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Consolidation period of 1
8 months no better
at promoting off-treatment durability in
HBeAg-positive chronic hepatitis B patients
with tenofovir disoproxil fumarate treatment
than a 12-month period
A prospective randomized cohort study
Chun-Hsiang Wang, MDa,∗, Kuo-Kuan Chang, MDa, Ruey-Chang Lin, MDa, Ming-Jeng Kuo, MDa,
Chi-Chieh Yang, MDb, Yuan-Tsung Tseng, MSc

Abstract
There has been no clear consensus on the optimal consolidation periods following HBeAg seroconversion (SC) in HBeAg-positive
chronic hepatitis B (CHB) patients. Our study aimed to prospectively compare relapse rates between 12 months’ and 18 months’
consolidation periods to see whether or not there is beneficial durability of tenofovir disoproxil fumarate (TDF) therapy with longer
consolidation periods.
We enrolled a total of 137 HBeAg-positive Asian CHB patients treated with TDF monotherapy. Forty-six patients achieved HBeAg

SC. Then, they were randomly assigned to consolidation period of either 12 months (group A) or 18 months (group B). After stopping
TDF therapy, all patients were followed up for 12 months.
Thirteen patients (56.5%) relapsed in group A and 12 patients (52.2%) relapsed in group B after 12 months’ follow-up (P= .958).

Pretreatment HBsAg level is the only significant predictor for off-therapy recurrence by univariate analysis (P= .024). Baseline HBeAg
>1000S/CO in group B patients were significantly less likely to relapse than those of group A (P= .046). Baseline alanine
aminotransferase (ALT)>133U/L could significantly predict occurrence of HBeAg SC (P= .008; 95% CI: 0.545–0.763; AUC: 0.654).
Overall, a prolonged consolidation period has no positive effect on TDF therapy on sustained viral suppression in HBeAg-positive

Asian CHB patients. However, a prolonged consolidation period was beneficial to patients with high baseline semi-quantitative
HBeAg levels in terms of off-treatment durability. Baseline ALT>133U/L could significantly predict the occurrence of HBeAg SC.

Abbreviations: ALT = alanine aminotransferase, CHB = chronic hepatitis B, CI = confidence interval, HBeAb = anti-hepatitis B e,
HBeAg = HBe antigen, HBsAg = hepatitis B surface antigen, HBV = hepatitis B virus, OR = odds ratio, ROC = receiver operating
characteristic, SC = seroconversion, STROBE = the Strengthening the Reporting of Observational Studies in Epidemiology, TDF =
tenofovir disoproxil fumarate.
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1. Introduction

A recent study reported that 240 million individuals are
chronically infected with hepatitis B virus (HBV). Chronic
HBV infection is a major cause of chronic hepatitis B (CHB),
cirrhosis, and hepatocellular carcinoma.[1] The definition of CHB
infection is persistent HBV infection accompanied by the
presence of hepatitis B surface antigen (HBsAg) in the serum
of patients lasting >6 months.[2] It is reasonable to assume that
most patients with CHB infection were infected in early
infancy.[2–4]

The presently available antiviral medications include interfer-
on (interferon-a and pegylated interferon-a) and nucleoside or
nucleotide analogues (NAs; entecavir, adefovir dipivoxil,
telbivudine, tenofovir disoproxil fumarate [TDF], and lamivu-
dine). Guidelines established by the European Association for the
Study of the Liver, Asian Pacific Association for the Study of the
Liver, and American Association for the Study of Liver Disease
for the treatment of CHB advocate that a satisfactory endpoint is
a sustained off-therapy virological response with sustained anti-
hepatitis B e (HBeAb) seroconversion (SC) in HBe antigen
(HBeAg)-positive patients. After achieving this endpoint, these
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guidelines recommend continuous consolidation therapy for 6 to
12 months before discontinuing NAs. It is clinically informative
that the duration of consolidation therapy is linked to the relapse
rates in HBeAg-positive CHB patients who have achieved HBeAg
SC.[4,5]

Generally speaking, HBeAg positivity correlates with a high
level of HBV DNA.[6,7] Data suggest that extending treatment
with NAs following SC, i.e., consolidation therapy for an
additional period, increases durability.[8,9] However, the poten-
tial additional benefits of continuous TDF therapy to sustained
viral suppression have not been thoroughly studied. This
prospective study investigated the efficacy of prolonged TDF
monotherapy in treatment-naïve CHB patients to determine
whether continuous TDF therapy offers better viral suppression
after HBeAg SC.
2. Patients and methods

