or larger sample size and longer follow-up 
duration are recommended.
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2.2 | Participants

The study was conducted at 10 sites in Scandinavia (Norway, 
Sweden and Denmark) and one site in Ethiopia (Table  S1). Adults 
(18–70 years) with HBeAg negative CHB were eligible for inclusion 
if they had been treated with tenofovir or entecavir uninterruptedly 
for 2 years or more with full viral suppression and had liver fibrosis 
assessment performed within the past 12 months not showing ad-
vanced fibrosis (i.e. equivalent to Metavir score <F3; Table S2). For 
the (few) patients who lacked pre-treatment fibrosis assessment, a 
more conservative liver stiffness threshold was applied (i.e. equiva-
lent to Metavir score <F2). Patients were excluded if they had a his-
tory of decompensated liver disease, previous evidence of cirrhosis 
or HCC, other active liver disease, co-infection with human immu-
nodeficiency virus (HIV), hepatitis C virus (HCV) or hepatitis D virus 
(HDV), current treatment with immunosuppressive medication, cur-
rent alcohol consumption >14 (women) or >21 (men) standard units 
per week, or were pregnant.

2.3 | Interventions

After the initial screening consultation, regular study visits were 
conducted at inclusion (the time of NA cessation), 4, 8, 12 weeks 
and thereafter at 3 months intervals until 36 months after NA ces-
sation (Table  S3). Compliance with treatment cessation was en-
sured by the participants handing in all remaining medication to the 
study personnel at inclusion. In case of a flare, defined as a rise in 
ALT to >80 U/L from normal levels or a rise in ALT to >2× baseline 
ALT level, blood tests were repeated at 1–2 weeks intervals until 
the liver enzymes stabilised or declined. HBsAg, HBV DNA, ALT, 
aspartate aminotransferase (AST), bilirubin and INR were assessed 
at all regular study visits and the participants were evaluated ac-
cording to their allocated re-start strategy and safety criteria.

2.3.1 | Laboratory analysis

HBV DNA and biochemistry analyses were performed locally ac-
cording to standard laboratory procedures. An ALT level of 40 U/L 
was considered the upper limit of normal across all sites. Quantitative 
HBsAg (qHBsAg) analysis was performed at Oslo University 
Hospital in one batch for all study visits with the Elecsys HBsAg II 
Quant assay (Roche Diagnostics GmbH, Mannheim, Germany) on 
the Roche Cobas e801 platform, according to the manufacturer's 
instructions. The assay is a two-step sandwich chemiluminescent 
microparticle immunoassay with a limit of detection of 0.05 IU/mL.

2.3.2 | Elastography

Liver elastography was performed at 12, 24 and 36 months using 
TE (Fibroscan, Echosens, France), ARFI (Siemens AG, Erlangen, 

Germany), or 2D-SWE (GE Healthcare, Wauwatosa, USA). 
Established thresholds for fibrosis and cirrhosis were employed 
(Table  S2). Elastography results with concomitant ALT elevations 
>5 × upper limit of normal were discarded as falsely elevated liver 
stiffness measurements might be observed in this setting.22

2.4 | Outcomes

The primary outcome was occurrence of HBsAg loss, defined as qH-
BsAg below the detection limit, within 36 months after stopping NA 
therapy.

Secondary outcomes were: (i) time to HBsAg loss, (ii) time to 
restart of antiviral therapy, (iii) liver fibrosis progression, (iv) occur-
rence of cirrhosis, (v) occurrence of virological relapse, (vi) occur-
rence of clinical relapse and (vii) sustained off-therapy virological 
response, defined as HBV DNA < 2000 IU/mL and ALT < 40 U/L in 
the absence of NA therapy at all study visits during the third year 
(i.e. at 27, 30, 33 and 36 months after NA withdrawal). Post-hoc 
exploratory outcomes were time to first virological and clinical 
relapse.

2.4.1 | Safety evaluations

All patients were evaluated for unintended medical events (UME) or 
serious UME (SUME) at each visit. Detailed definitions of UME and 
SUME are given in the SAP.

