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ABSTRACT
Objective: To investigate the virological relapse (VR) rate and prognostic value of the HBsAg level at treatment completion for
predicting sustained off-treatment response in HBeAg-negative patients after neucleos(t)ide analog (NA) therapy.
Study Design: Prospective observational cohort study.
Place and Duration of Study: The Second Hospital of Shandong University, Ji’nan, China, between December 2001 and
January 2020.
Methodology: Eighty-one HBeAg-negative chronic hepatitis B patients who stopped NA treatment were included. Factors asso-
ciated with the VR were identified using univariate and multivariate Cox regression models.
Results: Of the 81 patients,  42 had sustained off-treatment response with a median follow-up of  60.0 months (interquartile
range [IQR] 33.0–111.0 months). Thirty-nine patients relapsed and 32 relapsed within the first year. The cumulative VR rates
were 34.6%, 41.0%, 42.5%, 48.1%, and 55.8% at 1, 2, 3, 5, and 10 years off-therapy, respectively. For patients with end-of-
treatment (EOT) HBsAg <250 IU/mL, the 10-year cumulative VR rate was 26.0%. Time to HBV DNA negativity (median, 2
months [IQR 1.0–3.0 months]) and age at EOT were also independent predictors of sustained off-treatment response.
Conclusion: Discontinuing long-term NA treatment is a feasible option for HBeAg-negative chronic hepatitis B patients whose
HBsAg levels are low, and HBsAg <250 IU/mL may be an acceptable cut-off value. Younger age at EOT and shorter time to HBV
DNA negativity are also independent factors associated with sustained off-treatment response.
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INTRODUCTION

Nucleos  (t)ide  analogs  (NAs)  were  originally  developed  to
block  HBV  DNA  polymerase  enzyme  reverse  transcriptase
activity,  and  they  rapidly  inhibit  the  replication  of  HBV.1-3

Furthermore, NAs minimize liver inflammation, significantly
reducing  liver  carcinogenesis  in  chronic  hepatitis  B  (CHB)
patients.1-3 As NAs cannot directly reduce covalently closed
circular DNA (cccDNA) levels, which are the reservoir of HBV
proliferation,4,5 virological relapse (VR) is common after NA of-
therapy, especially in HBeAg-negative patients.1-3,6 Therefore,
the timing of cessation of NAs remains controversial.
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cccDNA  levels  reflect  HBV  replication  activity  in  liver  cells,
where low levels of cccDNA in liver cells at end of treatment
(EOT)  can  predict  sustained  viral  inhibition.4  However,  as
cccDNA in liver cells can only be evaluated via liver biopsy, and
there  is  no  standardized  detection  method,  cccDNA  level
measurement is limited in clinical practice. Although several
promising new biomarkers (e.g., HBV RNA and hepatitis B core-
related  antigen)  have  been  evaluated  for  the  off-treatment
response to NAs in CHB patients, controversy remains and the
detection methods have not been popularised on a large scale.
The specific situation of patients is difficult to evaluate with a
single indicator.7-9

The quantitative serum HBsAg level is demonstrably associated
with host immune control of HBV and the intrahepatic level of
cccDNA.10 Therefore, the definition of functional cure, which is
characterised by sustained loss of HBsAg, has been recognised
as the ideal treatment endpoint at the current stage.11,12

HBsAg may be expressed from cccDNA and the integrated HBV
DNA sequences in the hepatocytes genome; reduction in the
level of HBsAg or seroconversion is rare, which is difficult to
achieve.13 Studies have shown that lower quantitative serum
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HBsAg levels at cessation are associated with a lower cumula-
tive VR rate.6,11 A low quantitative serum HBsAg level at EOT
seems to be a useful surrogate endpoint for sustained off-treat-
ment  response  and  has  been  examined  in  several  studies.
Nevertheless, the quantitative values are still debatable.6,14

The authors set to evaluate a prospective, observational cohort
involving CHB patients with NA of-therapy according to strin-
gent criteria at our medical centre in 2001. With the advantage
of long-term follow-up, the present study aimed to investigate
the VR and prognostic value of the HBsAg levels at treatment
completion for predicting sustained off-treatment response in
HBeAg-negative patients after NA therapy.