2.1. Patients and treatment

From 2013 to 2018, we conducted a prospective multi-center,
single-arm, and open-label study, which included a total of 137
HBeAg-positive patients (male: 84, female: 53; mean age: 48.6±
11.8 years) treated with TDF monotherapy (dose: 300mg/day).
All patients enrolled in this study met the following inclusion
criteria: age 20 to 75 years; positivity for serum HBsAg for ≥6
months; elevated levels (greater than the upper limit of normal) of
serum alanine aminotransferase (ALT) on two occasions ≥3
months apart; HBV DNA (>20,000IU/mL) for more than 6
months; detection of HBeAg; cirrhosis or significant liver fibrosis
detected via fibrosis-4 index and imaging technique tests in
patients with ALT<2 ULN. The exclusion criteria were patients
who had coinfection with hepatitis A, C, D, or E viruses or
human immunodeficiency virus; co-existing liver disease, such as
Wilson’s disease, autoimmune hepatitis, primary biliary cirrho-
sis, hepatocellular carcinoma; undergone treatment with other
antiviral drugs within 6 months.
2.2. Study protocols

Eleven patients were excluded due to having switched to another
treatment protocol. Four patients were excluded due to poor
medication adherence.Nine patients were excluded due to loss to
follow-up. Finally, three patients were excluded due to death
caused by comorbidities or other systemic diseases.
The remaining 110 patients completed the study and

subsequent follow-up. Because, we used a randomization
approach in our study, the randomization sequence was
developed using Excel 2007 with a 1:1 allocation by an
independent researcher. Accordingly, the patients were randomly
assigned to an extended consolidation period of 12 months
(group A) or 18 months (group B) following HBeAg SC plus
undetectable HBV-DNA in the serum. Antiviral therapy was
discontinued after HBeAg SC and HBV DNA negativity,
followed by consolidation therapy for 12 months or 18 months.
After discontinuation of TDF therapy, all patients were followed
up for 12 months.
The study endpoint was serologic and virologic recurrence

after discontinuation of antiviral treatment. Serologic recurrence
was defined as a reappearance of HBeAg positivity after HBeAg
SC. Virologic recurrence was defined as an increase in the level of
HBV–DNA. The protocol of this study was in compliance with
2

the tenets of the Declaration of Helsinki and approved by the
ethics committees of all participating hospitals. All patients
provided written informed consent prior to initiating treatment.
The present study was in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement. An identification code (NCT01732354) was provided
by the ClinicalTrials.gov Protocol Registration and Results
System.
2.3. Sample size calculation

We use G
∗
power software[10] to perform sample size estimation

as follows:

Exact—proportions: inequality, two independent groups (Fisher’s exact test)
Options: Exact distribution
Analysis: A priori: Compute the required sample size
Input: Tail(s) = Two

Proportion p1 = 0.10
Proportion p2 = 0.30
a err prob = 0.05
Power (1�b err prob) = 0.8
Allocation ratio N2/N1 = 1

Output: Sample size group 1 = 69
Sample size group 2 = 69
Total sample size = 138
Actual power = 0.8072678
Actual a = 0.0334242
A total of a sample size of 138 was obtained. One subject
decided to withdraw from present research prior to the beginning
of the study due to personal reasons. As such, 137 eligible
subjects were enrolled.
2.4. Statistical analysis

All data are expressed as means, where appropriate. The level of
HBV DNA was logarithmically transformed for analysis. The
Student’s t test was used for between-group comparisons of
continuous variables.
Multivariate analyses were performed using logistic regression

to identify factors associated with virologic relapse or HBeAg
reconversion after discontinuing TDF monotherapy. The odds
ratio (OR) and 95% confidence interval (CI) were calculated to
assess the relative risk confidence.
Independent risk factors predicting the achievement of

HBeAg SC were analyzed using Cox proportional hazards
regression models. The cumulative recurrence rates of viral
recurrence, after HBeAg SC, were estimated using the Kaplan–
Meier method. All statistical analyses were performed using the
Statistical Package for Social Science (SPSS Inc, Chicago, IL)
version 18.0. A P-value of <.05 was considered to be statistically
significant.
3. Results