2.5 | Sample size

Sample size calculation was done for the primary endpoint of 
the study (HBsAg loss). Based on previous studies,12,23 we esti-
mated that HBsAg loss would occur in 20% of those in the high-
threshold group (intervention arm) and 1% in the low-threshold 
group (control arm). With a two-sided two-sample proportions 
Fisher's exact test the study required a sample size of 120 par-
ticipants (60 per group) for 90% power and 5% type-I error 
probability.

2.6 | Randomisation and masking

Study participants were allocated to the two groups in a 1:1 
ratio by a computer randomisation procedure stratified by region 
(Scandinavia vs. Ethiopia). The randomisation was blocked within 
each stratum.

The study design did not enable blinding of study participants or 
healthcare providers, but the laboratory staff performing the qHB-
sAg analysis were masked to group allocation. Furthermore, data re-
view and pre-specification and programming of analyses were done 
without knowledge of group allocation. After signing of the SAP and 
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locking the trial database, the group allocation was included in the 
analysis.

2.7 | Statistical methods

There was only one identified primary analysis in this trial and no 
adjustment for multiple testing was performed. Trial populations in-
cluded the full analysis set (FAS) defined as all patients randomly 
assigned to a treatment group, who met the study eligibility criteria, 
the safety analysis set (SAS) including all randomised patients who 
stopped taking antiviral treatment and the per protocol set (PPS) in-
cluding all randomised patients meeting the study eligibility criteria 
and without major protocol deviations.

The primary null hypothesis was that there was no difference 
in the proportion with HBsAg loss between the high-threshold and 
the low-threshold group. The effect measure was the difference be-
tween the probability of having HBsAg loss in the two groups using 
Agresti-Min exact unconditional 95% confidence interval (CI).24 The 
p-value was calculated with the Suissa-Shuster exact unconditional 
test.25 Missing data were imputed with the last observation carried 
forward (LOCF, worst-case scenario). Sensitivity analyses of the 
primary endpoint included: (1) restricting the primary analysis to 
the PPS; (2) missing data imputed with best case scenario; (3) risk 
difference, 95% CI and p-value calculated based on the stratified 
Mantel–Haenszel estimate (stratified for the randomisation factor 
region) and Wald interval (with FAS and LOCF) and (4) exact logistic 
regression adjusted for the randomisation factor region, to report 
the odds ratio (OR) with 95% CI and p-value for the intervention 
effect between high and low-threshold group (with FAS and LOCF).

Post-hoc stratification of the primary outcome and sustained 
virological response by baseline HBV genotype (B/C vs. A/D/E/
unknown) was performed. Post-hoc significance test of the pri-
mary outcome was performed in participants with baseline qHB-
sAg < 1000 IU/mL using the primary analysis method. Secondary 
analyses and descriptive statistics are detailed in the SAP.

2.8 | Ethical considerations

All study participants signed informed consent prior to any study-
related assessments or procedures. The study was approved by the 
National Ethics Committees and the Medical Agencies of all partici-
pating countries and the Data Protection Officials of all participating 
study sites. The study was conducted according to the Declaration 
of Helsinki and International Conference on Harmonisation Good 
Clinical Practice.

2.9 | Role of the funding source

The funder had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript.

3  | RESULTS

3.1 | Study setting and participants

A total of 127 patients were included between November 1st, 2018 
and January 31st, 2020. All study participants stopped taking an-
tiviral therapy at inclusion and were randomised to either the low-
threshold (n = 64) or the high-threshold (n = 63) group for restart of 
antiviral therapy (Figure 1).

Overall, 86 patients (67.7%) were men and the median age was 
43 years (range: 25–66). The majority was taking tenofovir (n = 97; 
76.4%) and the median duration of antiviral treatment prior to in-
clusion was 45 months (interquartile range: 32–76). There were no 
major differences between the two re-treatment groups (Table 1).

Three patients in the low-threshold group and four patients in 
the high-threshold group did not complete 36 months of follow-up 
due to patient withdrawal (n = 3), pregnancy (n = 3) or moving abroad 
(n = 1). In addition, six patients (three in each group) did not re-start 
antiviral therapy according to protocol and were excluded from the 
PPS (Figure 1).

