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Nucleoside analogue (NA) therapy for chronic hepatitis B (CHB) is associated with improved clinical outcomes, but 
usually requires long- term use. Whether treatment can be safely withdrawn and the factors associated with post- 
withdrawal outcome are not well defined. To assess long- term outcomes after stopping antiviral therapy, patients with 
hepatitis B e antigen (HBeAg)– negative CHB who had received antiviral therapy for 4 or more years with hepatitis 
B virus (HBV) DNA (≤100  IU/mL) were prospectively withdrawn from antiviral therapy and monitored monthly for 
the initial 6  months and every 3  months thereafter. Those with clinical relapse were retreated according to severity of 
relapse. Fifteen patients were withdrawn from lamivudine (4), adefovir (5), or a combination of the two (6) after a 
mean treatment duration of 8.4  years. The mean age was 45  years, 13 were male, and 8 were initially HBeAg- positive 
before treatment. After a mean follow- up of 6.6  years, outcomes differed by pretreatment HBeAg status. All patients 
who were HBeAg+ before treatment experienced virological relapse (8 of 8); 6 of 8 experienced clinical relapse; 4 of 8 
had ALT flares; 5 of 8 required re- initiation of treatment, one of whom cleared hepatitis B surface antigen (HBsAg); 
and 3 of 8 remained off treatment, one of whom cleared HBsAg. In contrast, 4 of 7 patients who were HBeAg- 
negative before treatment experienced virological relapse, 3 of 7 experienced clinical relapse, and 1 of 7 had an alanine 
aminotransferase (ALT) flare. None restarted treatment, and 4 of 7 cleared HBsAg. Low pre- withdrawal HBsAg level 
was predictive of HBsAg loss. Conclusion: NA therapy can be safely withdrawn with long- term remission and high 
rates of HBsAg loss in most HBeAg- negative patients without cirrhosis. Patients who were initially HBeAg+ should 
not be withdrawn from treatment, because clinical relapse was frequent and often severe. (Hepatology Communications 
2021;5:1888-1900).

The development of nucleos(t)ide analogues 
(NAs) has revolutionized treatment of chronic 
hepatitis B (CHB). These agents are safe, 

well- tolerated, potent inhibitors of viral replication. 

Prolonged viral suppression results in a reduced inci-
dence of cirrhosis, liver decompensation, hepatocellu-
lar carcinoma, and mortality.(1- 3) However, NAs are 
not curative, as they cannot eradicate covalently closed 
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circular DNA, the viral template for transcription. 
Thus, virological relapse is observed in most patients 
if NAs are stopped.(4,5) Consequently, treatment is 
administered long- term, if not indefinitely. Long- term 
use is associated with lower adherence rates, safety 
concerns, particularly renal and bone toxicity, and cost.

Current treatment guidelines suggest that NAs may 
be stopped among hepatitis B e antigen (HBeAg)– 
positive patients after HBeAg seroconversion, pro-
vided that patients receive a minimum of 1  year of 
consolidation therapy. Asian and European guide-
lines suggest that treatment may be stopped among 
HBeAg- negative patients after a minimum of 2 or 
3 years of virological suppression, respectively, but these 
recommendations are based on limited data. Hepatitis 
B surface antigen (HBsAg) loss is a more robust treat-
ment endpoint but is infrequently achieved with NA 
therapy.(6) Interest in stopping antiviral therapy among 
HBeAg- negative patients was rekindled after a high 
rate of HBsAg loss, and sustained virological suppres-
sion was observed after stopping adefovir therapy.(7)

We conducted a prospective study of treatment 
withdrawal with predefined rules for re- initiation of 
treatment with the primary goal of assessing rates of 
long- term virological remission and clinical relapse after 
stopping oral antiviral therapy in patients with CHB.

Patients and Methods
patients

This was a single- arm, pilot study conducted 
at the Clinical Center of the National Institutes of 

