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Abstract

Background: Chronic hepatitis B (CHB) patients have a high virological relapse rate after cessation of nucleos(t)ide analog
(NA) treatment, but the clinical outcome remains unclear. This study aimed to investigate the 96-week clinical outcomes
and the risk factors for relapse in CHB after cessation of NAs.
Methods: This study was a prospective trial; 74 eligible patients were enrolled. The patients underwent NA cessation and
follow-up according to the 2012 Asian Pacific Association for the Study of the Liver Guideline. Symptoms, biochemical
(aspartate aminotransferase [AST], alanine aminotransferase [ALT], total bilirubin, urea nitrogen, creatinine), virological
data (hepatitis B surface antigen [HBsAg], hepatitis B e antigen [HBeAg], hepatitis B e antibody [HBeAb], hepatitis B virus
[HBV] DNA levels), and color Doppler ultrasound examination results were recorded and analysed.
Results: After NA cessation, 19 cases were HBsAg-negative without relapse during the 96-week follow-up. Of the 55 cases of
HBsAg-positive after cessation, four types of clinical outcomes were observed. Twelve patients had no relapse during the
96-week follow-up (type A, 21.8%), 7 patients underwent virological relapses but spontaneously had a non-virological
relapse (type B, 12.7%), 10 patients maintained virological relapse (type C, 18.2%), and 26 patients turned to clinical relapse,
received NA retreatment, and achieved ALT normalization and negative conversion of HBV DNA within 12 months (type D,
47.3%). The 2-year overall cumulative rates of virological and clinical relapses were 58.1% and 24.3%, respectively.
Independent factors associated with virological relapse were duration of negative HBV DNA, EOT (end of treatment) HBsAg,
and original status of HBeAg. The EOT HBsAg was also an independent factor for clinical relapse.
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Conclusions: There are four types of clinical outcomes in patients with CHB after cessation of NA treatment. Further re-
search is needed to explore the mechanism of different clinical outcomes. The EOT HBsAg level is an independent factor as-
sociated with both virological and clinical relapse.
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Introduction

Hepatitis B virus (HBV) infection is a global public health prob-
lem, which is estimated to affect >2 billion people worldwide
[1]. The World Health Organization (WHO) estimated that
257 million people or 3.5% of the population had chronic HBV
infection in 2015 [2]. In China, 78 million people are estimated
to have chronic hepatitis B (CHB) [3], accounting for nearly one-
third of all global cases [4].

Currently, the first-line therapy for CHB includes nucleos(-
t)ide analogs (NAs) and interferon-a (IFN-a), of which NAs are
the most widely used [5]. NA therapy can strongly inhibit re-
verse transcriptase of HBV and reduce serum HBV DNA levels in
CHB patients [6]. However, NAs cannot eliminate covalently
closed circular DNA (cccDNA) of HBV [7] because cccDNA is inte-
grated into the genome of the host hepatocytes [8]. As a result,
long-term (even lifelong) NA treatment is needed, which causes
some concerns, such as large economic burden, low adherence,
high adverse reactions, and drug resistance [9].

Several guidelines for the prevention and treatment of CHB
by different societies, including the Asian Pacific Association for
the Study of the Liver (APASL) [10], European Association for the
Study of the Liver (EASL) [11], American Liver Disease, The
American Association for the Study of Liver Diseases (AASLD)
[12], the WHO [13], and Chinese Medical Association [14], recom-
mend the cessation of NA therapy. However, a significant pro-
portion of patients encounter relapse within 1 year after the
cessation of NA therapy [15, 16]. Relapse may cause adverse
events, such as disease progression, cirrhosis, liver cancer, and
liver failure. Therefore, the feasibility and safety of NA cessation
still need to be further evaluated. This study aimed to report the
96-week clinical outcomes and the predictors of relapse after
cessation of NAs in CHB.