3.2 | Primary outcome

Eleven patients (8.7%) reached the primary outcome (HBsAg loss) 
within 36 months of follow-up. The primary analysis showed no 
statistically significant difference in HBsAg loss between the low-
threshold (3 of 64; 4.7%) and high-threshold (8 of 63; 12.7%) group 
in the full analysis set (risk difference: 8.0%; 95% CI: −2.3 to 19.6; 
p = 0.123; Figure  2A). This finding remained when restricting the 
analysis to the per protocol set (risk difference: 9.1%; 95% CI: −2.2 
to 21.8; p = 0.111) and in the other predefined sensitivity analyses 
(Table 2). Compared to the low-threshold group, the high-threshold 
group had an odds ratio of 3.0 (95% CI: 0.7–18.2; p = 0.193) for 
HBsAg loss. None of the patients who restarted therapy achieved 
HBsAg loss in either of the groups.

The proportion with HBsAg loss appeared to be contingent on 
qHBsAg level at the time of NA withdrawal. In patients with end-
of-treatment qHBsAg < 100, 100–999 and ≥1000 IU/mL the pro-
portion with HBsAg loss was 67.7%, 10.3% and 0%, respectively. 
The corresponding proportion was 50.0%, 0% and 0% in the low-
threshold group and 83.3%, 33.3% and 0% in the high-threshold 
group (Figure 2B). However, the absolute number of patients with 
qHBsAg < 100 IU/mL at the time of NA withdrawal was low (Table 2).

In a post-hoc analysis of study participants with end-of-
treatment qHBsAg level < 1000 IU/mL, there seemed to be a higher 
chance of HBsAg loss in the high-threshold group compared to 
the low-threshold group: 8 of 15 (53.3%) lost HBsAg in the high-
threshold group compared to 3 of 26 (11.5%) in the low-threshold 
group (risk difference: 41.8%; 95% CI: 12.7–66.8; p = 0.004).

HBV genotype also appeared to be associated with HBsAg 
loss. Only one of 35 patients (2.9%) with genotype B and C (the 
dominating strains in East Asia) achieved HBsAg loss, compared 
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to 10 of 92 (10.9%) with other genotypes (Figure  2C), although 
the mean end-of-treatment qHBsAg was comparable between 
the groups (genotype B/C: 3.0 log10 IU/mL vs. other genotypes: 
3.2 log10 IU/mL). The type of antiviral medication was not asso-
ciated with HBsAg loss: 8 of 97 (8.2%) who stopped tenofovir 
achieved HBsAg loss, compared to 3 of 30 (10.0%) who stopped 
entecavir (Figure  2D); the mean end-of-treatment qHBsAg was 
comparable between the groups (tenofovir: 3.1 log10 IU/mL vs. 
entecavir: 3.3 log10 IU/mL).

3.3 | Secondary outcomes

There was no significant difference in time from NA withdrawal to 
HBsAg loss between the groups (high-threshold vs. low-threshold 
group; hazard ratio: 2.87; 95% CI: 0.76–10.84; p = 0.119) (Figure 3).

As expected, restart of therapy was more frequent in the low-
threshold group: 27 (43.5%) patients in the low-threshold group and 
10 (16.1%) in the high-threshold group restarted treatment within 
36 months of follow-up. Similarly, the time from NA withdrawal to 
restart of antiviral therapy was shorter in the low-threshold group 
and the majority restarted within the first year after treatment with-
drawal (Figure S1).

Overall, 110 (86.6%) study participants had virological relapse 
(HBV DNA > 2000 IU/mL) within 36 months of follow-up; the me-
dian time to first virological relapse was 2.1 months (Figure S2A). 

A total of 51 (40.2%) study participants had clinical relapse (HBV 
DNA > 2000 IU/mL and ALT > 80 U/L) during follow-up (Figure 3A). 
Time to first virological and clinical relapse was similar in the low-
threshold and high-threshold group. Patients who stopped teno-
fovir had earlier virological and clinical relapse compared to those 
who stopped entecavir (Figures S2B and S3B). The proportion of 
study participants with HBsAg loss, restart of therapy, virologi-
cal relapse and clinical relapse at each follow-up visit is shown in 
Figure 4.

