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Abstract

Introduction—Loss of HBeAg and development of anti-HBe (seroconversion) is seen as a
milestone and endpoint in the treatment of HBeAg-positive patients with chronic hepatitis B
(CHB). Among patients treated with nucleos (t)ide analogs (NA), recurrent viremia is common
after discontinuation of therapy. Entecavir (ETV) and tenofovir (TDF) are highly potent NA. The
durability of virological response and HBeAg seroconversion in patients treated with these agents
is not well studied.
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Methods—We retrospectively studied the outcomes of 54 HBeAg-positive CHB patients who
were treated with either ETV (n = 30) or TDF (23) or both (n = 1) that achieved virological
response and underwent seroconversion and consolidation therapy before cessation of treatment.

Results—Only 4 (7 %) patients had sustained virological, serological, and biochemical
remission. Thirteen patients (24 %) continued to have HBV DNA levels below 2000 1U/mL and
normal alanine aminotransferase activity (ALT). Thirty-seven patients (69 %) developed HBV
DNA >2000 IU/mL, with 20 having elevated ALT. Among these 37 patients, 23 (62 %) remained
HBeAg negative/anti-HBe positive, 12 (32 %) became HBeAg positive, and 2 (5 %) were HBeAg
and anti-HBe negative. Duration of consolidation therapy did not correlate with low versus high
level of virological relapse.

Conclusions—Durability of HBeAg seroconversion associated with ETV or TDF was not
superior to that reported in patients treated with less potent NA. Our results, aggregated with
others, suggest HBeAg seroconversion should not be considered as a treatment endpoint for most
HBeAg-positive patients treated with NA. Future updates of treatment guidelines should
reconsider HBeAg seroconversion as an endpoint to therapy.
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Introduction

Loss of hepatitis B e antigen (HBeAg) and development of antibodies to HBeAg (anti-HBe)
(e Ag seroconversion) is viewed as a significant milestone and endpoint in the treatment of
HBeAg-positive patients with chronic hepatitis B (CHB). Hepatitis B e Ag seroconversion is
associated with undetectable serum HBV DNA, normalization in ALT levels with
improvement in liver histology, and a lower incidence of the development of cirrhosis and
hepatocellular carcinoma (HCC) [1-3]. Durable HBeAg seroconversion, as evidenced by
undetectable HBY DNA and HBeAg non-reactivity/anti-HBe reactivity, is seen in 67 % of
patients who seroconvert spontaneously [4, 5]. Data regarding the durability of response
after nucleos (t)ide(NA)-induced HBeAg seroconversion followed by treatment cessation
have been conflicting, potentially influenced by the heterogeneity of clinical and virological
factors of study populations, and variable duration of treatment and follow-up. Most prior
studies have examined post-seroconversion relapse rates and their predictors in patients
treated with lamivudine (LAM). In predominantly Caucasian CHB cohorts, there have been
reports of durable seroconversion in 80-90 % of patients [6, 7], whereas in Asian studies
relapse rates as high as 68 % have been reported [8]. Overall, in Asian patients, NA-induced
HBeAg seroconversion seems more difficult to achieve [9] and less durable after
discontinuation of treatment, and disease relapse is more frequent [5, 8, 10-15]. Some data
suggest that extending treatment with NAs following seroconversion, i.e., consolidation
therapy for an additional period, increases durability [15-18].

A recent analysis of the durability of HBeAg seroconversion and virological response
induced by NA therapy in 42 multiethnic patients followed up for a median of 59 months
from the Netherlands found that only 13 (31 %) maintained remission as defined by
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persistent HBeAg negativity and low-level HBV replication. Among the 9 patients who
stopped therapy (after at least 8 months of consolidation), only 2 demonstrated durable
serologic and virological responses [19]. In a different study comprising Asian-American
HBeAg-positive CHB patients treated with various NA, 90 % who discontinued therapy
after seroconversion developed recurrent viremia. None of the patients who continued
therapy experienced recurrent viremia [20]. While these studies suggest that only a minority
of CHB patients can safely remain off therapy after NA-induced HBeAg seroconversion,
they offer little guidance for predicting the durability of response for patients treated within
currently recommended guidelines using TDF or ETV.