Patients and methods
Study design and subjects

This was a prospective trial. The CHB patients treated in the
Department of Infectious Diseases of the Third Affiliated
Hospital of Sun Yat-sen University (Guangzhou, China) between
December 2013 and December 2018 were enrolled. All patients
were previously treated with NAs before discontinuation, in-
cluding entecavir (ETV), telbivudine (LDT), lamivudine (LAM),
adefovir dipivoxil (ADV), or a combination of LAM and ADV.
This study was approved by the institutional review board of
the Third Affiliated Hospital of Sun Yat-sen University (NO.
[2015]2–81) on 25 March 2015 and all patients signed informed
consent forms. This trial was registered on the Clinical
Trials.gov Protocol Registration and Results System (registration
code: NCT02883647). The study protocol conformed to the ethi-
cal guidelines of the 1975 Declaration of Helsinki as reflected in
a priori approval by the institution’s human research commit-
tee. We have previously reported the 48-week outcome of this
trial [17]. Among the 74 patients included for analysis in this
study, 51 patients had been included in our previous report of
the 48-week outcome of this trial [17].

Enrollment criteria were as follows: (i) CHB patients (sus-
tained positive hepatitis B surface antigen [HBsAg] or HBV DNA
for >6 months [2]) receiving NA treatment; (ii) aged 18–65 years;
(iii) both the duration of NA treatment and HBV DNA-negative
duration exceeded 2 years (HBV DNA test was performed at least
three times, at least once every 6 months); (iv) for patients who
were hepatitis B e antigen (HBeAg)-positive before NA treatment,
the duration of HBeAg seroconversion and consolidation
exceeded 1 year; and (v) before discontinuation, the Roche Cobas
TaqMan HBV test showed ‘not detected’ or ‘<20 IU/mL’.
Exclusion criteria were as follows: (i) combined with cirrhosis,
hepatocellular carcinoma (HCC) or other malignant tumors; (ii)
combined with hepatitis caused by other factors; (iii) pregnant or
lactating women; (iv) combined with human immunodeficiency
virus infection or other congenital immunodeficiency diseases;
(v) with diabetes or other autoimmune diseases; or (vi) with se-
vere organ dysfunction or complications (such as infection, asci-
tes, bleeding, hepatic encephalopathy, hepatorenal syndrome).

Follow-up

The patients were followed up monthly for the first 3 months
after cessation of NA treatment and every 3 months thereafter.
At each follow-up, all symptoms were recorded, such as appe-
tite, fatigue, and jaundice; the incidences of cirrhosis and HCC
were calculated. All patients underwent blood routine tests
(white blood cells, red blood cells, hemoglobin, platelets), blood
biochemical tests (aspartate aminotransferase, alanine amino-
transferase, total bilirubin, urea nitrogen, creatinine), virological
tests (HBsAg, HBeAg, hepatitis B e antibody [HBeAb], HBV DNA
levels), and liver ultrasound examination.

Definition and management of relapse

According to the APASL guidelines for the management of HBV
infection [4], virological relapse was defined as HBV DNA level
>2,000 IU/mL and clinical relapse was defined as HBV DNA level
>2,000 IU/mL and alanine transaminase (ALT) exceeding two
times the upper limit of normal (ULN). After NA discontinuation,
if there was no relapse, the patient continued to be followed up.

Patients with virological relapse were treated as follows: if
the ALT level was no more than two times the ULN, patients
continued to be followed up; if patients had clinical relapse and
the ALT level was between two times the ULN and five times
the ULN, patients without symptoms continued to be followed
up and patients with symptoms received NA treatment again
(retreatment); if the patient had clinical relapse and ALT more
than five times the ULN, NA retreatment was given. The NA
retreatment for clinically relapsed patients included ETV, TDF,
and the original NAs. After retreatment was started, patients
were followed up monthly for the first 3 months and every
3 months thereafter. The relapse-management procedure is
shown in Figure 2.