Sustained off-therapy virological response was assessed in 120 
patients who completed 36 months of follow-up. Overall, 37 pa-
tients (30.8%) had sustained off-therapy virological response, which 
included 10 of the 11 patients with HBsAg loss (one patient had 
ALT > 40 U/L and thus did not meet the pre-specified definition). No 
difference was observed between the two groups: 20 of 61 (32.8%) 
achieved sustained off-therapy response in the low-threshold group 
and 17 of 59 (28.8%) in the high-threshold group (odds ratio for high-
threshold group: 0.81; 95% CI: 0.38–1.75; p = 0.593) (Table S4).

There was no difference between the groups with respect to 
liver fibrosis progression or occurrence of cirrhosis (Table S5).

3.4 | Safety and adverse events

In the low-threshold group, 40 patients (62.5%) reported a total of 
87 UMEs, of whom nine (14.1%) were classified as SUMEs. In the 

F I G U R E  1   CONSORT diagram 
demonstrating enrolment, allocation, 
follow-up, and analysis of study patients.
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Low threshold restart group 
(N = 64)

High threshold restart 
group (N = 63)

Age (years)

Mean (SD) 45.7 (9.6) 42.7 (9.4)

Body mass index (kg/m2]

Mean (SD) 24.7 (3.7) 24.8 (4.5)

Quantitative HBsAg (log10 IU/mL)

Mean (SD) 3.2 (0.9) 3.2 (1.0)

Quantitative HBsAg level, n (%)

<100 IU/mL 6 (9.4%) 6 (9.5%)

100–999 IU/mL 20 (31.3%) 9 (14.3%)

≥1000 IU/mL 38 (59.4%) 48 (76.2%)

Study region, n (%)

Scandinavia 50 (78.1%) 49 (77.8%)

Ethiopia 14 (21.9%) 14 (22.2%)

Sex, n (%)

Male 41 (64.1%) 45 (71.4%)

Female 23 (35.9%) 18 (28.6%)

Country of birth, n (%)

Africa 23 (35.9%) 29 (46.0%)

Asia 29 (45.3%) 24 (38.1%)

Europe/North America 12 (18.8%) 10 (15.9%)

HBV genotype, n (%)

A 13 (22.0%) 16 (28.6%)

B 11 (18.6%) 6 (10.7%)

C 10 (16.9%) 8 (14.3%)

D 21 (35.6%) 20 (35.7%)

E 4 (6.8%) 6 (10.7%)

Missing 5 7

Antiviral medication, n (%)

Tenofovira 51 (79.7%) 46 (73.0%)

Entecavir 13 (20.3%) 17 (27.0%)

Harmful alcohol consumption, n (%)

No 64 (100.0%) 63 (100.0%)

Diabetes, n (%)

No 60 (93.8%) 59 (93.7%)

Yes 4 (6.3%) 4 (6.3%)

Liver fibrosis stage at NA withdrawal, n (%)

F0/F1 58 (96.7%) 55 (91.7%)

F2 2 (3.3%) 5 (8.3%)

Missing 4 3

Liver fibrosis stage prior to starting NA therapy, n (%)

F0/F1 37 (66.1%) 34 (68.0%)

F2 11 (19.6%) 9 (18.0%)

F3 8 (14.3%) 7 (14.0%)

Missing 8 13

Abbreviations: NA, nucleos(t)ide analogue; SD, standard deviation.
aTenofovir disoproxil fumarate (N = 90), tenofovir alafenamide (N = 6), tenofovir disoproxil 
fumarate/emtricitabine (N = 1).

TA B L E  1   Baseline characteristics of 
study participants (N = 127).
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high-threshold group, 34 patients (54.0%) reported 89 UMEs, 16 
(25.4%) of whom were classified as SUMEs. Tables S6–S11 summa-
rise all UMEs and SUMEs reported.

