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INTRODUCTION: Withdrawal of nucleos(t)ide analog therapy is increasingly being evaluated in chronic hepatitis B

infection as a strategy to induce hepatitis B surface antigen (HBsAg) loss. The Hepatitis B Research

Network Immune-Active Trial evaluated treatment with tenofovir (TDF) for 4 years6 an initial 6months

of peginterferon-a (PegIFN) (NCT01369212) after which treatment was withdrawn.

METHODS: Eligibleparticipants (hepatitisBeantigen [HBeAg]2/anti-HBe1, hepatitisBvirus [HBV]DNA<103 IU/mL,

no cirrhosis) who discontinued TDF were followed for at least 1 year with optional follow-up thereafter.

Retreatment was based on predefined criteria.

RESULTS: Among201participantswho received4 years of treatment, 97participants (45TDFand52TDF1PegIFN

arm, 79 Asian) discontinued TDF. HBsAg loss occurred in 5 participants, 2 within 25 weeks and 3 within

89–119 weeks postwithdrawal (cumulative rate 4.3% by 2 years). Alanine aminotransferase (ALT) flares

(>53 upper limit of normal) after TDF withdrawal occurred in 36 (37.1%) participants and occurred more

frequently and earlier in those HBeAg2 compared with HBeAg1 at treatment initiation. ALT flares were

associatedwith older age andhigherHBVDNApretreatment andat the visit before the flare. ALT flareswere

not significantly associatedwithHBsAgdecline or loss butwere associatedwith immune active disease at 1

year (70.6% vs 11.9%, P < 0.0001) and 2 years (66.7% vs 25.9%, P5 0.03) postwithdrawal. Treatment

reinitiationwas required in 13 (13.4%) participants, and 13 others remained in a sustained inactive carrier

state by the end of the study follow-up. No criteria reliably predicted safe treatment withdrawal.

DISCUSSION: Results from this trial do not support TDF withdrawal as a therapeutic strategy. HBsAg loss was

infrequent within 2 years of stopping long-term TDF. If withdrawal is considered, HBV DNA should be

carefullymonitoredwith reinitiation of therapy if levels rise above4 log10IU/mL to reduce the risk of ALT

flares, as they were not associated with subsequent HBsAg decline or loss.
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INTRODUCTION
The mainstay of treatment for chronic hepatitis B virus (HBV) in-
fection is long-term treatmentwithnucleos(t)ide analogs (NAs).NAs

are well tolerated and lead to potent suppression of viral replication,
resulting inundetectable levels ofHBVDNAinmost treatedpatients,
which is associatedwith fewer clinical outcomes.However, long-term
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NA treatment rarely leads to clearance of hepatitis B surface antigen
(HBsAg), which is referred to as functional cure and is considered the
primary goal of therapy because of its associationwith excellent long-
term prognosis (1). A small, uncontrolled cohort study reported a
high rate of HBsAg loss after withdrawal of long-term NA therapy
leading to interest in this as an approach to induce HBsAg loss (2).

Studies of NAwithdrawal have consisted of large retrospective
cohorts (3–5) and relatively small prospective studies (6,7).
Outcomes have varied with differing rates of HBsAg loss and
variable incidence of virological and clinical relapse, often ne-
cessitating reinstitution of NA treatment. Variability in outcomes
of NA withdrawal likely relates to differences in the treated
populations in terms of age, ethnicity, HBV genotype, hepatitis B
e antigen (HBeAg) status pretreatment, indications for retreat-
ment, and possibly other factors (3,8–10). Understanding the
outcomes after NA withdrawal is particularly important both for
current clinical management and to guide development of finite
curative strategies for chronic HBV infection. We evaluated the
outcome of NA withdrawal in the Hepatitis B Research Network
(HBRN) Immune Active (IA) Trial that randomized participants
in the immune active phase of chronicHBV to 4 years of tenofovir
disoproxil fumarate (TDF) therapy with or without an initial 6
months of weekly peginterferon-a 2a (PegIFN).

METHODS
Participants

The HBRN is a clinical research network funded by the National
Institute ofDiabetes,Digestive andKidneyDiseaseswith 21clinical
sites throughout the US and in Toronto, Canada, that enrolled
HBsAg-positive adult ($18 years old) patients not on antiviral
therapy into a prospective cohort study or 1 of 2 clinical trials
between 2012 and 2017 (11). The IA trial enrolled participants
meeting the following criteria: HBeAg positive (HBeAg1) or
negative (HBeAg2) with compensated liver disease who had not
previously received antiviral therapy for .24 weeks with alanine
aminotransferase (ALT) levels .1.53 upper limit of normal
(ULN) and HBV DNA.1,000 IU/mL. ALT ULN was defined as
30 U/L for men and 20 U/L for women (12). Participants were
randomized to treatment with TDF 300 mg daily for 192 weeks
with or without an initial 24 weeks of once-weekly PegIFN 180 mg
subcutaneously (NCT01369212). Outcomes at the end of 192
weeks of therapy have been described separately (13).

A major objective of the trial was to assess outcomes after dis-
continuing TDF at week 192 in eligible participants. Initially, cri-
teria for TDF discontinuation at 192 weeks were the absence of
cirrhosis at study entry andHBVDNA,1,000 IU/mL fromweeks
168–192 of TDF treatment, irrespective ofHBeAg status.However,
after 2 participants who were HBeAg positive at the time of TDF
withdrawal had severe flares accompanied by jaundice, the pro-
tocol was amended to require HBeAg negativity at and after week
144 toqualify forwithdrawal. Theprotocolwas further amended to
require the presence of anti-HBe at or after week 144 to meet the
criteria for treatment discontinuation. Participants who did not
meet the withdrawal criteria continued TDF. Participants meeting
the withdrawal criteria stopped TDF at week 192 and were evalu-
ated every 4 weeks to week 216 and then every 12 weeks until week
240. Participants who completed week 240 follow-up were offered
to continue follow-up in the HBRN observational cohort study
with follow-up visits every 24 weeks.