3.1. Baseline characteristics

After excluding 27 patients, a total of 137 patients with CHB
were recruited into the study. Of those, 110 patients completed
the study, and were followed up for 1 year after discontinuation
of TDF treatment (Fig. 1).
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The mean baseline serum data showed the following: AST
level, 157.8±199.9 IU/L (range: 27–1107); ALT level, 276.1±
302.3 (range: 30–1344) IU/L; HBsAg level, 1,337,231±
12,422,695IU/mL (range: 6.1–117,879,160); HBeAg level:
12,805.2±141,510.6S/CO (range: 1.1–1,650,940), and HBV
DNA level, 7.3±1.2 (range: 3.2–9.1) log10copies/mL. The mean
duration of treatment with TDF was 28.7±11.8 (range: 14–53)
months. The mean duration of HBeAg SC was 16.7±11.5
months after the initiation of treatment with TDF. The mean time
from HBeAg loss to HBeAg SC was 2.4±1.5 months. The mean
time from HBeAg SC to relapse was 22.7±10 months.
A total of 46 HBeAg SC patients were randomly assigned to

group A (n=23) and group B (n=23) for 12- and 18-month
consolidation therapy, respectively. Table 1 shows the compara-
tive analysis of pre-treatment factors between patients with
HBeAg SC in groups A and B. The two groups did not show
differences in baseline characteristics.
3.2. Efficacy

At the 12-month follow-up, 13 (56.5%) and 12 (52.2%) patients
relapsed in group A and group B, respectively. The Kaplan–Meier
method did not reveal a difference in the relapse rates between
group A and group B (P= .958) (Fig. 2). Among the patients who
relapsed, HBeAg seroreversion occurred in 13 of the 46 anti-HBe
positive patients (28.3%).

3.3. Factors associated with responses

According to the univariate analysis, the pre-treatment level of
HBsAg was the only significant predictor for off-therapy
recurrence (P= .024). However, the multivariate analysis
demonstrated that none of the pre-treatment factors could
predict off-therapy recurrence (Table 2). Furthermore, the
magnitude of serum HBsAg levels reduction from baseline did
not differ significantly at 12 months post-treatment between
relapsers and non-relapsers using the Mann–Whitney test
(P= .924).
3.4. Predictive role of HBeAg

Based on the dynamics of change in the semi-quantitative levels of
HBeAg, patients who exhibited an HBeAg decline <25% from
baseline after 6months of treatment showed a significantly higher
relapse rate compared with those who showed a decline ≥25%
(P< .001). We further separated the levels of HBeAg into a
sequence of graded status in groups A and B. The patients with
baseline HBeAg level >1000S/CO in group B had a significantly
lower risk of relapse than those in group A (P= .046).
3.5. Predictive role of ALT

Patients with a decline in the level of ALT ≥90% from baseline to
6 months of treatment had a lower risk of relapse than those with
a decline <90%. Based on receiver operating characteristic
(ROC) analysis (Fig. 3), a baseline level of ALT >133U/L could
significantly predict the occurrence of HBeAg SC (P= .008; 95%
CI: 0.545–0.763; area under the curve: 0.654) with a positive
predictive value of 0.51 (95% CI: 0.38–0.64) and negative
predictive value of 0.77 (95% CI: 0.64–0.87). None of the
patients experienced decompensation after relapse.
3

4. Discussion

Many published results from predominantly Caucasian CHB
cohorts have demonstrated that there have been reports of the
persistence of HBeAg SC in 80% to 90% of patients, whereas in
Asian studies relapse rates as high as 68% have been
reported.[11,12] Generally speaking, in Asian patients, it is
difficult to achieve HBeAg SC through treatment with NAs,
and SC is less durable even with extensive (1 year) consolidation
therapy.[13–18] Despite the recommendations from current
guidelines for consolidation periods of 6 to 12 months after
HBeAg SC,[1,19,20] virologic or serologic relapse remains
unavoidable.
To the best of our knowledge, thus far, no prospective