Based on drug potency and high barriers to resistance, entecavir (ETV) and tenofovir (TDF)
monotherapy are considered to be the first-line NA for treatment of CHB. Long-term
durability of HBeAg seroconversion after cessation of TDF or ETV compared to the older
NAs has not been adequately studied. The study design of the registration trial for TDF
required HBeAg-positive patients to continue treatment even after seroconversion and did
not provide data regarding long-term durability after treatment cessation [21]. Many
clinicians are continuing antiviral therapy indefinitely even after seroconversion.
Furthermore, the rate of HBeAg seroconversion in the “realworld” clinical setting may be
lower than the rate reported in clinical trials [9, 22]. Therefore, the number of HBeAg-
positive CHB patients treated with either ETV or TDF who undergoes seroconversion
followed by consolidation therapy is small.

Given the paucity of data to guide evidence-based recommendations, we studied the
outcomes of HBeAg-positive CHB patients who were treated with more potent firstline
agents, ETV or TDF, who discontinued therapy after seroconversion and consolidation.
Predictors of outcome were also examined.

Patients and Methods

This was a retrospective study of HBeAg-positive CHB patients treated with either entecavir
or tenofovir who achieved HBeAg seroconversion, in whom treatment was discontinued
prior to loss of HBsAg. HBeAg seroconversion was defined as loss of HBeAg and
development of anti-HBe with undetectable HBV DNA on 2 or more occasions, at least one
month apart. Patients previously treated with interferon, co-infected with hepatitis C,
hepatitis D, or HIV, were excluded. Patients were identified from chart reviews from 7
community and 3 academic gastroenterology/hepatology practices. Demographic data and
laboratory tests including liver tests, HBeAg/anti-HBe status, HBV DNA level, and HBsAg
were collected. Patients were followed up every 3-6 months. Although patients were drawn
from multiple locations, all laboratory testing procedures were performed at certified
facilities which met Clinical Laboratory Improvement Amendments (CLIA) using
commercial kits approved by the US Food and Drug Administration (FDA).

Outcomes were defined as follows: remission was defined as persistently undetectable HBV
DNA, durable HBeAg seroconversion, and normal alanine aminotransferase activities
(ALT) (=40 U/L). Low-level virological relapse was defined as reappearance of HBV DNA
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levels <2000 IU/mL. High-level relapse was defined as reappearance of HBV DNA >2000
IU/mL. HBeAg seroreversion was defined as reappearance of HBeAg.

The study was approved by the Institutional Review Boards at Saint Vincent Medical
Center, University of Southern California, California Pacific Medical Center, and University
of California, Los Angeles.

Statistical Analysis

Results

Remission

Cumulative probability of high-level virological relapse was calculated according to
Kaplan—Meier method. For the comparison between patients with low versus high level of
HBYV DNA at the time of relapse, the Kruskal-Wallis test for continuous variables and Chi-
square test for categorical variables were used. Factors significantly associated with high
HBYV DNA level in univariate logistic regression analysis (unadjusted odds ratio in Table 3)
at the level of P = 0.10 were included in multivariate logistic regression analysis (adjusted
odds ratio in Table 3). The results of the analyses were expressed as unadjusted or adjusted
odds ratios with their 95 % confidence intervals and associated P values. All reported P
values were two-tailed. STATA version 12 (College Station, TX) was used in all statistical
analyses.

A total of 54 HBeAg-positive CHB patients treated with ETV or TDF who underwent
seroconversion and then discontinued therapy after a period of consolidation therapy without
HBsAg loss were included in this study. Demographic and baseline clinical characteristics
are shown in Table 1. Thirty-three patients were treatment naive prior to receiving ETV (21
patients) or TDF (11 patients) or both NA (1 patient). Twenty-one patients were treated with
other NAs before being switched to either ETV (9 patients, one of whom had been
previously treated with lamivudine) or TDF (12 patients). There was no significant
difference in mean levels of viremia between treatment-naive and treatment-experienced
patients prior to starting ETV or TDF.

Mean duration of treatment with ETV or TDF was 37.8 (range 4.6-100.5) months. HBV
DNA undetectability occurred 11.4 (median 9.0, range 0-33.4) months after initiation of
treatment with ETV/TDF. HBeAg seroconversion occurred 21.0 (median 18.3, range 1.5~
61.6) months of ETV/TDF treatment. Treatment (consolidation therapy) was continued for
an additional 16.8 (median 14.0, range 1.5-55.3) months after seroconversion. Thirtyeight
(70 %) patients received at least 12 months of consolidation therapy. Mean follow-up after
discontinuation of treatment was 30.3 (median 31.1, range 1.9-71.4) months.

After discontinuation of therapy, 4 of 54 patients (7 %) had persistently undetectable HBV
DNA and normal ALT. Mean follow-up was 23.7 (2.0-47.9) months. None of these patients
seroreverted and one patient became HBsAg negative and developed anti-HBs.