Criteria for retreatment after withdrawal included any of the
following: clinical decompensation, impaired liver synthetic

function (international normalized ratio .1.3, total bilirubin
.1.3 mg/dL, or direct bilirubin .1.0 mg/dL), ALT .1,000 U/L
with HBV DNA $10,000 IU/mL, ALT .103 ULN with HBV
DNA $10,000 IU/mL on 3 occasions in a 4-week period, ALT
.53ULNwithHBVDNA$10,000 IU/mLon3 occasions over a
12-week period, and HBeAg positivity. Participants meeting the
retreatment criteria were offered retreatment with TDF until
week 240 and then continued at the discretion of the treating
provider. ALT elevations after withdrawal were defined as an
increase of ALT .ULN and ALT flares as ALT.53 ULN.

The clinical phenotype was assessed at the end of the study at
week 240 (48 weeks post-TDFwithdrawal) and the end of follow-
up for those with extended follow-up in the HBRN Cohort Study
after trial completion. The Inactive Carrier (IC) phenotype was
defined as HBeAg2 with ALT , ULN and HBV DNA ,1,000
IU/mL. The IA phenotype was defined as ALT .23 ULN with
HBV DNA .2,000 IU/mL or reinitiation of antiviral therapy.
Those with ALT and/or HBV DNA levels in between IC and IA
definitions were deemed indeterminant (14).

A sustained IC phenotype at the end of the trial required
meeting the IC criteria at both week 228 and week 240. If at least 1
of these 2 visit results met the IA definition, the phenotype was
deemed IA; otherwise, if at least 1 of those 2 visit results met the
indeterminant criteria, the phenotype was deemed indeter-
minant. For participants with follow-up beyond 1 year, the same
criteria for sustained IC, IA, and indeterminant were used for
phenotype determination using the results of the final 2 visits of
follow-up. The study schematic is shown in Figure 1. The study
protocols were approved by the institutional review boards or
research ethics boards (Toronto) of participating institutions, and
participants provided written informed consent.

Measures

Demographic (sex, age, self-reported race, and continent of birth),
clinical (body mass index, liver enzymes, platelets, history of cir-
rhosis, presumed mode of HBV transmission, and estimated dura-
tion of infection), and virologic (quantitative HBsAg [qHBsAg],
qHBeAg, HBV DNA levels, and HBV genotype) characteristics at
treatment start and withdrawal were recorded. Quantitative HBeAg
and HBsAg (Roche Elecsys) assays were performed at the HBRN
central virology laboratory at the University of Washington, with
lower limits of detectionof 0.3 IU/mL forHBeAgand0.05 IU/mL for
HBsAg. HBV DNA testing was performed centrally by real-time
PCR (COBAS Ampliprep/COBAS TaqMan Test, v.2.0; Roche Mo-
lecular Diagnostics, Branchburg, NJ) with a lower limit of quantifi-
cation of 20 IU/mL and a lower limit of detection of 10 IU/mL. In
rare instances when central labs were not available, local lab values
were used. HBV genotyping was performed at the Molecular Epi-
demiology and Bioinformatics Laboratory in the Division of Viral
Hepatitis at the Centers for Disease Control and Prevention using
mass spectrometry as previously described (15,16).

Statistical analysis

Prerandomization (baseline) and prewithdrawal (week 192)
participant demographic, clinical, and virological characteristics
across the randomized arms were summarized with frequencies
and percentages and compared using thex2 or Fisher exact test for
categorical variables and were summarized with medians and
quartiles and compared using the Wilcoxon rank-sum test for
continuous variables. Time to HBsAg loss after TDF withdrawal
was analyzed using the Kaplan-Meier (KM) method, and results

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY
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are reported using estimated percent and corresponding 95%
confidence intervals (CIs). Rates of decline in the qHBsAg level
between weeks 144–192 (year preceding TDF withdrawal) and
weeks 192–240 (1 year post-TDF withdrawal) were determined
and compared between withdrawal and nonwithdrawal groups
using 2-sample t tests.

Time to anyALT elevation andALTflareswere analyzed using
KM curves and compared between treatment groups and by
pretreatment HBeAg status by log-rank tests. Predictors of ALT
flares over time were assessed using generalized linear mixed-
effects models, and covariates included pretreatment and pre-
withdrawal characteristics, concurrent and prior visit HBVDNA
and qHBsAg levels alongwith a subject-specific random intercept
to account for the correlation between repeated measures. The
results are presented as odds ratios (ORs) with corresponding
95% CIs and P values from the Wald test.

To evaluate the association between ALT elevations and sub-
sequent qHBsAg decline, mean qHBsAg decline from the time of
withdrawal was modeled using a linear mixed-effects model with
ALT elevation at the prior visit as the only covariate along with a
random intercept term. Results are reported as the least-square
means, 95% CIs with P values. Time to treatment reinitiation was
analyzed using KM curves, and the association between pre-
treatment andprewithdrawal characteristicswas investigatedusing
the Cox proportional hazard model, with results presented as
hazard ratios (HRs) with 95% CIs and P values.

The association between sustained IC or IA phenotypes and
prewithdrawal characteristics was ascertained using a relative risk
regression model, with results reported as relative risks and ad-
justed relative risks with 95% CIs and P values. Variables in the

multivariable model were those significant in the univariable
regression plus treatment arm, which was included a priori. To
analyze the binary outcome of safe withdrawal (no restart of
treatment, no ALT flare, and no transition to immune active
phase)within 1 year followingTDF cessation, a logistic regression
modelwas usedwith results expressed as odds ratios and 95%CIs.

Missing data were assumed missing at random, a valid ap-
proach for the parametric regression models used (linear mixed
models, relative riskmodels, or generalized linearmixedmodels).
KM, log-rank test, and the Cox proportional hazard models ap-
propriately handle random censoring.

Data were analyzed using SAS 9.4 (SAS Institute, Cary, NC)
and R (R Core Development Team, R Foundation for Statistical
Computing, Vienna, Austria). All P values reported are 2 sided.