Twelve patients (9.4%) restarted therapy after meeting the abso-
lute safety criteria defined in the protocol, six in the low-threshold 
group and six in the high-threshold group. Ten of these patients re-
started because of ALT > 800 U/L (maximum ALT: 2600 U/L), one be-
cause of elevated bilirubin >38 mmol/L in two consecutive samples and 
ALT > 80 U/L at the confirmatory test and one because of high INR ≥ 1.4 
in two consecutive samples and ALT > 80 U/L at the confirmatory test. 
Table S12 summarises the characteristics of patients with an ALT flare 
>800 U/L. Notably, all severe flares occurred in patients who stopped 
tenofovir and all but one occurred within 4 months of treatment with-
drawal. In all patients, ALT declined to normal levels and HBV DNA 
was fully suppressed after restart of NA therapy (Figure S4) and none 
developed signs or symptoms of decompensated liver disease.

INR ≥ 1.4 was defined a priori as a SUME and was reported in 
8 (12.5%) and 12 (19.0%) patients in the low-threshold and high-
threshold group, respectively. However, most (N = 17) were observed 
at the Ethiopian study site where the average INR was higher, both 
at the baseline and follow-up and thus not a manifestation of liver 
dysfunction; only one of these events was accompanied by elevated 
ALT and seen by the investigator as possibly linked to liver disease.

One patient in the high-threshold arm was diagnosed with HCC 
during follow-up. This was an Asian man in his late 50s with a fam-
ily history of HCC, who restarted treatment 2 months after NA 
withdrawal because of an ALT flare to >800 U/L. His liver enzymes 
quickly normalised but 17 months later a liver mass (diameter: 2.8 cm) 
was detected on routine imaging. He underwent liver resection and 
immunotherapy without signs of recurrence to date, 39 months after 
resection.

3.5 | Sub-group analyses

No formal sub-group analysis was performed for the primary out-
come because of low number of participants experiencing the out-
come, in agreement with the SAP.

Sub-group analysis for sustained off-therapy virological re-
sponse showed an association with end-of-treatment qHBsAg level: 
67.7%, 44.8% and 18.6% achieved sustained off-therapy virological 
response in patients with qHBsAg < 100, 100–999 and ≥1000 IU/
mL, respectively. The corresponding proportion was 67.7%, 50.0% 
and 15.8% in the low-threshold group and 67.7%, 33.3% and 20.8% 
in the high-threshold group. Sustained off-therapy virological re-
sponse was seen in 11.4% of patients with HBV genotype B and C 

F I G U R E  2   HBsAg loss at 36 months. Proportion of patients with HBsAg loss at 36 months according to restart group: (A) Total study 
population (n = 127). (B) Stratified by HBsAg level at end-of-treatment grouped into <100 IU/mL (n = 12), 100–1000 IU/mL (n = 29), and 
>1000 IU/mL (n = 86). (C) Stratified by HBV genotype (B/C [n = 35] vs. A/D/E/unknown [n = 92]). (D) Stratified by antiviral medication prior to 
treatment cessation (tenofovir [n = 90] vs. entecavir [n = 30]).
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compared to 35.9% with other genotypes; and in 32.0% of patients 
who stopped tenofovir compared to 20.0% of those who stopped 
entecavir (Figure S5). No significant interaction was observed in the 
subgroup analyses by qHBsAg level, HBV genotype or type of anti-
viral therapy (Table S4).

4  | DISCUSSION

In this investigator-initiated, multicentre, randomised controlled trial, 
we investigated whether a high-threshold versus a low-threshold for 
restarting treatment after NA withdrawal in patients with HBeAg 
negative CHB was associated with an increased probability of func-
tional cure, defined as achieving HBsAg loss. Although our results 
strengthen this hypothesis, we were unable to confirm it at the pre-
specified significance level.