Low-Level Virological Relapse—A total of 13 of 54 patients (24 %) continued to have
HBYV DNA levels below 2000 1U/mL (range 0-1810) and normal alanine aminotransferase
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activity (ALT). Mean follow-up was 30.2 (2.0-71.4) months. Among these 13 patients,
HBYV DNA reappeared 8.3 (2.3-24.6) (mean) months after discontinuation of therapy. On
follow-up visits, HBV DNA spontaneously became undetectable in 10 patients. No patient
reverted to HBeAg-positive state although one patient lost anti-HBe.

High-Level Virological Relapse—Thirty-seven patients (69 %) developed HBV DNA
>2000 IU/mL 4.4 (0.5-17.6) months after discontinuation of ETV/TDF therapy. Mean
follow-up was 30.4 (1.9-69.3) months. Figure 1 presents Kaplan—Meier curve estimating the
time to high-level recurrent viremia. Cumulative highlevel virological relapse rates at 3, 6,
12 and 24 months were 35.6, 52.6, 67.9 and 69.9 %, respectively. Mean HBV DNA level at
the time of reappearance was 7.5 (3.3-8.8) logyo IU/mL. Twenty of 37 (54 %) patients had
elevated ALT which ranged from 46 to 2657 U/L with all having normal bilirubin levels.
There was no significant difference in the levels of HBV DNA in patients who maintained
normal ALT compared with patients who relapsed with abnormal ALT. Among these 37
patients, 23 (62 %) remained HBeAg negative/anti-HBe positive, 2 (5 %) were HBeAg and
anti-HBe negative, and 12 (32 %) reverted to HBeAg positive (9 were anti-HBe negative, 3
anti-HBe positive).

When comparing patients who relapsed with high level of viremia to those who maintained
low level of viremia, there was no significant difference in baseline HBV DNA level, time
to undetectable HBV DNA level, duration of total treatment or consolidation therapy.
Patients who were younger than age 45, treatment experienced prior to treatment with ETV/
TDF, received ETV treatment were more likely to maintain low level of viremia after
discontinuation of therapy (Table 2). In the multivariate analysis, the only significant risk
factors for high-level virological relapse were age greater than 45 years and treatment with
TDF (Table 3). Patients who relapsed with higher level of HBV DNA relapsed earlier than
patients with low-level viremia after discontinuation of therapy (4.4 vs. 8.3 months, P =
0.026). There were no clinical (including age), biochemical, or virological factors that were
associated with seroreversion. None of the patients developed liver decompensation or
hepatocellular carcinoma during the follow-up period.

Discussion

For HBeAg-positive CHB patients, HBeAg seroconversion is still cited as a milestone and
potential treatment end-point, marking the transition from a high-replication, active disease
state to low-replication, quiescent state. Although current guidelines recommend that NA
therapy can be stopped with augmented benefits 6-12 months after HBeAg seroconversion
[23-25], data presented here objectively question that treatment paradigm. Our study
assessed the outcomes after achieving on-treatment HBeAg seroconversion in patients
treated with the most potent NA (ETV and/or TDF) after treatment was stopped following a
mean consolidation period of nearly 17 months, exceeding the 6-12 months specified by
current guidelines. Among the 54 patients who underwent HBeAg seroconversion, only 4 (7
%) sustained absolute virological, serologic, and biochemical remission and 30 % retained
low-level viremia (<2000 1U/mL), quiescent liver tests, and durable HBeAg negativity. In
contrast, 70 % of patients relapsed with high-level viremia (<2000 IU/mL), with half of
these having recurrent liver injury (ALT flares) and one third experiencing HBeAg
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seroreversion. Therefore, for most patients, durable remission following treatment cessation
after HBeAg seroconversion is at best a temporary event.

Although AASLD HBYV guidelines define normal ALT levels as 19 U/L for females and 30
U/L for males, many practitioners in the community still use higher ALT levels since many
laboratories have upper limits of normal of 55-80 U/L [23, 26]. A higher value (>40 U/L)
was chosen as the cut-off for abnormal ALT so that there would be no equivocation as to the
definition of biochemical relapse. Indeed, there was only one additional patient (female)
who relapsed with high-level viremia whose ALT was 37 U/L that was not counted as a
flare.