RESULTS
Initial results leading to protocol amendment to exclude TDF

withdrawal in HBeAg1 or HBeAg2/anti-HBe2 participants

Among 25 participants withdrawn from TDF based on the initial
withdrawal criteria, severe, icteric hepatitis flares were observed in
the first 2 participants who were HBeAg1 at the time of TDF
withdrawal (see Supplementary Figure 2, Supplementary Digital
Content 2, http://links.lww.com/AJG/C857). Both participants
responded to reinitiation ofTDF; however, one required admission
tohospital. These severeoutcomes in conjunctionwith results from
another contemporary study outside of the HBRN led to the pro-
tocol amendment to require participants to be HBeAg2/anti-
HBe1 before withdrawal. Accordingly, 6 HBeAg1 participants
restarted treatment, and 8 HBeAg2/anti-HBe2 participants were
advised to restart treatment, of whomonly 3 agreed to retreatment.

Figure 1. Study schematic. Participants in the Hepatitis B Research Network IA trial were randomized to tenofovir treatment for 4 years with or without an
initial 6months of PegIFN treatment. Thosemeeting eligibility criteria for treatment withdrawal stopped tenofovir andwere followed off therapy. Retreatment
criteria are listed, and participants were followed for evaluation of changes in quantitativeHBsAg levels, ALT flares, andHBsAg loss off therapy. At the end of
the trial (48weeks after stopping therapy), thephenotype of chronicHBV infectionwas assessedusing the criteria shown for IA and ICs. Participantswhodid
notmeet the criteria for IA or IC were deemed indeterminate. ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IA,
immune active; IC, inactive carrier; PegIFN, peginterferon-a; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.
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Study population

Of 201 participants in the IA trial, 111 met the initial criteria for
TDF withdrawal. The most common reasons for not meeting the
withdrawal criteria were persistent HBeAg positivity (n 5 33
TDF and n5 25 TDF1 PegIFN arms) with a small number with

cirrhosis (n53TDFandn5 4TDF1PegIFN)orwhodeclined to
withdraw treatment (n 5 3 TDF and n 5 1 TDF 1 PegIFN)
(see Supplementary Figure 1, Supplementary Digital Content 1,
http://links.lww.com/AJG/C856). Of these 111, 6 participants who
were HBeAg1 and 3 who were HBeAg2/anti-HBe2 restarted on

Table 1. Characteristics of participants before treatment and at treatment withdrawal

TDF alone (n5 45)

n (%)/median (IQR)

TDF 1 PegIFN (n 5 52)

n (%)/median (IQR)

All participants (n 5 97)

N (%)/median (IQR) P value (TDF vs TDF1 PegIFN)

Male sex, n (%) 31 (68.9) 33 (63.5) 64 (66.0) 0.66

Age (study entry), yr 45.4 (38.4–55.1) 42.7 (35.2–52.5) 44.0 (37.1–54.2) 0.13

Race/ethnicity 0.85

Asian 35 (79.5) 44 (84.6) 79 (82.3)

White 4 (9.1) 4 (7.7) 8 (8.3)

Black 5 (11.4) 4 (7.7) 9 (9.4)

HBV genotype 0.24

A1 4 (8.9) 3 (5.8) 7 (7.2)

A2 4 (8.9) 2 (3.8) 6 (6.2)

B 19 (42.2) 25 (48.1) 44 (45.4)

C 10 (22.2) 19 (36.5) 29 (29.9)

D 5 (11.1) 1 (1.9) 6 (6.2)

E 3 (6.7) 2 (3.8) 5 (5.2)

At study entry (pretreatment)

HBeAg1 10 (22.2) 15 (28.8) 25 (25.8) 0.50

HBV DNA (log10IU/mL) 5.6 (4.9–6.6) 5.8 (4.6–6.6) 5.7 (4.7–6.6) 0.92

qHBsAg (log10IU/mL) 3.3 (2.9–4.0) 3.2 (2.8–4.0) 3.2 (2.8–4.0) 0.24

qHBsAg ,100 IU/mL 0 2 (3.8) 2 (2.1) 0.50

ALT 3 ULN 2.7 (2.0–4.8) 2.9 (1.9–4.4) 2.9 (2.0–4.5) 0.97

ALT 3 ULN 0.53

#1 0 (0.0) 2 (3.8) 2 (2.1)

.1–,3 25 (55.6) 25 (48.1) 50 (51.5)

$3–,5 9 (20.0) 14 (26.9) 23 (23.7)

$5–,10 9 (20.0) 7 (13.5) 16 (16.5)

$10 2 (4.4) 4 (7.7) 6 (6.2)

At treatment withdrawal

HBeAg1 or HBeAg2/anti-HBe2 4 (8.9) 5 (9.6) 9 (9.3) .0.99

HBV DNA (log10IU/mL) 0.8 (0.5–1.0) 0.9 (0.6–1.1) 0.8 (0.6–1.1) 0.19

qHBsAg (log10IU/mL) 3.2 (2.6–3.6) 2.8 (2.0–3.4) 2.9 (2.4–3.5) 0.15

qHBsAg ,100 IU/mL 5 (11.1) 14 (26.9) 19 (19–6) 0.07

ALT 3 ULN 1.1 (0.8–1.4) 1.0 (0.8–1.3) 1.1 (0.8–1.3) 0.38

ALT 3 ULN 0.21

#1 18 (40.0) 27 (52.9) 45 (46.9)

.1–,3 26 (57.8) 23 (45.1) 49 (51.0)

$3–,5 1 (2.2) 0 (0.0) 1 (1.0)

$5–,10 0 (0.0) 1 (2.0) 1 (1.0)

$10 0 (0.0) 0 (0.0) 0 (0.0)

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; IQR, interquartile range; PegIFN, peginterferon-a; qHBsAg, quantitative hepatitis B
surface antigen; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.
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TDF after the protocol amendment. Of 102 participants who
stopped treatment at week 192 and did not resume treatment due
to protocol amendment, 5 had sustained HBsAg loss before
treatment withdrawal, leaving 97 for this primary TDFwithdrawal
analysis.