Health (Bethesda, MD). Consecutive adult patients 
with CHB receiving antiviral therapy for ≥4  years 
were screened for enrollment into the study. All 
patients had to be on lamivudine, adefovir, or the 
combination, and be HBeAg- negative at the time of 
treatment withdrawal. Patients who were HBeAg- 
positive before treatment and lost HBeAg had to 
have received a minimum of 1  year of consolidation 
therapy. Patients were required to have either alanine 
aminotransferase (ALT) or aspartate aminotransferase 
(AST) within the upper limit of normal (ULN), HBV 
DNA ≤ 100  IU/mL for at least 4  years before study 
enrollment, be willing to reinitiate therapy if neces-
sary, and provide informed consent. Patients were 
excluded if they had biopsy- proven cirrhosis or, in the 
absence of histology, any three of the following vari-
ables: platelet count ≤100,000/mm3, reversal of ALT/
AST ratio, total bilirubin >2.0  mg/dL, splenomeg-
aly on ultrasound, and evidence of portal hyperten-
sion on endoscopy. Additional exclusion criteria were 
decompensated liver disease, co- infection with hepa-
titis C virus (HCV), hepatitis D virus (HDV) and 
human immunodeficiency virus (HIV), renal insuf-
ficiency defined as a serum creatinine >1.5  mg/dL  
or an estimated glomerular filtration rate ≤50  mls/
minute using the Cockroft and Gault formula, and 
prior or current therapy with entecavir, tenofovir, or 
tenofovir- emtricitabine.

stuDy Design
Upon enrollment, each patient underwent a com-

plete history and physical examination. Laboratory 
testing included hepatic panel, HBsAg, HBeAg, 
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antibody to HBeAg (anti- HBe), HBV DNA, anti-
body to HCV, antibody to HDV, and antibody to HIV. 
An abdominal ultrasound was obtained if not done 
in the 12 months preceding enrollment. Each patient 
underwent vibration- controlled transient elastography 
(VCTE) at 6- month intervals (more frequently in case 
of a flare). Patients were followed for a minimum of 
4  years. The monitoring schedule was every 4 weeks 
for the first 24 weeks and then every 12 weeks there-
after. Patients were seen more frequently in the event 
of an ALT flare. After 4 patients experienced severe 
ALT flares (defined as an ALT  >  20× ULN), all of 
whom were HBeAg- negative (anti- HBe- negative), 
the protocol was amended to exclude such patients 
from withdrawal of antiviral therapy. The study was 
approved by the institutional review board of the 
National Institute of Diabetes and Digestive and 
Kidney Diseases, National Institutes of Health, and 
registered under clinicaltrials.gov as NCT01581554. 
All subjects provided written, informed consent.

CRiteRia FoR RestaRting 
antiViRal tHeRapy

Antiviral therapy was restarted in patients with a 
virological relapse at defined time- points according to 
the following algorithm:

1. immediately after virological relapse in patients 
with serum ALT above 20× ULN (>800  U/L) 
confirmed a minimum of 1 week apart, or total bil-
irubin ≥2.0 mg/dL, or any clinical decompensation 
(encephalopathy, ascites, variceal bleed).

2. Within 3  months after virological relapse in pa-
tients with HBV DNA persistently ≥1,000 IU/mL  
and serum ALT persistently above 5× ULN 
(>200 U/L). Patients were followed at 2- week in-
tervals until resolution of flare.

3. Within 6  months after virological relapse in pa-
tients with HBV DNA ≥ 1,000 IU/mL confirmed 
on three occasions a minimum of 1  month apart 
and serum ALT above 1.5× ULN (>60 U/L) con-
firmed on three occasions a minimum of 1 month 
apart.

Patients meeting restart rules were offered enroll-
ment into a randomized clinical trial at the Clinical 
Center to receive therapy with either tenofovir ver-
sus tenofovir- emtricitabine (Clinical trials.gov 
NCT00524173).

pRimaRy enDpoint
The primary endpoint of the study was sus-

tained suppression of HBV DNA  ≤  1,000  IU/mL 
and serum ALT < 1.5X ULN 1 year after stopping 
therapy.

stuDy DeFinitions
HBeAg reversion: reappearance of HBeAg in the 

serum of a HBeAg- negative subject, on two occasions 
a minimum of 1 month apart.

HBsAg loss: undetectable HBsAg in the serum on 
two occasions a minimum of 1 month apart.

Virological relapse: HBV DNA level > 1,000 IU/mL  
confirmed on repeat testing a minimum of 1  month 
apart.

Clinical relapse: Virological relapse and ALT 
level > 1.5× ULN confirmed on repeat testing a min-
imum of 1 month apart.