METHODOLOGY

This prospective observational cohort included CHB patients
who  were  administered  NA  treatment  (lamivudine,  adefovir
dipivoxil, telbivudine, and entecavir) and stopped NA treatment
according  to  stringent  cessation  criteria.  Patients  were
recruited  from  December  2001  to  January  2020  from  the
Second  Hospital  of  Shandong  University.  This  study  was
approved by the ethical committee of the hospital. All patients
signed  written  informed  consent  forms.  All  procedures
complied with the tenets of the Declaration of Helsinki.

The indication criteria for NA treatment and cessation criteria
have been described in the author’s previous study.15 Briefly,
the criteria  for  administration of  NA treatment were:  serum
HBsAg positive ≥6 months, ALT levels >1.5 times of the ULN (40
IU/L), and HBV DNA loads ≥104copies/mL for HBeAg-negative
patients.  When  NAs  were  discontinued,  patients  were
prescribed no less than 18 months of additional consolidation
treatment after HBV DNA could not be detected and ALT normali-
sation plus no less than 24 months of NA treatment.15

The present  study started when NA treatment  was  discont-
inued. Patients were excluded when NA resistance appeared
and/or complications associated with liver cirrhosis (including
ascites, jaundice, variceal bleeding, hepatic encephalopathy,
or portal hypertension) occurred. Pretreatment characteristics
were recorded retrospectively. Patients with inadequate HBsAg
data at EOT were also excluded.

One hundred and five HBeAg-negative CHB patients discont-
inued NAs at the medical centre. Twenty-four patients were
excluded because of a non-available HBsAg value. Finally, the
data of 81 patients were included in the analysis. Forty-two
patients  maintained  sustained  off-treatment  response,  of
whom 23 were followed up for no less than 5 years. Thirty-nine
patients experienced VR. The authors analysed the off-treat-
ment response in pre-protocol populations.

During  the  first  4  months  after  cessation  of  treatment,  all
patients were followed up monthly. Subsequently, they were
followed up every 3 months for the first year and every 6 months
thereafter. Patients were clinically evaluated at each visit, while
liver  biochemistry,  serum HBV DNA quantification,  and HBV
serologies  (mainly  HBsAg  and  anti-HBsAb)  were  tested

routinely. VR was the endpoint of this study, defined as serum
HBV DNA loads ≥104 copies/mL after NA discontinuation with an
additional visit 2 weeks later for confirmation.

HBsAg quantification was tested with the i2000 Chemical Lumi-
nescent  Immunoassay  (Abbott,  Abbott  Park,  IL,  USA)  and
Abbott  reagents  (0.05–250  IU/mL).  Before  2010,  when  the
HBsAg value was >250 IU/mL, the sample was not diluted, and
the value was recorded as >250 IU/mL. And the value ≤250
had the exact quantification. After 2010, a special diluent was
used to dilute the sample by 100 to 1000 times when HBsAg
was  >250  IU/mL,  and  more  precise  HBsAg  quantifications
were  obtained.  In  accordance  with  the  results  of  previous
studies,6 and the diagnostic range of quantitative tests, 100
and 250 IU/mL were set as the cut-off values of HBsAg at EOT.

The  Kolmogorov–Smirnov  test  was  used  to  examine  the
normality  of  continuous  variables.  Continuous  data  were
presented  as  mean  ±  standard  deviation  and  median
(interquartile range; IQR). Categorical data are expressed as
numbers and percentages. The difference in means was tested
with the two-sample t-test or Mann–Whitney U test, as appro-
priate. Categorical data were tested with the chi-squared test
or Fisher’s exact test. Cox regression models were used to test
factors associated with VR. When the p-value of a variable was
lower than 0.1 in the univariate analyses, the variable was
entered into the multivariate analyses. A p-value <0.05 was
considered  statistically  significant.  All  statistical  analyses
were performed with IBM SPSS software, version 22.0 (IBM
Corp., Armonk, NY, USA).

Receiver operating characteristic (ROC) curves were used to
describe the diagnostic performance of several markers and
combinative indicators. The above analyses were performed
using MedCalc software, version 12.7.0.0 (MedCalc Software
bvba, Ostend, Belgium).