Of these 97, 72 (74.2%) were HBeAg2 and 25 (25.8%) were
HBeAg1 before enrollment in the treatment trial; 45 (46.4%) had
been randomized toTDF alone and 52 (53.6%) toTDF1pegIFN;
64 (66.0%) were male with a median age of 44.0 years, 79 (82.3%)
were Asian, 9 (9.4%) were Black, and 8 (8.3%) were White. The
predominant HBV genotypes were B and C. The median pre-
treatment HBV DNA, qHBsAg, and ALT levels were 5.7 log10I-
U/mL, 3.2 log10IU/mL, and 2.93 ULN, respectively. At TDF
withdrawal (week 192), these levels were 0.8 log10IU/mL, 2.9
log10IU/mL, and 1.13 ULN, respectively. Most characteristics
were similar between the TDF and the TDF 1 PegIFN groups;
however, more participants in the TDF 1 PegIFN group
(14, 27%) hadHBsAg,100 IU/mL at the time ofTDFwithdrawal
than those in the TDF group (5, 11%, P 5 0.07) (Table 1).

HBsAg changes

HBsAg levels ranged from 0.18 to 5.28 log10IU/mL before
treatment withdrawal (week 192). HBsAg loss occurred in 5
(5.2%) participants after TDF withdrawal, 3 from the TDF
treatment group and 2 from the TDF 1 PegIFN treatment
group. Two participants lost HBsAg in the first year off
treatment, both at 25 weeks postwithdrawal, and had sub-
genotype A2 infection. Three other participants cleared
HBsAg at weeks 89, 98, and 119 after TDF withdrawal,
leading to a cumulative HBsAg loss rate of 2.1% (95% CI
0.0%–5.0%) at year 1 and 4.3% (95% CI 0.0%–9.5%) at year 2
(Figure 2). In the 2 participants with subgenotype A2, HBsAg
loss was immediately preceded by an ALT elevation (43 ULN
and 123 ULN), whereas milder ALT elevations were ob-
served in 2 of the other 3 with HBsAg loss that occurred after
year 1 (Table 2).

The mean qHBsAg level decrease after TDF withdrawal was not
significantly different by initial treatment arm or baseline HBeAg
status.MeanqHBsAg levelsdecreasedby0.09 log10 IU/mL in thefinal
year of treatment, compared with an increase of 0.14 log10 IU/mL in
the year after TDF withdrawal (P 5 0.18). Excluding those who
restarted treatment, the mean decrease in qHBsAg in the final
year of treatment was 0.10 log10 IU/mL compared with 0.24 log10
IU/mL in the year post-TDFwithdrawal (P5 0.053). In the cohort
who continued treatment, the decrease in qHBsAg between weeks
144 and 192 and between weeks 192 and 240 was similar, 0.13 and
0.14 log10 IU/mL, respectively. Mean qHBsAg declined fromweek
192 to week 240 in those continuing treatment but increased in
those with TDF withdrawal (20.14 vs10.14, P5 0.07), although
the direction was reversed in the latter when participants
who resumed treatment were excluded from that group (20.14
vs20.24, P5 0.27) (Table 3).

Excluding the 5 participants with HBsAg loss after treatment
cessation, the reduction in qHBsAg level was $0.5 log10IU/mL
in 13 (14.1%), including 2 (2.2%) with$2 and 3 (3.3%) with 1 to
,2 log10IU/mL reduction by 1 year of postwithdrawal follow-up.
Of 19 participants with qHBsAg levels,100 IU/mL at treatment
withdrawal, 4 lost HBsAg after treatment discontinuation, 2
within the first year and 2 after the first year of off-treatment
follow-up. The last participant who lost HBsAg (week 119) had
qHBsAg level 123 IU/mL at TDF withdrawal. At the end of
follow-up, 17 had HBsAg levels below 100 IU/mL including 5
with HBsAg loss.

Table 2. Characteristics of participants who lost HBsAg after treatment withdrawal

ID

Study

arm

HBeAg

at

baseline

HBV

genotype

qHBsAg (log10IU/mL) Time of HBsAg

loss since

withdrawal (wk)

Any ALT

elevation

Time of ALT

elevation since

withdrawal (wk)

Time since ALT

elevation to HBsAg

loss (wk)

ALT

flare

Peak ALT (3

ULN) after

withdrawalPrestudy

TDF

withdrawal

1 TDF Neg E 3.02 2.09 119 No No 1.27

2 TDF Pos A2 4.10 1.12 25 Yes 11 14 No 3.9

3 TDF Pos A2 4.91 1.17 25 Yes 11.7 13 Yes 12.27

4 TDF1

PegIFN

Neg B2 2.76 0.66 98 Yes 8.6 89 No 3.13

5 TDF1

PegIFN

Neg C5 2.54 1.79 89 Yes 8.4 81 No 4.33

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; PegIFN, peginterferon-a; qHBsAg, quantitative
hepatitis B surface antigen; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.

Figure 2. HBsAg loss after withdrawal. Participants were followed off
treatment, and the proportion with HBsAg loss over time is indicated.
HBsAg, hepatitis B surface antigen.
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Virological relapse

Following treatment withdrawal, HBV DNA became detectable in
95 (97.9%) participants. Peak HBV DNA exceeded 2,000 IU/mL in
82 (84.5%) participants and 100,000 IU/mL in 21 (21.6%) partici-
pants.Among thosewith initial virological relapse (n5 82), 4 (4.9%)
participants returned to persistently undetectableHBVDNAand 22
(26.8%) to persistent HBVDNA,2,000 IU/mL without treatment.
The cumulative virological relapse rate (HBVDNA.2,000 IU/mL)
at 1 year was 86% (see Supplementary Figure 3, Supplementary
Digital Content 3, http://links.lww.com/AJG/C858).

Of the 24 participants who were HBeAg1 pretreatment and
HBeAg2 at withdrawal, 6 (25.0%) experienced HBeAg seror-
eversion after treatment withdrawal (see Supplementary Table 1,
Supplementary Digital Content 4, http://links.lww.com/AJG/
C859), which occurred 9–37weeks post-TDFwithdrawal andwas
associated with ALT elevations in all. In 2 participants, HBeAg
seroreversion was transient and qHBeAg was undetectable at
subsequent time points, and neither was retreated; the other 4
were retreated, of whom 2 lost HBeAg again. Notably, 4 of the 6
with HBeAg seroreversions were in the TDF-alone group.