For patients who were HBsAg-positive after cessation, there
were four types of clinical outcomes: Type A was defined as
patients without virological relapse, the ALT level was normal
during follow-up, and the HBV DNA level did not exceed
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2,000 IU/mL; Type B was defined as patients with virological re-
lapse that turned into no virological relapse without antiviral
treatment and the HBV DNA level did not exceed 2,000 IU/mL at
the end of the 96-week follow-up; Type C was defined as
patients who had maintained virological recurrence, the ALT
level was less than two times the ULN, and the HBV DNA level
was >2000 IU/mL; Type D was defined as those who received
antiviral therapy again (retreatment), the ALT level became nor-
mal and negative conversion of HBV DNA was achieved at
48 weeks after retreatment.

Statistical analysis

Continuous data are presented as mean 6 standard deviation,
whereas categorical data are presented as count and percentage
(%). Student’s independent t-test and one-way Analysis of
Variance (ANOVA) were used to test the difference of means

between two groups or among multiple groups (more than two).
If the data normality assumption was not met, non-parametric
tests were used to compare means between groups, including
the Mann–Whitney U test and the Kruskal–Wallis test.
Categorical data were tested with Chi-square test or Fisher’s ex-
act test (if there was any expected value <5).

The outcome variables included the occurrences of virologi-
cal or clinical relapse at baseline (month 0) and 1, 2, 3, 6, 12, 15,
18, 21, and 24 months after cessation. Associations between in-
dependent variables and outcome variables were analysed us-
ing univariate/multivariate generalized estimating equation
(GEE), binary logistic-regression models. An independent work-
ing correlation matrix was adopted for the repeated measure-
ment data. The statistical significance level for all the tests was
set at a P-value of <0.05. All statistical analyses were performed
using IBM SPSS Version 20 (SPSS Statistics V20, IBM Corporation,
Somers, New York).

Figure 1. The CONSORT diagram of patient enrollment and clinical outcome
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Results
Baseline characteristics

A total of 103 CHB patients were enrolled. There were 20 cases
lost to follow-up, 6 cases with missing data, and 3 patients with
a follow-up period of <2 years. Therefore, 74 eligible patients (51
males and 23 females) were finally included in this study. After
treatment cessation, the mean age of the entire cohort was
36.6 6 9.9 years and the body mass index was 21.8 6 3.1 kg/m2.
The CONSORT diagram of patient enrollment and clinical out-
come is shown in Figure 1. The demographic and clinical char-
acteristics of the patients are shown in Table 1. The most
common NA treatment before cessation was LDT (n¼ 28, 31.1%),
followed by ETV (n¼ 23, 31.1%). As for the original status of
HBeAg, 44 cases were positive while 30 cases were negative.
After the cessation of NAs, 55 cases were positive for HBsAg
while 19 cases were negative (Table 1).

Subgroup analysis stratified by HBeAg and HBsAg status

Subgroup analyses of patients’ characteristics stratified by
HBeAg and HBsAg status were conducted. As shown in Table 1,
the only significant variable between HBeAg-negative and
HBeAg-positive groups was age, where the mean age of the
HBeAg-negative group was significantly higher than that of the
HBeAg-positive group (41.8 6 9.8 vs 33.0 6 8.1 years, P< 0.001).

In the comparisons between HBsAg-negative and HBsAg-
positive groups, it was found that the HBsAg-negative group
had a significantly longer duration of NA treatment (5.6 6 2.6 vs
4.3 6 1.9 years, P¼ 0.044) and time of the negative conversion of

HBV DNA (1.4 6 1.4 vs 0.7 6 1.0 years, P¼ 0.018), as well as lower
levels of HBsAg after cessation (–0.2 6 1.3 vs 3.0 6 0.6 log10 (IU/
mL), P< 0.001) than the HBsAg-positive group.

Subgroup analysis stratified by NA treatment before the
cessation

Subgroup analysis stratified by different NA treatments showed
that sex, duration of NA treatment, time of the negative conver-
sion of HBV DNA, duration of negative HBV DNA maintenance,
and the ratio of NA retreatment during follow-up were signifi-
cantly different among the five subgroups (all P< 0.05; Table 2).
An approximately equal sex ratio was found in the LDT group,
whereas there were more males in the other four NA groups.
The ADV groups had the longest duration of NA treatment and
duration of negative HBV DNA maintenance, whereas the LDT
group had the shortest duration. The LAMþADV group and LAM
group had the longest and shortest time of negative conversion
of HBV DNA, respectively.