Biochemical flare: ALT level > 10× ULN (400 U/L) 
at any time- point after withdrawal of antiviral therapy.

assays
HBV DNA was tested by COBAS TaqMan 

HBV real- time polymerase chain reaction (Roche 
Molecular Systems, Inc., Branchburg, NJ), lower 
limit of quantification  =  20  IU/mL. HBV serol-
ogy was tested using the VITROS ECi/ECiQ 
Immunodiagnostic System (Ortho Clinical 
Diagnostics, Raritan, NJ). Quantitative HBsAg 
(qHBsAg) levels were tested using the Abbott 
Architect HBsAg QT assay (Abbott Diagnostics, 
Abbott Park, IL), and HBV- RNA levels were tested 
using the HBV pgRNA Research Assay (Abbott 
Diagnostics). Soluble TRAIL (sTRAIL) and sol-
uble CD14 (sCD14) were measured in serum 
using the human TRAIL/TNSF10 and human 
CD14 Quantikine ELISA kits (R&D Systems, 
Minneapolis, MN) according to the manufacturer’s 
instructions.  The intra- assay and interassay per-
cent coefficient of variability were 1.3 and 3.9 for 
sTRAIL and 2.3 and 2.5 for sCD14.

statistiCal analysis
Data were summarized using means with ranges 

for continuous variables and proportions for categor-
ical variables. Wilcoxon rank sum test was used to 
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compare two groups of interest for continuous out-
comes, and either chi- squared or exact test was used 
for two- group comparison for categorical variables. 
Kaplan- Meier life table analysis was used to  report 
rates of long- term remission. Differences between 
those with a  maintained response and failure after 
withdrawal was assessed by  log rank test. All analy-
ses were two- tailed tests based on a significance level 
of 0.05 and conducted using SAS Version 9.4 (SAS 
Institute, Cary, NC). Correlations between sTRAIL 
and sCD14 levels with ALT and HBsAg levels were 
performed using R package “rmcorr.” (8) Student t test 
was used to compare means.

Results
Baseline CHaRaCteRistiCs

Seventy- three patients with CHB on antiviral 
therapy for 4 or more years were prescreened for 
the study. Fifty- four were ineligible, 4 declined, and 
15 agreed to enroll (Supporting Fig. S1). Baseline 
demographics are given in Table 1. Before treat-
ment, 8 patients were HBeAg- positive and 7 were 
HBeAg- negative. Before withdrawal, there were no 
significant differences in baseline demographic and 
clinical features between the two groups. The mean 
duration of follow- up for the cohort was 6.6  years. 
No patient had cirrhosis at time- of- treatment 
withdrawal.

pRimaRy enDpoint
One year off therapy, 6 of 15 (40%) patients 

met the primary endpoint of suppression of HBV 
DNA ≤ 1,000 IU/mL and serum ALT < 1.5× ULN, 
5 of 15 (33%) patients met protocol criteria to 
restart therapy, 4 (80%) of whom experienced a clin-
ically significant hepatitis flare, 2 of 15 (13%) had 
an elevated HBV DNA > 1,000 IU/mL (1,260 and 
3,220  IU/mL) but normal ALT levels, and 1 of 15 
(7%) had an elevated serum ALT level (115  U/L) 
but HBV DNA  =  221  IU/mL, and 1 of 15 (7%) 
withdrew consent to participate and restarted treat-
ment at week 45 off treatment, at which time HBV 
DNA was 29  IU/mL and serum ALT was 38 U/L 
(Fig. 1). In follow- up, 9 of 14 (64%) met the pri-
mary endpoint.

CliniCal CouRse aFteR 
stopping antiViRal tHeRapy

patients Who Were HBeag- positive 
Before treatment

The 8 patients who were HBeAg- positive before 
treatment received therapy for a mean of 8.2 (6- 10) 
years. Consolidation therapy was administered for a 
mean of 5.4 (2.8- 8.2) years after HBeAg loss. Four 
patients were anti- HBe- positive and 4 were anti- 
HBe- negative at the time of withdrawal of therapy. 
After stopping therapy, virological relapse (HBV 

taBle 1. DemogRapHiCs anD CliniCal 
CHaRaCteRistiCs at time- oF- tReatment 

WitHDRaWal

Demographics Means, 
(%)

HBeAg- Positive, 
n = 8

HBeAg- Negative, 
n = 7

Age (range, years) 41 (29- 62) 49 (31- 64)

Male gender 7 (88) 6 (86)

Race

Caucasian 3 (38) 0 (0)

Asian 5 (62) 6 (86)

African American 0 (0) 1 (14)

Body mass index (kg/m2) 24.4 (17- 31) 28 (22- 45)

Clinical characteristics (%)

Duration of Rx (years) 8.2 (6.1- 10.0) 8.7 (4.8- 12.8)

Rx*

Lamivudine 0 (0) 4 (57)

Adefovir 3 (38) 1 (14)