ALT elevations, predictive factors, and impact on qHBsAg levels

ALT elevations occurred in 67 (69.1%) participants after TDF
withdrawal, with most elevations occurring within 20 weeks
postwithdrawal (median 11 weeks postwithdrawal). ALT flares
were observed in 36 (37.1%) participants and most occurred
between weeks 8 and 16 post-TDFwithdrawal. After the protocol
amendment to exclude HBeAg1 and HBeAg2/anti-HBe2
participants, ALT elevations were not associated with jaundice or
other evidence of clinical decompensation. As seen in Figure 3,
ALT elevations were not affected by the initial treatment arm but
weremore frequent and occurred earlier in participants whowere
HBeAg2 before the initial treatment.

To better understand clinically relevant postwithdrawal ALT
elevations, factors associated with ALT flares were evaluated,
controlling for time since TDF withdrawal. Among pretreatment

factors, only older age (OR1.1 per year 95%CI 1.01–1.1,P5 0.01)
and higher HBV DNA (OR 1.4 per log10IU/mL, 95% CI 1.1–1.9,
P 5 0.02) were significantly associated. ALT, HBV DNA, and
qHBsAg levels at the time of TDF withdrawal were not signifi-
cantly associatedwith the likelihood ofALT flares; however, HBV
DNA and qHBsAg levels were higher at the time of ALT flares,
and higher HBV DNA levels at the visit prior were predictive of
ALT flares (OR 3.0 per log10IU/mL 95% CI 2.3–4.0, P, 0.0001).
HBV DNA .4 log10IU/mL at the prior visit was strongly asso-
ciated with a hepatitis flare at the next visit with an OR of 32.7
(95% CI 13.5–79.2, P , 0.0001) (Table 4); of those with HBV
DNA .4 log10IU/mL, 32.0% had an ALT flare at the next visit
compared with 1.9% with lower HBV DNA levels.

To determine whether ALT elevations were associated with
qHBsAg decline, the mean change in qHBsAg from week 192 to
week 240 was compared between participants without ALT ele-
vations, thosewithALT elevations,53ULN, and thosewithALT
flares. Participants without ALT elevations and with ALT ,53
ULN had greater mean decrease in qHBsAg levels (0.23 and 0.38
log10 IU/mL) than those with ALT flares (0.17 log10 IU/mL);
however, the differences were not statistically significant (see
Supplementary Table 2, Supplementary Digital Content 4, http://
links.lww.com/AJG/C859). The individual qHBsAg plots with and
without ALT flares post-TDF withdrawal are shown in Figure 4.

Treatment reinitiation

Treatment was restarted in 13 participants, most frequently due to
ALT.1,000 U/L with HBVDNA$10,000 IU/mL (n5 8) and/or
HBeAg seroreversion (n 5 6), with retreatment occurring within
19 weeks of TDF withdrawal in all but 1 participant. Two partici-
pants were retreated before meeting the protocol-defined retreat-
ment criteria: 1 with a peakALT of;23ULNand the otherwith a
peak ALT of;123ULN. Pretreatment HBeAg1 (HR 3.6, 95%CI
1.2–10.7, P 5 0.02) and higher pretreatment HBV DNA (per
log10IU/mL) (HR1.5, 95%CI1.04–2.2,P5 0.03)were significantly
associated with a higher likelihood of needing retreatment (see

Table 3. Changes in quantitative HBsAg levels over time with treatment withdrawal or continuation

Cohort

Mean qHBsAg change per year (log 10 IU/mL)

Weeks 144–192 (on TDF) Weeks 192–240 (postwithdrawal)

Weeks 144–192 vs weeks

192–240

Difference P value

1. Withdrawal cohort include all TDF

withdrawal and data before treatment restart

(n 5 97)a

20.09 0.14 20.19 0.18

2. Withdrawal cohort exclude those who

restarted treatment (n 5 84)b
20.10 20.24 0.14 0.053

3. Continued treatment cohort (n 5 77)c 20.13 20.14 0.01 0.87

P value 1 vs 3 0.35 0.07 0.19

P value 2 vs 3 0.51 0.27 0.18

HBsAg, hepatitis B surface antigen; qHBsAg, quantitative hepatitis B surface antigen; TDF, tenofovir disoproxil fumarate.
aWithdrawal but censoring at treatment restart. For those 13 who restarted treatment, qHBsAg change during weeks 192–240 was calculated as the change of qHBsAg
from week 192 to the date before the treatment restart date (among 97, only 90 patients had all week 144, 192, and 240 (or last date before the treatment restart date)
qHBsAg measured; therefore, the paired t test is based on these 90 patients).
bThirteen of 97 withdrawals with retreatment excluded (among 84, only 78 have qHBsAgmeasured at week 240; therefore, the paired t test is based on these 78 patients).
cPure continuation: all continued treatment throughout with no withdrawal (among 77, only 73 have qHBsAg measured at week 240; the paired t test is based on these 73
patients).
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Supplementary Table 3, Supplementary Digital Content 4, http://
links.lww.com/AJG/C859).After reinitiationofTDF therapy,HBV
DNA was suppressed, ALT normalized, and qHBsAg levels de-
clined to end-of-treatment levels with no HBsAg loss.

Clinical phenotype at the end of 48-week postwithdrawal follow-up

The clinical HBV phenotype was determined at the final 2 IA trial
visits (weeks 228 and240) in thosewith complete data (n593) and at
the last 2 visits in thosewith extended follow-up.At the end of the trial
(week240), a sustained ICphenotypewasobserved in13of93 (14.0%)
participants, an IA phenotype in 31 (33.3%), and indeterminant
phenotypes in 49 (52.7%). Of the 45 participants who completed 2
years of follow-uppost-TDFwithdrawal, 7 (15.6%)had a sustained IC

phenotype, 19 (42.2%)had an IA phenotype, and 19 (42.2%) had
an indeterminant phenotype. Features significantly associ-
ated with a sustained IC phenotype 1 year postwithdrawal
were HBeAg positivity at baseline (risk ratio 2.4, 95% CI
1.02–5.6, P 5 0.04) and qHBsAg ,100 IU/mL at withdrawal
(risk ratio 7.4, 95% CI 2.6–21.3, P 5 0.0002) (Table 5).