longitudinal study has directly compared two different consoli-
dation periods of TDF monotherapy in terms of off-treatment
durability. In our study, 56.5% and 52.2% of patients who
received consolidation therapy for 12 and 18 months, respec-
tively, relapsedwithin 1 year of follow-up. Given these data, there
was no statistically significant difference between the two
consolidation periods, indicating that longer consolidation
therapy with TDF did not exert obvious beneficial effects on
off-treatment durability. However, it may be argued that
prolonged consolidation or follow-up periods maybe not being
long enough to detect significant differences between the two
groups. Recently published results showed that most relapses
occurred within the first year after discontinuing antiviral
therapy.[15,17] Therefore, it is evident that the first year after
discontinuation of antiviral therapy is an important period
during which the vast majority of off-treatment virologic relapses
occur. Thus, follow-up for 1 year after discontinuation of
treatment with TDF is appropriate to determine the durability of
TDF.
Studies have shown that the best treatment endpoint for CHB is

HBsAg SC[1,19]; however, it is only achieved in a small proportion
of patients. Therefore, long-term treatment with NAs is
inevitable.[21] However, this type of treatment is limited by
safety concerns and unsatisfactory patient compliance. Another
issue of great concern is that long-term NAs therapy is associated
with a financial burden in many Asian counties where the costs of
anti-viral treatment are not entirely reimbursed.[22]

Given the aforementioned reasons, several investigators have
been attempting to identify useful predictors, which could define
the optimal time point for discontinuation of treatment with NAs
offering satisfactory off-therapy durability.[23–25]

Therefore, in this study, we highlighted this critical issue in
HBeAg-positive patients and aimed to clarify uncertainty:
what is the optimal duration of a consolidation period for
treatment with TDF? Despite the availability of numerous
retrospective studies,[25–27] thus far, no prospective studies have
been conducted.
Current guidelines recommend that treatment with NAs in

HBeAg-positive patients may be discontinued after the emergence
of HBeAg SC and 6 to 12 months of consolidation therapy.[28]

Although prolonged therapy with NAs may reduce the rate of
relapse,[15,17,29] there is limited information regarding the long-
term outcomes in terms of cost-effectiveness. Identification of
patients with high-risk of relapse (i.e., those who require longer
consolidation therapy after cessation of treatment with NAs) is
mandatory for determining the optimal anti-HBV therapeutic
strategy. This strategy is greatly dependent on many pre-
treatment and on-treatment serological and virological factors,

http://www.md-journal.com


Figure 1. Flowchart showing enrollment, randomization, and follow-up of study participants.
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Table 1

Comparative analysis of pretreatment factors between groups A and B in patients with HBeAg SC.

Group A(N=23) Group B(N=23)

Mean Std. deviation Mean Std. deviation P

Age (years old) 44.6 10.1 50.0 10.9 .088
AST (U/L) 213.7 267.4 204.9 248.4 .886
ALT (U/L) 358.1 348.9 357.5 367.8 .991
eGFR (mL/min) 84.8 12.0 82.0 16.2 .555
HBeAg (S/CO) 340.0 554.3 72207.4 344152.0 .546
HBsAg (IU/mL) 9637.8 22633.1 15715.3 34807.9 .895
HBV log10 (IU/mL) 7.83 8.01 7.89 8.12 .956
FIB-4 2.25 1.99 2.78 4.19 .585

ALT= alanine aminotransferase, AST= aspartate aminotransferase, eGFR=estimated glomerular filtration rate, FIB-4= fibrosis-4 index: age (years) � AST [U/L]/(platelets [109/L] � (ALT [U/L])1/2), HBeAg=
anti-hepatitis B e antibody, HBsAg=hepatitis B surface antigen, HBV=hepatitis B virus, SC= seroconversion.

Figure 2. Cumulative recurrence rates were compared between groups A and
B by the Kaplan–Meier method. Logrank test showed no significant difference
between the two groups (P= .958).
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such as age, genotype, serum liver function tests, HBV viral loads,
HBsAg levels, and duration of consolidation therapy.[30–32] In
our study, the magnitude of benefit was not substantially greater
in patients who received extensive consolidation TDF therapy
(18 months) after HBeAg SC. In accordance with previously
Table 2

Neither univariate nor multivariate analyses by Cox regression show

Univariate analysis

P HR 95.0% CI for HR

Lower Uppe

Gender .620 1.252 .515 3.047
Age .571 1.013 .969 1.058
AST .114 .998 .995 1.001
ALT .069 .999 .997 1.000
eGFR .639 .992 .958 1.026
HBeAg .399 1.000 .998 1.001
HBsAg .024 1.000 1.000 1.000
HBVDNA .479 1.000 1.000 1.000
FIB-4 .387 1.128 .858 1.483