Overall, HBsAg loss was less common in our study (8.7% after 
36 months) than we anticipated. We based our sample size calcula-
tion on the much-cited study by Hadziyannis and colleagues where 
8 of 33 patients (24.2%) lost HBsAg after 36 months12 and the pro-
spective FINITE study where 4 of 21 patients (19.0%) lost HBsAg 
after 36 months.23 Recent studies, however, report more modest 
rates of HBsAg loss. The German STOP-NUC trial reported 10.1% 

HBsAg loss after 24 months26 and a retrospective multicentre study 
with 1552 participants reported that 10.4% had HBsAg loss after 
36 months of follow-up – in line with our findings.17 Further inves-
tigations of the hypothesis that a prolonged flare promotes HBsAg 
loss should take recent information (including our findings) into con-
sideration when calculating the required sample size.

We found that all cases of HBsAg loss occurred in those with 
end-of-treatment qHBsAg <1000 IU/mL. Among those with HBsAg 
levels <1000 IU/mL, 8 of 15 (53%) lost HBsAg in the high-threshold 
group compared to 3 of 26 (12%) in the low-threshold group. This res-
onates with the retrospective RETRACT-B study, where low end-of-
treatment qHBsAg was the strongest predictor of HBsAg loss, with a 
50 times higher chance of HBsAg loss in those with qHBsAg < 100 IU/
mL compared to >1000 IU/mL.17 Furthermore, in a systematic review 
which included 11 observational studies with 1716 patients from 
Asia, end-of-treatment qHBsAg < 100 IU/mL was associated with 
21.1%–58.8% chance of subsequent HBsAg loss compared to 0.0% in 
those with qHBsAg > 1000 IU/mL.27 Further studies of optimal stop 
and restart strategies, therefore, should consider including only pa-
tients with end-of-treatment HBsAg level <1000 IU/mL.

Although only 8.7% achieved HBsAg loss in our study, it is worth 
noting that almost one third of patients who stopped NA therapy 
had sustained off-therapy response, defined as viral load <2000 IU/

N (%) with HBsAg loss

Risk difference 
(95% CI) p-value

Low threshold 
group (N = 64)

High threshold 
group (N = 63)

Primary analysisa 3 (4.7%) 8 (12.7%) 8.0% (−2.3 to 
19.6)

0.123

Analysis restricted to 
the PPSb

3 (5.2%) 8 (14.3%) 9.1% (−2.2 to 
21.8)

0.111

Best case imputationc 6 (9.4%) 12 (19.1%) 9.7% (−0.3 to 
22.8)

0.127

Stratified analysisd

Scandinavia 3 (6.0%) 7 (14.3%) 8.0% (−1.6 to 
17.7)

0.103

Ethiopia 0 (0%) 1 (7.1%)

OR (95% CI) p value

Exact logistic 
regressione

0.193

Low-threshold 
group

1.0

High-threshold 
group

3.0 (0.7 to 18.2)

Abbreviations: CI, confidence interval; OR, odds ratio; PPS, per protocol set.
aDifference between the probability of having HBsAg loss in the two groups using Agresti-Min 
exact unconditional 95% CI and p-value calculated with the Suissa-Shuster exact unconditional 
test. Missing values imputed with last observation carried forward.
bSame as primary analysis but restricted to the per protocol set (n = 114).
cSame as primary analysis but missing imputed with having HBsAg loss.
dStratified Mantel–Haenszel estimate and Wald interval. Missing values imputed with last 
observation carried forward.
eOdds ratio, 95% CI and p-value calculated from exact logistic regression adjusted for region. 
Missing values imputed with last observation carried forward.

TA B L E  2   Effect of low-threshold vs. 
high-threshold for treatment restart on 
HBsAg loss.
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mL and normal ALT at all measurements during the third study year. 
This compares well with the German STOP-NUC trial where clinical 
remission was reported in 41% of study participants.26 These pa-
tients can be classified as HBeAg negative HBV infection (previously 

‘inactive carriers’), a group considered to have a beneficial prognosis 
without antiviral therapy.28 Thus, even patients without HBsAg loss 
might benefit from NA withdrawal in terms of avoiding lifelong NA 
therapy.

F I G U R E  3   Time to HBsAg loss. Kaplan-Meier curve showing time to HBsAg loss for the two restart groups. (A) Total study population 
(n = 127). (B) Stratified by antiviral medication prior to treatment cessation (tenofovir [n = 90] vs. entecavir [n = 30]). (C) Stratified by HBsAg 
level at end-of-treatment grouped into <100 IU/mL (n = 12), 100–1000 IU/mL (n = 29) and >1000 IU/mL (n = 86).