The occurrence of anyALT elevation in the year following TDF
withdrawal was associated with a higher likelihood of IA pheno-
type at the end of the study (48.4% vs 3.2%, P, 0.0001), as was the
occurrence of an ALT flare with 70.6% vs 11.9% (P , 0.0001)
ending in IA phenotype at the end of 1 year and 66.7% vs 25.9% (P
5 0.03) at the end of 2 years post-TDF withdrawal among those
with vs without flares. A total of 52 (53.6%) participants had no

Figure 3.Cumulative proportion with ALTelevation (any) and ALT flare (.53ULN) by subgroup. The cumulative proportion with any ALTelevation (A1/B1)
and with ALT flares (A2/B2) is shown by A. Initial treatment group by B. Baseline HBeAg status. P values shown are based on the log-rank test. ALT, alanine
aminotransferase; HBeAg, hepatitis B e antigen; PegIFN, peginterferon-a; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.
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clinical consequences to treatment withdrawal, defined as no need
for retreatment, no ALT flare, and not in the IA phase at the end of
the study (week 240). Factors significantly associated with safe
withdrawal included younger age at baseline and lower qHBsAg at
TDF withdrawal (see Supplementary Table 4, Supplementary
Digital Content 4, http://links.lww.com/AJG/C859). However, no
specific thresholds for age or qHBsAg could be identified that re-
liably allowed for safe TDF withdrawal.

DISCUSSION
NA withdrawal is increasingly being considered a therapeutic
strategy for chronicHBV infection. In this prospective study of 97
predominantly Asian participants with close monitoring and
strict criteria for treatment discontinuation and reinitiation, we
evaluated clinical outcomes after withdrawal of TDF following 4
years of therapy, with or without an initial 6 months of PegIFN.
HBsAg loss was infrequent, occurring in only 2.1% by 1 year and
4.3% by 2 years after TDF withdrawal. In addition, qHBsAg

declines $0.5 log10IU/mL occurred in only 19% by 1 year after
treatment withdrawal. ALT elevations were frequent, occurring
in 69% of participants but were not associated with increased
HBsAg decline or loss. ALT flares could be predicted by HBV
DNA .4 log10IU/mL at the prior visit, potentially allowing for
prevention of ALT flares with earlier retreatment.

As in previous studies (2,6,7,17), virological relapse following
NA withdrawal was frequent and typically occurred 4–12 weeks
after stopping therapywithHBVDNA increases usually preceding
ALT elevations. Reports of HBsAg loss after long-term NA with-
drawal in up to 20% of patients (7), sometimes preceded by ALT
flares, have led guidelines to suggest NA withdrawal as a possible
therapeutic strategy (12,18,19). It has been suggested that these
flares represent immune clearance of HBV andmight be viewed as
beneficial. To test the hypothesis that ALT elevationsmay promote
HBsAg loss, our retreatment criteria allowed for marked and rel-
atively prolonged ALT elevations. We did not observe any signif-
icant association between ALT elevation and HBsAg decline or
loss. In fact, greater declines in qHBsAg were seen in those with no
ormild ALT elevations. Furthermore, participants with ALT flares
were more likely to end up with active disease at the end of the
study. We found that participants who had an HBV DNA above 4
log10IU/mL were very likely to have a subsequent ALT elevation.
Reinitiation of antiviral therapy with HBV DNA levels above 4
log10IU/mLmayprevent clinically significantALT elevations given
their lack of association with HBsAg decline or loss.

Notably, the initial study protocol allowed for treatment with-
drawal in participants who remained HBeAg1 but met other
withdrawal criteria at the end of treatment.We observed rapid and
severe relapses in 2HBeAg1participantswhowithdrew therapy, 1
of which led to hospitalization. Following these events, the other 4
HBeAg1 participants who had withdrawn therapy were put back
on TDF without complication. We also observed 18 flares in 6
participants who were HBeAg2 but lacked anti-HBe at with-
drawal. All participants recovered with retreatment, but these data
highlight that if treatment withdrawal is considered, patients must
be HBeAg2 and anti-HBe1 without evidence of cirrhosis.

Results from previous treatment withdrawal studies have been
varied. The initial report fromHadziyannis and colleagues showed
that virological relapse was near universal but was usually followed
by spontaneous viral control and sometimesHBsAg loss, leading to
enthusiasm to evaluate NA withdrawal as a therapeutic approach
(2). Treatment reimbursement restrictions in Asia allowed for
evaluating treatment withdrawal in large numbers of patients with
rates of HBsAg loss varying from ,1% to 13% at 6 years
(3,5,20–22). Recently, data from multiple treatment discontinua-
tion cohorts have been compiled in the RETRACT-B collaboration
(3).With 1,552 patients and amedian of 18.4months of follow-up,
the authors found that HBsAg loss occurred in 3.2% by 1 year,
increasing to 13% by 4 years, and was more common in Whites
than Asians (subdistribution HR 6.8 95% CI 2.7–16.8, P, 0.001).
Similar to other studies, the qHBsAg level at the time ofwithdrawal
was a strong predictor of HBsAg loss, occurring in 43% with
qHBsAg,100 IU/mL compared with 1.1% in those with qHBsAg
levels above 1,000 IU/mL at NA withdrawal, with different
thresholds for Whites and Asian patients. The authors suggested
that NA withdrawal should be considered only in Asian patients
with HBsAg levels,100 IU/mL and White patients with HBsAg
levels,1,000 IU/mL.Weobserved only 5 participantswithHBsAg
loss after TDF withdrawal 2 in the first year and 3 between 89 and
119weekspostwithdrawal. Because so fewparticipants in our study