RESULTS

The average age of patients at cessation of treatment in the
total population was 36.8±12.2 years and most participants
were male (62 patients, 76.5%). The median total treatment
time was 40.0 months (IQR 26.5–61.5 months). The median ALT
baseline level was 157.0 U/L (IQR 100.0–273.5 U/L), and the
median HBV DNA load was 6.18 log 10 copies/mL (IQR 5.10–7.00
log 10 copies/mL) (Table I). All patients were initially adminis-
tered NA monotherapy, including 48 (48/81, 59.3%) patients
with lamivudine, 22 (22/81, 27.2%) with adefovir dipivoxil, two
(2/81, 2.5%) with telbivudine, and nine (9/81, 11.1%) with ente-
cavir. No other NAs were added throughout the treatment.

For patients with sustained off-treatment response, the median
follow-up time was 60.0 months (IQR 33.0–111.0 months). Thir-
ty-nine  (48.1%)  patients  relapsed.  Twenty-three  of  the  39
patients (59.0%) relapsed within the first 6 months after cessa-
tion,  while  32  patients  (82.1%)  relapsed  within  1  year  off-
therapy. Two patients relapsed more than 5 years after the
cessation of therapy (88 and 91 months, respectively).
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Table I: Enrolled patients’ clinical characteristics.
 Total Relapse

group (n = 39)
Non-relapse
group (n = 42)

p-value*

Age at EOT (years) 36.8±12.2 41.5±10.7 32.5±11.9 0.001
Male/Female (n, %) 62 (76.5%) / 19 (23.5%) 30 (76.9%) / 9 (23.1%) 32 (76.2%) / 10 (23.8%) 0.938
Pretreatment HBV DNA (log 10 copies/mL)# 6.07±1.16 6.18±1.12 5.97±1.20 0.438
Total treatment duration (months)# 40.0 (26.5–61.5) 36.0 (29.0–51.0) 49.0 (24.0–67.8) 0.262
Pretreatment ALT# 157 (100–274) 188 (117–321) 143 (93–237) 0.176
Pretreatment AST# 85 (56–144) 97 (60–141) 71 (54–155) 0.392
HBV DNA negativity last time (months)# 37.0 (24.0–59.5) 35 (27–48) 46 (23–67) 0.371
Time to HBV DNA negativity (months)# 2.0 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.152
HBsAg at cessation less than 100 IU/mL (n, %) 21 (25.9%) 4 (10.3%) 17 (40.5%) 0.002
HBsAg at cessation less than 250 IU/mL (n, %) 32 (39.5%) 8 (20.5%) 24 (57.1%) 0.001
# Median (IQR); * t-test, Mann–Whitney U test or chi-squared test. IQR, interquartile range. HBV DNA negativity last time (months) refers to the time from
HBV DNA negativity after antiviral treatment to VR after NA cessation. Time to HBV DNA negativity refers to the time from initiation of antiviral treatment to
HBV DNA negativity.

Table II: Factors associated with VR.
 Univariate Multivariate

HR 95%CI p-values HR 95%CI p-values
Age at EOT 1.050 1.021–1.080 0.001 1.069 1.038–1.100 <0.001
Male/Female 1.045 0.496–2.202 0.908    
Pretreatment ALT 1.000 0.998–1.002 0.969    
Pretreatment AST 0.999 0.996–1.002 0.465    
Total treatment duration 0.996 0.985–1.007 0.474    
HBV DNA negativity last time 0.995 0.984–1.007 0.410    
Time to HBV DNA negativity 1.209 1.021–1.432 0.028 1.221 1.048–1.423 0.010
HBsAg at EOT (≥250 IU/ml vs. <250 IU/ml) 2.898 1.331–6.312 0.007 4.016 1.821–8.858 0.001
Pretreatment HBV DNA (log 10 copies/ml) 1.068 0.811–1.406 0.639    

The cumulative VR rates were 34.6%, 41.0%, 42.5%, 48.1%,
and 55.8% at 1, 2, 3, 5, and 10 years of-therapy, respectively.
Compared with the patients who did not relapse, the patients
who  relapsed  were  significantly  older  (32.5±11.9  years  vs.
41.5±10.7 years, p=0.001). Moreover, the non-relapse group
with sustained off-treatment response had a higher percentage
of HBsAg values <100 (40.5% vs. 10.3%, p=0.002) and 250
(57.1% vs. 20.5%, p=0.001) IU/mL at EOT (Table I).