A multicenter study also reported outcomes in patients treated with ETV or LAM for a finite
period of 48 or 96 weeks, as determined by protocol-defined response criteria [27]. Among
96 patients who received ETV achieving HBeAg seroconversion (most of whom did not
receive consolidation therapy), approximately 76 % maintained seroconversion during 6
months of follow-up, which is a similar proportion (78 %) to that observed in our study
among patients who were followed up for longer (mean 30.3 months). Of note, in that study
also, similar seroreversion and virological relapse rates were observed among 106 patients
treated with ETV with HBeAg loss (10 without seroconversion) who achieved on-treatment
undetectable HBV DNA levels (lower level of detection <57 1U/mL), and undetectable
viremia was sustained for at least 6 months in only 32 % (34/106) of patients who had
discontinued therapy. Identical virological relapse and seroreversion rates were noted in
patients who were treated with LAM compared to patients treated with ETV [27].

Ridruejo et al. reported 15 patients who underwent HBeAg seroconversion who stopped
ETV prior to under-going HBsAg seroconversion. Nine developed virological relapse
including 3 with HBeAg seroreversion and 4 who became anti-HBe negative. In contrast,
none of the 18 patients who underwent HBeAg and HBsAg seroconversion prior to stopping
ETV experienced virological relapse [28]. In a study comprising HBeAg-positive CHB
patients who were treated with either ETV or clevudine, 15 of 31 ETV-treated patients
relapsed compared to 5 of 17 patients treated with clevudine. In their multivariate analysis,
age <40 years and <15 months of consolidation treatment were predictors of virological
relapse [29].

There are even less data regarding the durability of HBeAg seroconversion after
discontinuation of TDF. To date, our study represents the largest reported experience with
TDF. Patients treated with TDF had a higher rate of relapse with high level of viremia
compared to patients treated with ETV. We have no plausible explanation for this difference
and attribute this finding to relatively small sample sizes. ETV and TDF, which are more
potent NAs and have a higher genetic barrier to resistance, have largely replaced older NAs
as treatment for CHB patients. Our study, along with these comparative data, argue that a
consolidation period within current guidelines, even using modern NA, may have little
influence on the durability of post-treatment HBeAg suppression by the host immune
response. The immunologic and potentially virological factors dichotomizing the two groups
(durable vs. brittle seroconversion) are unknown but merit intensive study, which such well-
characterized cohorts can facilitate.
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Based primarily on studies with LAM therapy [5, 8, 15-17], current guidelines recommend
additional consolidation therapy of 6-12 months after HBeAg seroconversion [21-23].
However, the relapse rates in these older studies may be underestimated because insensitive
assays were used to measure HBV DNA [5, 8, 15, 17]. Seventy percent of the patients in our
study received at least 12 months of consolidation therapy and had similar high virological
relapse rates as patients who received less consolidation therapy. Other studies using PCR
assays for HBV DNA detection report similar findings [10, 19].

Younger age at the time of spontaneous and NA-induced seroconversion is associated with
more durable remission [5, 8, 10-17, 29]. Consistent with this finding, we found patients
>45 years to be more likely to have high virological relapse. Interestingly, the rate of
virological relapse after HBeAg seroconversion is significantly higher in patients treated
with NAs compared to patients treated with interferon or those who spontaneously
seroconvert [5]. We speculate that although ETV and TDF are highly potent, nevertheless,
these agents like other NAs, suppress HBV replication and antigen production without
directly influencing qualitative and quantitative aspects of the anti-HBV immune response.
The likelihood of virological relapse and seroreversion, or conversely, durable virological
remission seem to be influenced by differences in the host immune constitution when
treatment is stopped. Although age-related differences in efficiency of the hepatic HBV
immune response are well accepted and are beginning to be mechanistically dissected [30],
such differences have focused on the gradient of natural outcome observed between
neonates, children and adolescent-mature adults. Aggregated data from the current and prior
HBeAg-positive CHB treatment studies argue that biologically important differences may
also develop in the human hepatic immune response during adult life.

While we report one of the larger cohorts of HBeAg-positive patients treated with ETV/TDF
through seroconversion and consolidation before treatment withdrawal, we recognize
several limitations of this study: it is retrospective in design involving multiple sites that
exhibit lack of uniform duration in consolidation therapy and lack of virological sequence
information. The vast majority of patients in this study were Asian and our findings may not
be applicable to non-Asian CHB patients. The number of patients in this study may not be
large enough to identify additional factors that are predictive of durable off-treatment
response.