Lamivudine and adefovir 5 (62) 2 (29)

Alkaline phosphatase 
(range, U/L)

62 (39- 87) 68 (51- 102)

ALT (range, U/L) 45 (19- 74) 41 (24- 74)

AST (range, U/L) 23 (13- 33) 24 (8- 52)

Total bilirubin (range, mg/dL) 0.6 (0.2- 1) 0.6 (0.4- 0.8)

Albumin (range, g/dL) 4.4 (4- 5) 4.1 (3.4- 4.6)

International normalized 
ratio

1.0 (0.9- 1.1) 1.1 (1- 1.2)

Platelets (range, K/uL) 213 (161- 311) 200 (161- 247)

HBV DNA undetectable 8 (100) 6 (86)

qHBsAg (range, IU/mL)* 785 (0.3- 2,882) 1924 (10- 10,251)

HBV RNA (range, log U/mL)* 0.8 (0- 2.6) 0.5 (0- 2)

Histology activity index 
score†

2 (1- 5) 2.8 (1- 5)

Ishak fibrosis score† 0.7 (0- 2) 1.3 (0- 3)

*Week 4 pre- withdrawal serum was used for testing qHBsAg and 
HBV RNA in 1 patient.
†n = 13. Two patients did not undergo baseline biopsy.
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DNA > 103 IU/mL) was observed in all patients, and 
HBV DNA exceeded a level  >  105  IU/mL in 5 of 
8 (63%) and >107  IU/mL in 4 of 8 (50%). Similarly, 
ALT levels became elevated in 8 of 8 (100%), were 
>2× ULN (80  U/L) in 6 of 8 (75%), were >5× 
ULN (200  U/L) in 6 of 8 (75%), and ALT flares 
(>10× ULN [400  U/L]) were observed in 4 of 8 
(50%) within the first year of follow- up. The course 
of patients who were HBeAg- negative/anti- HBe- 
negative at time of withdrawal differed compared to 
those who were HBeAg- negative/anti- HBe- positive. 
All HBeAg- negative/anti- HBe- negative patients 
experienced HBeAg reversion within 2  months of 
withdrawal, with marked elevations in serum HBV 
DNA (mean peak HBV DNA  =  8.7 [7.8- 9.2] 
log10  IU/mL) and ALT (mean peak ALT  =  1,771 
[366- 3,376] U/L) levels (Figs. 1 and 2), and a tran-
sient rise in hepatic stiffness  =  14 (5.6- 31) kPa by 
VCTE. These 4 patients had lost HBeAg a mean of 
7.4 (6- 8) years before withdrawal and received con-
solidation treatment for a mean of 5.1 (4.3- 5.9) years. 
One patient became jaundiced with peak bilirubin of 
8.7  mg/dL; none experienced hepatic decompensa-
tion. Two were randomized to start tenofovir, and 2 to 
tenofovir- emtricitabine. Two patients delayed restart-
ing treatment. Nonetheless, upon restarting therapy, 
all responded with loss of HBeAg (mean = 7 months, 

range = 2- 12 months), suppression of HBV DNA to 
undetectable, and normalization of ALT level. VCTE 
scores returned to baseline following resolution of the 
hepatitis flare. HBsAg loss with development of anti- 
HBs was observed in 1 patient 9 months after restart-
ing treatment.

In contrast, among the 4 HBeAg- negative/anti- 
HBe- positive patients, the mean peak HBV- DNA 
level was 4.9 (3.5- 6.8) log10  IU/mL, and the mean 
peak ALT was 370 (70- 1,029) U/L after stopping 
treatment (Figs. 1 and 2). A single patient experi-
enced HBeAg reversion accompanied by a withdrawal 
flare with a peak ALT of 1,029 U/L and peak HBV 
DNA of 6.8 log10 IU/mL 4  months after stopping 
treatment. This patient was restarted on tenofovir- 
emtricitabine and responded with normalization of 
serum ALT and undetectable HBV DNA followed 
by loss of HBeAg 22 months after starting treatment. 
The other 3 patients experienced mild elevations in 
serum ALT and HBV- DNA levels during follow- up, 
but none met the protocol criteria for re- initiation 
of treatment. One patient experienced HBsAg loss 
without development of anti- HBs 5.9  years after 
stopping treatment. One patient remains in remission 
7.4 years off therapy, with the last ALT being 14 U/L 
and last available HBV DNA being 319 IU/mL. The 
other patient wished to restart treatment despite not 