F I G U R E  4   HBsAg loss, virological relapse, clinical relapse and restart of treatment during 36 months follow-up for low-threshold (A) 
and high-threshold (B) restart groups. Diagrams showing the different outcomes: HBsAg loss (green); virological relapse defined as HBV 
DNA > 2000 IU/mL and ALT < 80 U/L (yellow); clinical relapse defined as HBV DNA > 2000 IU/mL and ALT > 80 U/L (orange); restarted 
treatment (burgundy); off-therapy HBV DNA < 2000 IU/mL (grey); and missing data (black) at each time point.
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In the current trial 7.1% experienced a severe flare, defined as 
ALT increase to >800 U/L. The peak ALT activity observed was 
2600 U/L; however, bilirubin increased slightly only in one pa-
tient. All patients with a flare responded quickly to restart of NA 
therapy with normalisation of ALT and bilirubin and full viral sup-
pression. Although we took measures not to enrol patients with 
cirrhosis – who are at increased risk of hepatic flares and decom-
pensation following treatment withdrawal – it should be noted 
that 21 patients lacked pre-treatment fibrosis assessment and we 
cannot rule out that some had subclinical cirrhosis even though 
liver stiffness at enrolment in the trial was normal.29 Notably, with 
the monitoring and retreatment strategy employed in the present 
study, none developed hepatic decompensation. The frequency of 
severe flares in our study is in line with a recent systematic review 
and meta-analysis reporting severe hepatic flares or hepatic de-
compensation after NA withdrawal in 0.89% of non-cirrhotic HBV 
patients.30 Of concern, the same meta-analysis reported liver re-
lated death or liver transplantation in 0.3% of non-cirrhotic HBV 
patients following NA withdrawal. Taken together with the recent 
report of subacute liver failure shortly after NA withdrawal in the 
REEF-2 trial,31 this calls for caution and underscores the need for 
reliable predictors of outcome rather than seeing NA withdrawal 
as a ‘one-size-fits-all’ intervention.

We observed one case of HCC during the follow-up period of 
the present study, in a person without past or current evidence of 
cirrhosis. At the time of the detection, 17 months after a brief stop of 
NA, the tumour diameter was 2.8 cm. Considering that the doubling 
time of HCC lesions is on average 4–5 months,32 it was deemed un-
likely that the development of cancer was related to NA withdrawal. 
Instead, the tumour detection was considered a result of closer mon-
itoring within the framework of a clinical trial.

There were some weaknesses of the present study. First, our a 
priori estimate of HBsAg loss was higher than observed and higher 
than reported in studies published after the initiation of our trial and 
therefore the study might have been underpowered. Second, the 
study was open-label and conducted with a hypothesis that a high-
threshold for restarting NA therapy was beneficial. Thus, we cannot 
exclude that knowing the allocation might have influenced the clin-
ical decisions and caused deviations from the study protocol. Third, 
we did not have data on qHBsAg evolution prior to stopping NA 
therapy and thus cannot exclude that some patients already had a 
decline towards HBsAg loss; however, previous studies have shown 
that HBsAg decline is very slow and spontaneous HBsAg loss rarely 
occurs in persons on stable NA therapy.11,26

The main strength of our study was that it was the first ran-
domised, controlled trial testing the hypothesis that a powerful flare 
after NA withdrawal may be beneficial. Moreover, we had few drop-
outs and we included patients from different geographic locations 
and of various ethnic origin with a corresponding spread in HBV gen-
otypes, making our findings more generalisable.

In conclusion, we could not confirm our hypothesis that a higher 
threshold for restart of therapy after NA withdrawal increases 
the likelihood of HBsAg loss in non-cirrhotic patients with HBeAg 

negative CHB. There was, however, a numerical difference between 
the two arms and further studies including only patients with end-
of-treatment qHBsAg < 1000 IU/mL and/or larger sample size and 
longer follow-up duration are recommended.
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