ALT= alanine aminotransferase, AST= aspartate aminotransferase, eGFR=estimated glomerular filtration
anti-hepatitis B e antibody, HBsAg=hepatitis B surface antigen, HBV DNA=hepatitis B virus deoxyribo

5

reported findings, the univariate analysis of our data revealed that
the pre-treatment level of HBsAg is the only significant predictor
of off-therapy recurrence.
The most noteworthy finding in our study was that the

dynamics of change in the semi-quantitative level of HBeAg most
probably contributed as a precise predictive factor for off-
treatment relapse in patients treated with TDF. Patients with a
limited reduction in the level of HBeAg (<25% from baseline)
after 6 months of treatment showed a significantly higher relapse
rate after discontinuing TDF therapy. This observation suggests
that we may be able to safely cease antiviral therapy after 1 year
of consolidation therapy in patients with a rapid reduction in the
level of HBeAg within 6 months.
HBeAg SC is regarded as an initial step of immune clearance in

the natural history of CHB. Moreover, HBeAg positivity
correlates with a high level of HBV DNA; thus, it can be
used as a marker for active viral replication.[33–35] However,
HBeAg continues to be qualitatively assayed despite the fact that
HBsAg is quantitatively detected. The level of HBeAg was
evaluated using the S/CO, and HBeAg positivity was confirmed
in those with an S/CO ≥1.0.[36] A sub-analysis showed that
patients who received consolidation therapy for 18 months and
had a baseline level of HBeAg >1000S/CO experienced a
significantly lower risk of relapse. In other words, a prolonged
consolidation period was beneficial to patients with a high
baseline semi-quantitative level of HBeAg in terms of off-
treatment durability.
ed any significant predictor for relapse.

Multivariate analysis

P HR 95.0% CI for HR

r Lower Upper

.142 3.947 0.631 24.692

.234 0.843 0.637 1.117

.541 1.007 0.984 1.030

.103 0.986 0.970 1.003

.239 0.957 0.889 1.030

.096 0.998 0.995 1.000

.480 1.000 1.000 1.000

.806 1.000 1.000 1.000

.484 2.541 0.187 34.596

rate, FIB-4= fibrosis-4 index: age (years) � AST [U/L]/(platelets [109/L] � (ALT [U/L])1/2), HBeAg=
nucleic acid.

http://www.md-journal.com


Figure 3. Receiver Operating Characteristic (ROC) curve statistics for a
baseline level of serum alanine aminotransferase (ALT) >133U/L could
significantly predict the occurrence of HBeAg SC (P= .008; 95% CI: 0.545–
0.763; area under the curve: 0.654). Arrow indicates the best cutoff point of
highest sensitivity while maintaining high specificity.

Wang et al. Medicine (2020) 99:18 Medicine
In addition to the level of HBeAg, baseline and dynamic
changes in the level of ALT demonstrated its pre-treatment and
on-treatment roles in predicting the occurrence of HBeAg SC.
Invariably, in Asian patients, NA-induced HBeAg SC is more
difficult to achieve and maintain and is associated with frequent
relapses after discontinuation of treatment.[37,38] HBeAg SC is
not sustained in most CHB patients regardless of the type of oral
high-potency antiviral agent used (e.g., TDF). The present study
investigated one of the larger prospective cohorts of HBeAg-
positive patients treated with TDF until SC and conducted a
comparison of two different consolidation periods before the
cessation of treatment. However, this study was characterized by
the following limitations:
1.
 lack of virological sequence information; and

2.
 all patients were Asian, thus our findings may not be

applicable to non-Asian patients with CHB.

5. Conclusions

In this prospective randomized study, the non-inferior efficacy of
TDF treatment on HBeAg-positive CHB patients with a
consolidation period of 12 months compared to 18 months,
which highlighted that a prolonged consolidation period of TDF
therapy did not exert a positive effect on sustained viral
suppression. Furthermore, patients with higher baseline HBeAg
levels (>1000S/CO) by semi-quantification assay needed longer
consolidation periods to avoid relapses.
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