Fig. 1. Outcome after stopping treatment among HBeAg- positive and HBeAg- negative patients. *One patient withdrew consent to 
participate at post- withdrawal week 45 and restarted antiviral therapy. ^Three patients met the definition for an ALT flare. #One patient 
met the definition for an ALT flare. !One patient met the definition for an ALT flare.
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meeting protocol criteria (HBV DNA was 29 IU/mL 
and serum ALT was 38 U/L) at week 45 off treatment 
and withdrew consent to participate. This patient was 
excluded from subsequent analyses.

patients Who Were HBeag- negative 
Before treatment

The 7 HBeAg- negative patients were on therapy 
for 8.7 (4.8- 12.8) years before withdrawal of treat-
ment. Upon stopping therapy, HBV- DNA levels rose 
transiently in all patients with a mean peak HBV 
DNA of 4 (2.5- 6.3) log10 IU/mL; virological relapse 
(HBV DNA > 103 IU/mL) was noted in 4 of 7 (57%), 
HBV DNA exceeded >105  IU/mL in 3 of 7 (43%) 
and >107 IU/mL in 0 of 7 (0%). Similarly, ALT levels 
became elevated in most patients: 6 of 7 (86%) with 
a mean peak ALT of 163 (34- 609) U/L. Serum ALT 
was >2× ULN (80  U/L) in 3 of 7 (43%), >5× ULN 
(200  U/L) in 1 of 7 (14%) and an ALT flare (>10× 
ULN [400 U/L]) was observed in 1 of 7 (14%) within 
the first year of follow- up. This latter patient had a 
peak ALT of 609  U/L and HBV DNA of 6.3 log10 

IU/mL. The flare was transient and resolved rapidly 
within 1.5  months. The 7 patients were followed 
for a mean of 6.3 (4.5- 7.9) years. None experienced 
HBeAg reversion. Intermittent, transient elevations in 
ALT and HBV- DNA levels were noted (Figs. 1 and 
3), but none met the protocol criteria for restarting 
antiviral therapy. Four of 7 (57%) cleared HBsAg at 
2.3, 3.2, 4.2, and 7.5 years after treatment withdrawal. 
One patient died of non- HBV- related causes (com-
plications of diabetes and renal failure).

pReDiCtoRs oF HBsag loss
The qHBsAg levels were significantly higher at 

baseline among patients who were initially HBeAg- 
negative before treatment (1,924 [9.6- 10,251] IU/mL  
compared with those who were initially HBeAg- 
positive [785 (0.3- 2,882) IU/mL]). The annual 
decline in qHBsAg levels among patients not requir-
ing retreatment was similar between patients initially 
HBeAg- positive (n  =  2) and those initially HBeAg- 
negative (n  =  7): −0.2 versus −0.3  log10  IU/mL/per 
year, respectively. Time to HBsAg loss is shown in the 

Fig. 2. Changes in serum ALT, HBV DNA, HBV RNA, and qHBsAg levels after stopping treatment among patients who were 
HBeAg- positive before treatment. Top row: Patients who were HBeAg- negative/anti- HBe- negative at time of withdrawal. Bottom row: 
Patients who were HBeAg- negative/anti- HBe- positive at time of withdrawal.
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Kaplan- Meier plot (Fig. 4) and kinetics of HBsAg 
(Fig. 5A). HBsAg loss was confirmed in all patients 
over a mean follow- up of 3 (0.4- 6.5) years; anti- HBs 
developed in 4 of 6 (67%) of patients.

A low qHBsAg at treatment withdrawal was the 
only predictor of HBsAg loss. Mean qHBsAg at 
the time of treatment withdrawal among patients 
who lost HBsAg was 297  IU/mL compared with 
1,991 IU/mL among those who did not lose HBsAg 
(P  =  0.04; Table 2). Neither mean HBV- RNA level 
nor the proportion with unquantifiable HBV RNA 
were significantly different in those with and without 
HBsAg loss (Fig. 6).