Clinical outcomes

Clinical outcomes of all patients are shown in Figure 2. Of the 55
patients who were HBsAg-positive after cessation, 12 became
non-relapse (type A) and 43 had virological relapse. In the 43
patients with virological relapse, 7 spontaneously became non-
relapse (type B), 10 maintained clinical relapse (type C), whereas
the other 26 had clinical relapse and received retreatment (type
D). Figure 3 demonstrates the changes in the levels of HBV DNA

Figure 2. The flowchart of management of relapse after cessation of NA therapy. NAs, nucleos(t)ide analogs; ALT, alanine transaminase; HBV, hepatitis B virus; ULN,

upper limit of normal; ETV, entecavir; LDT telbivudine; LAM, lamivudine; ADV, adefovir dipivoxil.
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(Figure 3A), HBsAg (Figure 3B), and ALT (Figure 3C) among these
four types of clinical outcomes.

Comparison of virological and clinical-relapse
cumulative rates stratified by HBeAg and HBsAg status

The 2-year cumulative rates of virological relapse of HBeAg-neg-
ative, HBeAg-positive, HBsAg-negative, HBsAg-positive, and all
patients were 70.0%, 50.0%, 0%, 76.4%, and 58.1%, respectively
(Figure 4A; log-rank test, P< 0.001). The 2-year cumulative clini-
cal-relapse rates of HBeAg-negative, HBeAg-positive, HBsAg-
negative, HBsAg-positive, and all patients were 26.7%, 22.7%,
0%, 32.7%, and 24.3%, respectively (Figure 4B; log-rank test,
P¼ 0.097).

Comparison of virological and clinical-relapse
cumulative rates stratified by NA treatment before the
cessation

The 2-year cumulative rates of virological relapse of patients
with ETA, LDT, LAM, ADV, and LAMþADV before cessation were
60.9%, 60.7%, 60.0%, 25.0%, and 70.0%, respectively (Figure 5A;
log-rank test, P¼ 0.260). The 2-year cumulative rates of clinical
relapse of patients with ETA, LDT, LAM, ADV, and LAMþADV be-
fore cessation were 17.4%, 25.0%, 20.0%, 12.5%, and 50.0%, re-
spectively (Figure 5B; log-rank test, P¼ 0.193).

Independent factors associated with virological and
clinical relapse

To investigate the risk factor associated with virological and
clinical relapse, logistic regression under the GEE model was
performed. Independent variables that were significant in uni-
variate results were included in the multivariate model.

As shown in Table 3, the significant factors associated with
virological relapse were duration of negative HBV DNA mainte-
nance (odds ratio [OR]¼ 0.71, 95% confidence interval [CI]¼
0.55–0.92; P¼ 0.010), EOT (end of treatment) HBsAg (OR¼ 1.97,
95% CI¼ 1.47–2.64; P< 0.001), and original status of HBeAg
(OR¼ 0.38, 95% CI¼ 0.18–0.77; P¼ 0.008). The longer duration of
the negative HBV DNA maintenance period was associated with
lower risk of virological relapse, whereas the higher EOT HBsAg
level was associated with higher risk of virological relapse. A
positive status of the original HBeAg was also a protective
factor.

Table 4 shows the results of clinical relapse. Since the only
significant variable in the univariate results was EOT HBsAg,
the marginally significant variable, duration of negative HBV

Figure 3. Time-dependent changes in the levels of HBV DNA (A), HBsAg (B), and

ALT (C) of four types of clinical outcomes. ALT, alanine transaminase; HBV, hep-

atitis B virus; HBsAg, hepatitis B surface antigen.