The benefits of sustained viral suppression include the lower risk of disease progression [31,
32], regression of fibrosis [33, 34], and decreased incidence of HCC [35, 36]. On the other
hand, these clinical benefits are negated in patients with virological relapse [31]. Most
patients who relapsed with high HBV DNA levels did not serorevert and maintained normal
aminotransferase activities. However, these individuals remain at increased risk of
developing cirrhosis and HCC [37, 38]. Among cirrhotic CHB patients treated with ETV,
lower probability of disease progression is only seen among patients with complete
virological suppression [39].

In summary, the durability of HBeAg seroconversion associated with ETV and TDF is not
superior to patients treated with earlier, less potent NA. Virological relapse was almost
universal in our study, with 70 % having greater than 2000 IU/mL creating risk of liver
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injury. Our results coupled with other studies suggest HBeAg seroconversion without
HBsAg seroconversion should not be considered as a treatment endpoint for most HBeAg-
positive CHB patients treated with ETV and TDF, especially for those older than 45 years.

Tr

eatment guidelines should reconsider HBeAg seroconversion as an endpoint to therapy.
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Cumulative high-level virological relapse rate after discontinuation of ETV or TDF
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Table 1
Baseline characteristics of patients
Baseline characteristics n =54
Age (years) 45.5 (24-81) median 43
Gender, male (%) 34 (63)

Ethnicity (%)

Foreign-born

Treatment naive (n = 33)

Treatment experienced (n = 21)
Mean baseline HBV DNA of treatment-naive patients (logyq 1U/mL)

Mean HBV DNA of patients treated with other NAs at time of
switch to ETV or TDF (logy 1U/mL)

Time to undetectable HBV DNA? (months)

Time to HBeAg seroconversion® (months)

Consolidation period (months)b

Follow-up period after discontinuation of therapy (months)

51 Asian (94 %)
3 Caucasian (6 %)

46 (85 %)

ETV TDF ETV/TDF
21 11 1

ETV9 TDF 12

7.62 (median 7.40, range 2.94-8.72)
7.69 (median 4.85, range undetectable-8.80)

11.4 (median 9.0, range 0-33.4)
21.0 (median 18.3, 1.5-61.6)

16.8 (median 14.0, 1.5-55.3)

30.3 (median 31.1, 1.9-71.4)

aAfter initiation of ETV or TDF

bLength of therapy after seroconversion
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Table 2

Factors associated with low (<2000 1U/mL) or high level (=2000 1U/mL) of hepatitis B viremia after
discontinuation of therapy

Low viral load relapser  High viral load relapser P value

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Age Mean + SD (years) 409+6.0 474+14.2 0.103
Age (years) <45 13 (81.3 %) 18 (47.4 %) 0.021
>45 3(18.7 %) 20 (52.6 %)
Gender Male 9 (56.3 %) 24 (63.2 %) 0.634
Race Asian 16 (100.0 %) 35 (92.1 %) 0.247
Baseline HBV DNA level (log;p) Mean =SD (IU/mL)  7.41 +7.56 (n = 15) 7.85+8.15 (n=32) 0.561
Prior treatment None 13 (81.3 %) 20 (52.6 %) 0.003
Drug ETV 14 (87.5 %) 16 (42.1 %) 0.009
TDF 2 (12.5 %) 21 (55.3 %)
ETV/TDF 0 (0.0 %) 1(2.6 %)
Interval to negativity Mean + SD (mo) 13.0+8.1(n=15) 11.4+75(n=37) 0.592
Consolidation <12 months 7 (43.8 %) 12 (31.6 %) 0.392
>12 months 9 (56.2 %) 26 (68.4 %)
Consolidation <24 months 11 (68.8 %) 32 (84.2 %) 0.198
>24 months 5 (31.2 %) 6 (15.8 %)
Duration of Rx Mean + SD (mo) 39.8+17.7 (n=16) 37.0+£17.9 (n=38) 0.895
Time to relapse Mean + SD (mo) 83+7.1(n=13) 44+35(n=37) 0.026
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Table 3

Page 14

Estimated odds ratio for high DNA level relapse using univariate and multivariate logistic regression analyses

Variables Levels Unadjusted OR (95% CI) Pvalue Adjusted OR (95% Cl) Pvalue
Age >45vs.<45  4.81(1.18-19.7) 0.029  9.42 (1.80-49.3) 0.008
Prior treatment ~ Yes vs. no 3.9 (0.95-15.9) 0.058 3.61(0.68-19.1) 0.131
Drug TDFvs. ETV  9.63 (1.91-48.4) 0.006 13.1 (2.18-79.3) 0.005
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