Cox  regression  analyses  were  performed  to  explore  factors
related to VR. Finally, the quantitative serum HBsAg level at
EOT (≥250 IU/ml  vs.  <250 IU/ml)  (hazard  ratio  (HR)  4.016,
p=0.001), age at EOT (HR 1.069, p<0.001), and time to HBV
DNA negativity (HR 1.221, p=0.010) were identified as indepen-
dent predictors for VR (Table II).

Similarly, the quantitative serum HBsAg level at EOT (≥100
IU/mL  vs.  <100  IU/mL)  was  also  identified  as  a  predictor  for
cessation of NAs in both the univariate (HR 3.156, p=0.030)
and multivariate (HR 4.739, p=0.004) Cox regression analyses.

At EOT, a quantitative serum HBsAg  level <250 IU/mL was
observed  in  32  (39.5%)  patients.  Twenty-four  of  the  32
patients had SVR of-therapy, while eight patients relapsed. Of
the eight relapsed patients, six (75%) had VR within the first 6
months off-therapy.

At EOT, a quantitative serum HBsAg level <100 IU/mL was
observed in 21 (25.9%) patients. Four patients had VR within 6
months after NA discontinuation.

The authors also compared the cumulative VR rates between
patients  with  quantitative  serum  HBsAg  levels  <100  and
100–250  IU/mL  at  EOT.  The  log-rank  test  revealed  no  differ-
ence between the groups (p=0.380, Figure 1).

Figure 1: Cumulative VR rates of patients with HBsAg <100 IU/mL at
cessation and HBsAg 100–250 IU/mL at cessation.

Figure 2: Cumulative VR rate of patients with HBsAg <250 IU/mL at
cessation and with HBsAg ≥250 IU/mL at cessation.
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Figure 3: AUROC curves describing the diagnostic performance of
HBsAg, age, and combinative index (HBsAg and age) for 5-year VR in
HBeAg-negative CHB patients.

The cumulative VR rates in patients with quantitative serum
HBsAg levels  <250 IU/mL at EOT and quantitative serum
HBsAg levels ≥250 IU/mL at EOT were also compared. The
cumulative VR rates in the groups were 18.7% and 44.9% at
1 year, 26.0% and 51.0% at 2 years, 26.0% and 60.6% at 5
years, and 26.0% and 70.0% at 10 years off-therapy, respec-
tively. The long-rank test revealed significantly lower cumula-
tive VR rates in patients with a serum quantitative HBsAg
level <250 IU/mL at EOT (p=0.004) (Figure 2).

Sixty-two  patients  (39  relapsed  patients  and  23  patients
non-relapsed) were followed up for at least 5 years. When
considering the 5-year cumulative VR rate as an observa-
tional endpoint, an area under the ROC curve (AUROC) of
0.592 was obtained for an HBsAg value <250 IU/mL at EOT.
An AUROC of 0.723 was obtained for age at cessation. For
the  combinative  diagnostic  value  of  HBsAg  and  age,  an
AUROC of 0.794 was obtained (Figure 3).

Twenty patients whose quantitative serum HBsAg level at
EOT was <250 IU/mL were ≤40 years old and observed 5-
year and 10-year cumulative VR rates as low as 15.0%.

DISCUSSION

This study investigated the prognostic value of the quantita-
tive  serum  HBsAg  level  at  EOT  in  HBeAg-negative  CHB
patients with NA therapy discontinuation for predicting the
sustained  off-treatment  response.  An  HBsAg  value  <250
IU/mL  at  EOT  independently  predicted  sustained  off-treat-
ment response. Relatively low cumulative VR rates at year
10 (26.0%) were observed in HBeAg-negative CHB patients
with HBsAg at EOT <250 IU/mL. Time to HBV DNA negativity
and age were also identified as independent predictors.