Figure 4. The cumulative relapse rates of HBeAg-negative, HBeAg-positive,

HBsAg-negative, HBsAg-positive, and all patients, including virological relapse

(A) and clinical relapse (B) HBeAg, hepatitis B virus e antigen; HBsAg, hepatitis B

surface antigen.
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DNA maintenance (P¼ 0.062), was also included in the multivar-
iate model as a controlled covariate. The only significant vari-
able in multivariate results was EOT HBsAg (OR¼ 1.48, 95%
CI¼ 1.11–1.97; P¼ 0.008). The higher EOT HBsAg level was asso-
ciated with a higher risk of clinical relapse.

Discussion

Our results showed that, among the 74 enrolled CHB patients af-
ter the cessation of NAs, 19 were HBsAg-negative without re-
lapse during the 96-week follow-up. The disappearance of
HBsAg is defined as a functional cure for CHB. Of the 55 patients
who were HBsAg-positive after cessation, 12 had no relapse dur-
ing the 96-week follow-up (type A); 7 with virological relapses
had non-virological relapse (type B); 10 maintained virological
relapse (type C, 18.2%); and 26 had clinical relapse undergoing
retreatment (type D). The 2-year cumulative virological and
clinical-relapse rates were 58.1% and 24.3%, respectively.

In this study, 55 HBsAg-positive patients after cessation
presented four different types of clinical outcomes during the
96-week follow-up. It has been found that eliminating viral anti-
gens is important for T-cell-mediated restoration of immune

function [18]. The use of NAs to reduce HBV viremia helps the
restoration of HBV-specific T-cell function [19]. After cessation
of NA treatment, different clinical outcomes might be attributed
to the different extent of impairment of HBV-specific T-cell
function. It is worth investigating the function of HBV-specific
T-cells among CHB patients with different clinical outcomes af-
ter NA cessation. Our results showed that no significant differ-
ence was found in the HBsAg level among the patients with
four types of clinical outcomes. These results indicated that the
HBsAg level cannot be a predictive factor for relapse, which is in
line with the findings reported by Seto et al. [20]. Among the 26
patients receiving NA retreatment (type D), 3 (11.5%) achieved
HBsAg seroconversion, whereas none of the other three types of
patients achieved HBsAg seroconversion during the 96-week
follow-up, implying that NA retreatment at the appropriate
time may have certain benefits.

Accumulating evidence from previous studies [14, 21, 22]
and systematic reviews [23, 24] has suggested that the EOT
HBsAg level is a predictive factor for relapse after cessation of
NA therapy. Liu et al. [24] conducted a systematic review (includ-
ing 11 studies with 1,716 patients) to explore the optimal cut-off
value of the EOT HBsAg level for the cessation of NA therapy
and found that an HBsAg level of <100 IU/mL at EOT could be a
marker for the cessation of NA therapy. The guidelines of sev-
eral liver-disease societies also recommend this notion [10–14].
Our results showed that the 19 cases who were negative for
HBsAg after the cessation of NA therapy did not have a relapse
during the 96-week follow-up. Moreover, logistic-regression
analysis showed that the EOT HBsAg level was an independent
factor for both virological and clinical relapses. As a down-
stream product of HBV cccDNA, HBsAg can reflect the level of
cccDNA [25]. Nevertheless, there are no current drugs to clear
HBsAg. Chevaliez et al. [26] have modeled long-term HBV DNA
and HBsAg-level kinetics to estimate the time to clear HBsAg
during NA therapy and found that the predicted median time to
HBsAg clearance was 52.2 years. Zoutendijk et al. [27] have
reported that the predicted median time to HBsAg loss was 36
and 39 years for HBeAg-positive and HBeAg-negative patients,
respectively. Therefore, HBsAg clearance is difficult to be
achieved by NA treatment.

We have previously reported the 48-week outcome of the
current trial [17]. Among the 74 patients included in this study,
51 had been included in our 48-week report [17]. Consistently
with this study, our 48-week outcome showed that the EOT
HBsAg level (OR¼ 2.21, 95% CI¼ 1.47–3.32; P< 0.001) and original
status of HBeAg (OR¼ 0.32, 95% CI¼ 0.14–0.74; P¼ 0.008) were
predictive factors for virological relapse [17]. Nevertheless, we
also observed some inconsistent findings between these two
studies. For example, age was a predictive factor for virological
relapse in the 48-week outcome but not in the 96-week out-
come. Given the shorter follow-up duration and smaller sample
size of the 48-week study, the data from the 96-week follow-up
should be more reliable.