Two cytokines representative of natural killer (NK)– 
cell activation (sTRAIL and macrophages/monocytes 
activation, sCD14) were assayed to assess the role of 
host immune response with HBsAg loss. sTRAIL 
and sCD14 were measured before withdrawal and 
at 24- 48- week intervals thereafter for the duration 
of patient follow- up depending on sample availabil-
ity. For patients who restarted treatment, sTRAIL 
and sCD14 levels were measured until 24 weeks after 
re- initiation of therapy. sTRAIL and sCD14 were 

assayed in a mean of 10 samples per patient (range 
6- 19). Among all patients, there was a weak, nega-
tive correlation between sTRAIL with HBsAg levels 
(R  = −0.27; P  =  0.006). The association was signifi-
cant among patients who cleared HBsAg (R = −0.33; 
P = 0.024) but not among those without HBsAg loss 
(R = −0.22; P = 0.1) (Fig. 5B). In addition, the associ-
ation was significant among patients initially HBeAg- 
positive before treatment (R = −0.45; P = 0.003) but 
not among those who were HBeAg- negative (R = −
0.2; P  =  0.12). sTRAIL levels before stopping treat-
ment were not different between those with and with-
out HBsAg loss: 91 versus 84 pg/mL; P = 0.48. There 
was no correlation between sCD14 with HBsAg lev-
els (R = −0.05; P = 0.65).

pReDiCtoRs oF alt FlaRes
Five of 15 (33%) patients experienced a protocol 

defined ALT flare, (ALT ≥ 10× ULN). ALT flares were 
accompanied by a transient increase in VCTE from a 
pre- withdrawal mean of 4.7  KPa to a mean peak of 
13 KPa during the height of the ALT flare, which then 

Fig. 3. Changes in serum ALT, HBV DNA, HBV RNA, and qHBsAg levels after stopping treatment among patients who were 
HBeAg- negative before treatment.
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declined to 6.7  KPa following resolution of the flare. 
The mean VCTE scores obtained on the day of with-
drawal among those with a protocol defined flare was 
4.7 KPa compared with 5.3 KPa (P = not significant), 
among those without a flare. ALT flares were more 
common among Caucasians and those with HBV 
genotype A. No other demographic or clinical factor 
was associated with ALT flares (Supporting Table S1). 
Neither mean HBV- RNA level nor the proportion 
with unquantifiable HBV RNA were significantly dif-
ferent in those with and without an ALT flare.

The association between sTRAIL and sCD14 
levels with ALT flares was examined. There was no 
correlation between sTRAIL (R  = −0.12; P  =  0.17) 
and sCD14 (R = 0.03; P = 0.7) with serum ALT lev-
els. Moreover, sTRAIL and sCD14 levels were not 
significantly different before withdrawal of antiviral 
therapy among patients with and without an ALT 
flare (sTRAIL, 100.7 vs. 85.6  pg/mL, P  =  0.3; and 
sCD14, 2.8 vs. 2.6 µg/mL, P = 0.6; respectively).

Discussion
Although a number of studies have investigated 

stopping NAs, only a few have been prospective but 

with limited follow- up. A systematic review of 22 
studies reported that at 1  year off therapy, virologi-
cal relapse (HBV DNA  >  2,000  IU/mL) occurred 
in about 70% of patients, clinical relapse (HBV 
DNA  >  2,000  IU/mL and ALT elevation) occurred 
in about 50% of patients, and about 40% of patients 
required retreatment.(9) Our findings yielded simi-
lar results to other prospective studies, which have 
reported that 55%- 74% of selected patients can 
remain off treatment but the frequency of HBsAg loss 
in our study was substantially higher (40%).(7,10- 14)  
Taken together, these data suggest that a sizable pro-
portion of patients can remain off treatment, but 
whether clinical outcomes will differ between those 
who remain on treatment remains unknown.

In this study, pretreatment HBeAg status was 
associated with markedly different outcomes after 
withdrawal of treatment. Patients originally HBeAg- 
negative had a lower incidence of ALT flares, higher 
rates of HBsAg loss, and none required retreatment 
compared with those originally HBeAg- positive, 
despite similar treatment durations. This observation 
suggests that NA- related HBeAg loss is not a dura-
ble endpoint. A potentially interesting finding was 
that patients who were anti- HBe- negative at treat-
ment withdrawal experienced shorter time to HBeAg 

Fig. 4. Kaplan- Meier graph of time to HBsAg loss.
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Fig. 5. (A) Kinetics of qHBsAg levels after stopping treatment among patients with HBsAg loss with (red line) and without ALT flares 
(blue line) and without HBsAg loss with (black line) and without ALT flares (gray line). (B) Log10 HBsAg IU/mL levels by sTRAIL 
levels (pg/mL) among patients with (red line) and without HBsAg loss (gray line).
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reversion and more severe ALT flares, suggesting a 
role for anti- HBe in immune control. However, prior 
studies demonstrated no role for anti- HBe in virus 
neutralization.(15) It is possible that HBeAg- negative/
anti- HBe- negative patients may still have low- level 
HBeAg that cannot be detected by current assays, 
and that dampens the host immune response.(16) 
Regardless of the explanation, our data suggest that 
patients who do not develop anti- HBe after HBeAg 
loss should not be withdrawn from therapy.