Patients with a lower HBsAg level at EOT have lower VR
rates and higher HBsAg clearance rates;6,16,17  however, the
quantitative cut-off values remain debatable. According to a
recent meta-analysis, a quantitative serum HBsAg level at
EOT <100 IU/mL is a predictable biomarker of sustained off-
treatment response,6 and this level was also proven to be a

predictable biomarker of sustained off-treatment response in
this  cohort.  However,  the  present  study  also  confirmed the
prognostic value of a quantitative serum HBsAg level at EOT
<250 IU/mL for  sustained off-treatment response,  while the
cumulative VR rates between HBeAg-negative CHB patients
with HBsAg at EOT <100 IU/mL and 100–250 IU/mL did not
differ  significantly.  Obviously,  the  latter  cut-off  is  easier  to
realise in clinical practice. A cumulative VR rate of 26.0% at
year 10 revealed acceptable clinical outcomes for HBeAg-
negative  CHB  patients  with  NA  cessation.  Moreover,  the
present study, with the major advantage of a long follow-up
period,  also  considered  several  potential  confounding
factors, such as time to HBV DNA negativity and age, in the
multivariate Cox regression analyses. Therefore, the above
cut-off value is  feasible,  especially in Asian HBeAg-negative
CHB patients.

CHB functional cure, which is characterised by sustained loss
of  HBsAg,  has  been  recognised  as  the  ideal  treatment
endpoint  and has attracted much focus.11,12  Other  studies
have shown that discontinuing NA therapy can be followed
by HBsAg clearance, and the rates are higher with longer
follow-ups.18,19 In the present study, several patients without
HBsAg loss also achieved functional cure after NA treatment
discontinuation,  which  was  consistent  with  previous
findings.17,18,20

For patients who relapsed after NA cessation, regular follow-
up and timely treatment guaranteed relatively acceptable
outcomes. The relapse time for patients with HBsAg at EOT
<250  IU/mL  and  ≥250  IU/mL  was  median  2.5  months
[IQR2-10 months] and median 6 months [IQR 2–10 months],
respectively. Most patients in this study relapsed within the
first  year  after  NA  discontinuation,  predominantly  within  6
months, which indicated the importance of closer follow-up
in the initial stage after cessation.

Time to HBV DNA negativity and age at EOT were also iden-
tified as  independent  predictors  of  VR in  the current  study.
The combination of these indicators and HBsAg at EOT might
lead to lower cumulative VR rates. Because of the relatively
approximate detection method for HBV DNA (lower limit of
quantitation 1 × 103 copies/mL), the current study only evalu-
ated the combinative predictive value of age and HBsAg. A
10-year  cumulative  VR  rate  of  15.0%  was  observed  in
HBeAg-negative  CHB  patients  with  a  quantitative  serum
HBsAg level at EOT <250 IU/mL and an age less than or
equal to 40 years at cessation, revealing better outcomes
than those previously reported.17,21 The above-mentioned low
cumulative VR rate was similar to that reported for patients
with HBV RNA undetectability and quantitative serum HBsAg
level at EOT HBsAg <10 IU/mL (48 weeks, 9.1%) in a recent
cohort.14  The AUROC of 0.794 revealed a moderate diag-
nostic value of the combinative indicators (age and quantita-
tive serum HBsAg level at EOT <250 IU/mL) for the 5-year
cumulative VR rate.
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Some limitations of this study should be emphasised. First,
the usage of low-genetic barrier NAs was a major limitation,
which was owing to early usage and cessation of NAs in the
prospective cohort.  However,  this feature enabled longer-
term follow-up. More than 75% of the included patients were
followed up for at least 5 years, which reinforces the rele-
vance of the present conclusions. The present cohort also
excluded patients with NA resistance, which minimised the
interference  effect  of  low-genetic  barrier  NAs.  The  applica-
tion  of  high-genetic  barrier  NAs  is  at  least  as  effective  as
that reported in current research.22,23 However, the generali-
sation of the current findings is limited. Second, as this was
a long-duration observational study, a considerable propor-
tion of EOT blood samples could not be obtained; therefore,
some patients  without  sufficient  data were excluded,  which
might have resulted in a bias. Third, because the AUROC for
the combinative index was only moderate, the authors did
not develop a predictive model for off-treatment response.

CONCLUSION

Discontinuing NAs after  long-term treatment  should be a
feasible option for HBeAg-negative CHB patients who have
low HBsAg levels,  and a  quantitative  serum HBsAg level
<250  IU/mL  may  be  an  acceptable  cut-off  value.  Younger
age at EOT and shorter time to HBV DNA negativity are also
important  factors  associated  with  sustained  off-treatment
response.  Regular  monitoring,  especially  within  the  first
year,  is  necessary  after  NA  discontinuation.
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