Table 4. Association of pretreatment, prewithdrawal, and

postwithdrawal factors with ALT flare after TDF withdrawala

Factors

Odds

ratio

95% confidence

interval P value

Week since withdrawala 0.99 0.98–1.00 0.01

Study arm (TDF 1 PegIFN

vs TDF)

0.54 0.24–1.25 0.15

Sex (female vs male) 1.31 0.55–3.14 0.54

Age at baseline (per year) 1.05 1.01–1.10 0.01

At baseline (pretreatment)

HBeAg status (negative

vs positive)

0.70 0.28–1.77 0.45

ALT (per ULN) 0.96 0.86–1.07 0.47

HBV DNA (per log10IU/mL) 1.40 1.06–1.85 0.02

qHBsAg (per log10IU/mL) 1.25 0.70–2.22 0.45

At treatment withdrawal

ALT (per ULN) 1.26 0.68–2.31 0.46

HBV DNA (per log10IU/mL) 1.53 0.65–3.63 0.33

qHBsAg (per log10IU/mL) 1.01 0.61–1.66 0.98

At visit concurrent with ALT flare

HBV DNA (per log10IU/mL) 2.74 2.20–3.40 ,0.0001

qHBsAg (per log10IU/mL) 5.97 1.87–19.09 0.003

At visit before ALT flare

HBV DNA (per log10IU/mL) 3.03 2.29–4.01 ,0.0001

HBV DNA (.4 vs#4

log10IU/mL)

32.72 13.52–79.20 ,0.0001

HBV DNA (.5 vs#5

log10IU/mL)

35.30 16.28–76.53 ,0.0001

qHBsAg (per log10IU/mL) 1.38 0.89–2.13 0.15

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B
virus; PegIFN, peginterferon-a; qHBsAg, quantitative hepatitis B surface
antigen; TDF, tenofovir disoproxil fumarate.
aAll estimates are from separate models adjusting for week since withdrawal
except for the week since withdrawal variable.
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cleared HBsAg, we were unable to evaluate predictors, although 4
of 5 who lostHBsAg after TDFwithdrawal had qHBsAg,100 IU/
mL at the time of withdrawal and qHBsAg was 123 IU/mL in the
fifth patient. Notably, 3 of 17 (17.6%) non-Asian participants lost
HBsAg compared with 2 of 79 (2.5%) Asian participants.

A major strength of our study was the standardized duration
(4 years) and type of NA treatment (TDF), detailed pretreatment
characterization, and prespecified, relatively stringent retreatment
criteria allowing for potential virological benefits of significantALT
flares. Our prospective data contrast with results from 2 pro-
spective trials in Europe (7,10) that included predominantly
Whites but are similar to another Asian-predominant trial in
Canada (6). Collectively, the data show that NA withdrawal rarely
leads to HBsAg loss among Asian patients. Although younger age
and lower qHBsAg levels were associated with lower risk of neg-
ative outcomes during follow-up, no specific thresholds could be
identified to predict safe withdrawal or HBsAg loss. Furthermore,
HBVDNA levels were higher in those who withdrew than in those
who remained on therapy, suggesting that participants may have
been better off remaining on TDF therapy.

Most studies in the literature focus on patients who were
HBeAg2 pretreatment. Our study is unique in that roughly 50%
of the participants were HBeAg1 pretreatment. Among
HBeAg1 participants who had seroconverted to anti-HBe at the
time of NA withdrawal, HBsAg loss was more common, and
ALT elevations were less frequent than in those who were
HBeAg2 pretreatment. Our findings are relevant not only for
current NA monotherapy but also for HBV therapeutic de-
velopment, particularly for strategies that rely on NA with-
drawal to enhance functional cure rates.

In the overall treatment trial, HBsAg loss was much more com-
mon in those with subgenotype A2 infection (7 of 12, 58.3%) than
with other genotypes (2 of 168, 1.2%). Two of the participants who
clearedHBsAg after TDFwithdrawal had genotypeA2 infection, and
both lost HBsAg by 25 weeks postwithdrawal compared with .89
weeks postwithdrawal in the 3 participantswith other genotypes who
cleared HBsAg. In both participants with subgenotype A2 infection,
an ALT elevation (peak 43ULN and 123ULN) immediately pre-
ceded HBsAg loss, whereas no or mild (,23ULN) ALT elevations
were seen in the others who cleared HBsAg. Understanding why the

Figure 4. Individual trajectories of qHBsAgafter TDFwithdrawal in thosewith andwithout anALT flare (.53ULN). Each line represents the change inqHBsAg
over timeafter treatmentwithdrawal.ThosewhoexperiencedanALT flare (.53ULN)after treatmentwithdrawal areshown in theupper panelwith the timingof
ALT flares indicated by a solid dot. In the bottom panel, qHBsAg values over time are shown for participants who did not experience an ALT flare post-TDF
withdrawal. ALT, alanine aminotransferase; qHBsAg, quantitative hepatitis B surface antigen; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.
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frequency and pattern of HBsAg loss appear to differ with sub-
genotype A2 should be a focus of future investigation.

The study has some relevant limitations. The formal off-
treatment follow-up was limited to 48 weeks; however, over half
the participants were followed beyond 96 weeks. Whether addi-
tional HBsAg loss would have occurred with additional follow-up
is unknown. The number of participants who lost HBsAg was
very limited precluding assessment of predictors of functional
cure with NA withdrawal. The low rate of HBsAg loss may have
been due to the large proportion of Asian participants, based on
the previous data showing significantly higher chance of HBsAg
loss in non-Asian individuals (3). Because of the large pre-
dominance of Asians in the study population, we were not able to
reliably assess the differences in outcome betweenAsian and non-
Asian populations.