One of the primary reasons for the renewed inter-
est in stopping antiviral therapy is the potential for 
HBsAg loss. Whether the rate of HBsAg loss after 
stopping therapy is higher compared with that of 
uninterrupted therapy is controversial. A random-
ized study comparing stopping to continuing therapy 
reported a significantly higher rate of HBsAg loss in 
patients who were withdrawn compared with those 
who continued therapy (19% vs. 0%) after a mean fol-
low- up of 3 years, whereas another reported no differ-
ence in the rate of HBsAg loss of about 1% in those 
who stopped or continued therapy, but follow- up was 
shorter (1.5 years).(10,14) The length of follow- up is the 
likely explanation for the disparate results. In our study, 
HBsAg loss was not seen until 2 years off therapy.

Why HBsAg loss may occur at a higher rate after 
stopping compared with continuing treatment is 
unclear. It is possible that prolonged viral suppres-
sion may reset the immune response, leading to a 
more robust immune response when HBV replication 
returns, resulting in HBsAg loss. In support of this, 
a recent study reported a significant increase in mul-
tifunctional HBV core- specific T- cell responses after 
stopping therapy, especially for CD4+ T cells, but the 
magnitude of induced HBV- specific T- cell responses 
did not correlate with the subsequent HBsAg 
decline.(17) However, patients who achieved HBsAg 
loss expressed lower levels of the exhaustion markers 
killer cell lectin like receptor G1 (KLRG1) and pro-
grammed cell death protein 1 (PD- 1) and displayed 
an increased frequency of Ki- 67+CD38+T cells after 
stopping NA treatment, suggesting that perhaps a less 
exhausted phenotype before treatment withdrawal 
may be associated with HBsAg loss. NK cells may also 
have a role, as shown in another analysis of the same 
cohort, reporting that cell cytotoxicity was increased 
after discontinuation of therapy and correlated with 
ALT levels, especially in patients with subsequent 

taBle 2. DemogRapHiC anD CliniCal 
CHaRaCteRistiCs at time- oF- tReatment 

WitHDRaWal BetWeen patients WitH anD 
WitHout HBsag loss

Demographics
HBsAg- Negative, 

n = 6
HBsAg- Positive, 

n = 9 P Value

Age (years) 45 (38- 59) 45 (29- 64) 0.72

Male gender (%) 6 (100) 7 (78) 0.49

Race (%) 1.00

Caucasian 1 (17) 2 (22)

Asian 5 (83) 6 (67)

African American 0 (0) 1 (11)

GT 0.54

A 2 (33) 2 (22)

B 1 (17) 0 (0)

C 1 (17) 5 (56)

D 1 (17) 1 (11)

Missing 1 (17) 1 (11)

Mean body mass 
index (kg/m2)

25.4 (22- 28.3) 25.8 (23.3- 25.9) 0.72

Clinical 
characteristics

Duration of Rx 
(years)

8.13 (4.8- 10.8) 8.6 (6.1- 12.78) 0.91

Rx (%) 0.46

Lamivudine 3 (50) 1 (11)

Adefovir 1 (17) 3 (33)

Lamivudine and 
adefovir

2 (33) 5 (56)

Alkaline phos-
phatase (U/L)

66.7 (51- 102) 63 (39- 87) 0.95

ALT (U/L) 42 (30- 65) 38 (28- 42) 0.56

AST U/L) 23 (8- 33) 24 (13- 52)

0.68

Total bilirubin (mg/dL) 0.63 (0.4- 0.8) 0.58 (0.2- 1) 0.59

Albumin (g/dL) 4.3 (4- 4.6) 4.2 (3.4- 5) 1.00

International nor-
malized ratio

1.0 (0.95- 1.2) 1.0 (0.91- 1.2) 0.59

Platelets (K/uL) 202 (116- 228) 210 (161- 311) 0.91

HBeAg- positive at 
Rx initiation (%)

2 (33) 6 (67) 0.31

Anti- HBe- positive (%) 5 (83) 6 (67) 0.6

HBV DNA 
undetectable

6 (100) 8 (89)

qHBsAg (IU/mL) 296.47 
(0.3- 1,036.1)

1990.7 
(71.5- 10,250.9)