There are still some limitations of this study. First, it should
be noted that HBsAg-level quantification is not accurate in the
lower range of HBsAg. In addition, the sample size of this study
is relatively small and the follow-up duration is short.
Nevertheless, our short-term outcomes still provide useful ref-
erence data for clinicians. Moreover, the mechanism underlying
different clinical outcomes after cessation of NA treatment
remains to be further elucidated.

In summary, our results suggested that four types of clinical
outcomes were observed in CHB patients after NA cessation.

Figure 5. The cumulative relapse rates of patients using ETA, LDT, LAM, ADV,

and LAMþADV before cessation, include ng virological relapse (A) and clinical

relapse (B) ETV, entecavir; LDT telbivudine; LAM, lamivudine; ADV, adefovir

dipivoxil.
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The EOT HBsAg level is an independent factor associated with
both virological and clinical relapse.
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Table 4. Independent variables associated with clinical relapse in GEE models

Univariate Multivariate

Parameter OR (95% CI) P OR (95% CI) P

Age, years 1.0 (1.0–1.1) 0.298
Sex
Male ref. –
Female 0.7 (0.3–1.9) 0.512
BMI, kg/cm2 1.0 (0.9–1.1) 0.751
NA treatment
ETA ref. –
LDT 1.5 (0.4–5.0) 0.548
LAM 0.8 (0.1–7.5) 0.868
ADV 0.6 (0.1–6.3) 0.701
LAMþADV 3.1 (0.9–11.2) 0.079
Duration of NA treatment, years 0.9 (0.7–1.1) 0.212
Time of the negative conversion of HBV DNA, years 1.0 (0.6–1.4) 0.795
Duration of negative HBV DNA maintenance, years 0.8 (0.6–1.0) 0.062 0.8 (0.6–1.0) 0.088
Duration of HBeAg seroconversion maintenance, years 0.9 (0.6–1.4) 0.540
EOT HBsAg, log10(IU/mL) 1.5 (1.1–2.0) 0.007 1.5 (1.1–2.0) 0.008
HBeAg (original status)
Negative ref. –
Positive 1.0 (0.4–2.4) 0.939

NA, nucleos(t)ide analogs; ETV, entecavir; LDT, telbivudine; LAM, lamivudine; ADV, adefovir dipivoxil; EOT, end of treatment.

Table 3. Independent variables associated with virological relapse in GEE models

Univariate Multivariate

Parameter OR (95% CI) P OR (95% CI) P

Age, years 1.0 (1.0–1.1) 0.096
Sex
Male ref. –
Female 0.7 (0.3–1.6) 0.446
BMI, kg/m2 1.0 (0.9–1.1) 0.735
NA treatment
ETA ref. –
LDT 1.5 (0.7–3.3) 0.344
LAM 1.2 (0.2–6.5) 0.837
ADV 0.3 (0.1–1.6) 0.156
LAMþADV 1.7 (0.6–4.8) 0.299
Duration of NA treatment, years 0.82 (0.7–1.0) 0.084
Time of the negative conversion of HBV DNA, years 0.9 (0.6–1.3) 0.582
Duration of negative HBV DNA maintenance, years 0.8 (0.6–1.0) 0.018 0.7 (0.6–1.0) 0.010
Duration of HBeAg seroconversion maintenance, years 1.0 (0.8–1.3) 0.872
EOT HBsAg, log10(IU/mL) 1.9 (1.5–2.5) <0.001 2.0 (1.5–2.6) <0.001
HBeAg (original status)
Negative ref. – ref. –
Positive 0.5 (0.2–0.9) 0.031 0.4 (0.2–0.8) 0.008

NA, nucleos(t)ide analogs; ETV, entecavir; LDT, telbivudine; LAM, lamivudine; ADV, adefovir dipivoxil; EOT, end of treatment.
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