In conclusion, this prospective study showed that withdrawal of
TDF after 4 years of therapy was associated with a low rate of
HBsAg decline or loss. ALT elevations after treatment withdrawal
were frequent but did not lead to HBsAg decline or loss and were
associated withmore active future disease. The results of this study
do not support NA withdrawal as a therapeutic strategy in a pre-
dominantly Asian North American population, but if it is con-
sidered, restarting treatment when HBV DNA levels rise above 4
log10IU/mL might prevent subsequent futile ALT flares.
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Table 5. Association of pretreatment, prewithdrawal, and postwithdrawal factors with a sustained inactive carrier phenotype at the end of
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Factors

Risk ratio (univariate) Adjusted risk ratioa

Risk ratio (95% CI) P value Risk ratio (95% CI) P value

Arm (TDF vs TDF1 PegIFN) 0.52 (0.17–1.56) 0.24 1.17 (0.36–3.75) 0.80

Female vs male 1.19 (0.42–3.34) 0.74

Others vs Asian 1.85 (0.64–5.34) 0.25

Age at baseline (per year) 0.98 (0.93–1.02) 0.30

At baseline (pretreatment)

HBeAg status (positive vs negative) 2.46 (0.92–6.61) 0.07 2.39 (1.02–5.58) 0.04

ALT (per ULN) 1.00 (0.94–1.06) 0.9995

HBV DNA (per log10IU/mL) 1.26 (0.88–1.80) 0.20

qHBsAg (per log10IU/mL) 1.02 (0.47–2.23) 0.95

At treatment withdrawal (week 192)

ALT (per ULN) 0.49 (0.13–1.79) 0.28

HBV DNA (per log10IU/mL) 0.68 (0.26–1.74) 0.42

qHBsAg (per log10IU/mL) 0.41 (0.25–0.69) 0.0007

qHBsAg (,100 IU/mL vs$100 IU/mL) 7.15 (2.67–19.17) ,0.0001 7.37 (2.55–21.30) 0.0002

Change from baseline to week 192

HBV DNA decline from baseline to week

192 (per log 10)

0.77 (0.54–1.09) 0.14

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; PegIFN, peginterferon-a; qHBsAg, quantitative hepatitis B surface antigen; TDF,
tenofovir disoproxil fumarate.
aAdjusted risk ratios are from multivariate regression with 3 selected variables: arm, HBeAg status at baseline, and qHBsAg (,100 IU/mL vs$100 IU/mL) at week 192.
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9. García-López M, Lens S, Pallett LJ, et al. Viral and immune factors
associated with successful treatment withdrawal in HBeAg-negative
chronic hepatitis B patients. J Hepatol 2021;74(5):1064–74.

10. Sonneveld MJ, Chiu SM, Park JY, et al. Probability of HBsAg loss after
nucleo(s)tide analogue withdrawal depends on HBV genotype and viral
antigen levels. J Hepatol 2022;76(5):1042–50.

11. GhanyMG, Perrillo R, Li R, et al. Characteristics of adults in the Hepatitis
B Research Network in North America reflect their country of origin and
hepatitis B virus genotype. Clin Gastroenterol Hepatol 2015;13(1):
183–92.

12. Terrault NA, Lok ASF, McMahon BJ, et al. Update on prevention,
diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B
guidance. Hepatology 2018;67(4):1560–99.

13. Terrault NA, Lok AS, Wahed A, et al. Randomized trial of 192 weeks of
tenofovirwith orwithout peginterferon alfa for the first 24weeks followed
by protocolized withdrawal in adults with chronic hepatitis B. Presented
at: The Liver Meeting, American Association for the Study of Liver
Disease; 2020.

14. Di Bisceglie AM, Lombardero M, Teckman J, et al. Determination of
hepatitis B phenotype using biochemical and serological markers. J Viral
Hepat 2017;24(4):320–9.

15. Ganova-Raeva L, Ramachandran S, Honisch C, et al. Robust hepatitis B
virus genotyping by mass spectrometry. Comparative Study Evaluation
Studies. J Clin Microbiol 2010;48(11):4161–8.

16. LauDTY,Ganova-Raeva L,Wang J, et al. Precore and basal core promoter
hepatitis B virus (HBV) variants are present from a young age and differ
across HBV genotypes. Hepatology 2021;73(5):1637–51.

17. Sohn HR, Min BY, Song JC, et al. Off-treatment virologic relapse and
outcomes of re-treatment in chronic hepatitis B patients who achieved
complete viral suppression with oral nucleos(t)ide analogs. BMC Infect
Dis 2014;14:439.

18. European Association for the Study of the Liver. Electronic address:
easloffice@easloffice.eu; European Association for the Study of the Liver.
EASL 2017 Clinical Practice Guidelines on themanagement of hepatitis B
virus infection. J Hepatol 2017;67(2):370–98.

19. Sarin SK, Kumar M, Lau GK, et al. Asian-Pacific clinical practice
guidelines on the management of hepatitis B: A 2015 update. Hepatol Int
2016;10(1):1–98.

20. Lee IC, Sun CK, Su CW, et al. Durability of nucleos(t)ide analogues
treatment in patients with chronic hepatitis B. Medicine (Baltimore)
2015;94(32):e1341.

21. Su CW,Wu CY, Lin JT, et al. Nucleos(t)ide analogue continuous therapy
associated with reduced adverse outcomes of chronic hepatitis B. J Chin
Med Assoc 2020;83(2):125–33.

22. Ma TL, Hu TH, Hung CH, et al. Incidence and predictors of retreatment
in chronic hepatitis B patients after discontinuation of entecavir or
tenofovir treatment. PLoS One 2019;14(10):e0222221.

This is anopenaccess articledistributedunder the termsof theCreativeCommons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND),
where it is permissible to download and share the work provided it is properly
cited. The work cannot be changed in any way or used commercially without
permission from the journal.

Study Highlights

WHAT IS KNOWN

3 Nucleos(t)ide analog (NA) therapy withdrawal is being
increasingly evaluated as a therapeutic strategy in chronic
hepatitis B virus (HBV) infection.

3 Outcomes after long-term NA withdrawal are uncertain.

WHAT IS NEW HERE

3 Hepatitis B surface antigen (HBsAg) loss or significant
decline was rare after NA withdrawal.

3 Alanine aminotransferase (ALT) flares occurred frequently
after NAwithdrawal but were not associated with subsequent
HBsAg loss or decline.

3 HBV DNA above 4 log10IU/mL after NA withdrawal was
associated with ALT flares at the following visit, potentially
allowing for reinitiation of therapy to prevent futile and
potentially harmful flares.
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