0.04

HBV RNA (log U/mL) 0.3 (0- 1.7) 0.9 (0- 2.6) 0.18

Histology activity 
index score

2.2 (1- 5)* 2.5 (1- 5)† 0.64

Ishak fibrosis score 1.0 (0- 2)* 1.0 (0- 3)† 0.81

*One patient did not undergo liver biopsy.
†One patient did not undergo liver biopsy.
Abbreviation: GT, genotype.
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HBsAg loss.(18) The observation that HBsAg loss is 
preceded by ALT flares in some but not all patients 
suggests that the host immune response at the time of 
withdrawal of treatment may be the critical factor in 
outcome after withdrawal of treatment. Patients with 
a high frequency of HBV- specific T cells at the time 
of stopping treatment may rapidly control viremia, 
prevent ALT flares, and already be clearing HBsAg 
through noncytolytic mechanisms, resulting in a lon-
ger time to HBsAg clearance after stopping treat-
ment.(19) In contrast, patients with a more exhausted 
T- cell response may have unchecked viral replica-
tion after stopping treatment, resulting in interferon/
cytokine production and an augmented cytototoxic 
NK cell response, which leads to an ALT flare and 
resultant faster HBsAg loss.(18) These are theoretical 
inferences, and the issue of ALT flares and timing of 
HBsAg loss after stopping treatment requires further 
investigation. In the current study, the observation 
that higher sTRAIL levels were associated with lower 
HBsAg levels, particularly among those with HBsAg 
loss, and might suggest that activated NK cells may 
also play a role in HBsAg clearance through apop-
totic or noncytolytic mechanisms. However, HBsAg 
loss was not preceded by or temporally related to 
ALT flares. The only predictor of HBsAg loss was 
the HBsAg level at the time of withdrawal, which has 
been reported in other studies.(20,21)

The opportunity for HBsAg loss after treat-
ment withdrawal must be balanced against the 
risk of ALT flares. In this study, the incidence of 
protocol- defined flares (ALT  >  10× ULN) was 5 
of 15 (33%), a rate similar to that reported in the 
literature.(7,10,13,14) ALT flares occurred within 2 to 
5 months of stopping therapy and were more com-
mon among formerly HBeAg- positive patients who 
lacked anti- HBe. Importantly, most patients with 
elevated ALT levels  <  10× ULN generally resolved 
the hepatitis without the need for antiviral therapy. 
Having a biomarker to identify patients at risk for 
ALT flares after stopping NA treatment would be 
of clinical utility. In this study, HBV- RNA levels 
before withdrawal could not distinguish between 
patients with and without an ALT flare. Similarly, 
neither sTRAIL nor sCD14 were associated with 
ALT flares. Moreover, baseline levels were not dif-
ferent in those with and without flares. Another 
study reported that the frequency of HBV core and 
polymerase- specific T cells were important for con-
trol viremia after treatment withdrawal, with a higher 
frequency being associated with a lower occurrence 
of flares.(19) However, assessment of these immu-
nological markers requires specialized methodology 
that is not widely available. Interestingly, a panel of 
five soluble immune markers (SIMs) that included 
sTRAIL, identified by machine learning, was able 

Fig. 6. (A) Kinetics of HBV- RNA levels after stopping treatment among patients who were HBeAg- positive before treatment. (B) 
Kinetics of HBV- RNA levels after stopping treatment among patients who were HBeAg- negative before treatment.
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to detect early virological relapse (within the ini-
tial 24 weeks of stopping therapy).(22) However, the 
SIM panel was not assessed for its role in predict-
ing clinical relapse. At present, given the absence of 
markers to identify patients at risk for a withdrawal 
flare, close observation will be required. We recom-
mend a tiered monitoring approach such as used in 
this study.

Our study had several limitations. This was an 
uncontrolled trial and we do not know whether the 
rate of HBsAg loss would have differed, had patients 
remained on treatment. The sample size was limited 
and did not include patients on first- line agents ente-
cavir and tenofovir because these agents were used as 
rescue therapy.

In conclusion, this study suggests that patients 
with HBeAg- negative CHB who have received 
antiviral therapy for a minimum of 4  years and 
who do not have cirrhosis may be safely withdrawn 
from antiviral therapy and experience high rates of 
sustained virological suppression and HBsAg loss. 
Although severe flares occurred, this was more com-
mon among patients who were HBeAg- positive 
before treatment and anti- HBe- negative at the time 
of withdrawal. Such patients should not discon-
tinue treatment. Future studies are needed to eluci-
date the mechanism of HBsAg loss after treatment 
withdrawal.
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