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Withdrawal of Long-Term Nucleotide Analog Therapy in
Chronic Hepatitis B: Outcomes From the Withdrawal
Phase of the HBRN Immune Active Treatment Trial

Jordan J. Feld, MD, MPH!2, Abdus S. Wahed, PhD3#, Michael Fried, MD®, Marc G. Ghany, MD®, Adrian M. Di Bisceglie, MD’,
Robert P. Perrillo, MD8, Mandana Khalili, MD®, Xue Yang, PhD3, Steven H. Belle, PhD34, Harry L.A. Janssen, MD, PhD'?,
Norah Terrault, MD'© and Anna S. Lok, MD*! for the Hepatitis B Research Network (HBRN)

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 years = an initial 6 months
of peginterferon-a (PeglFN) (NCT01369212) after which treatment was withdrawn.

METHODS: Eligible participants (hepatitis B e antigen [HBeAg]—/anti-HBe+, hepatitis B virus [HBV] DNA <103 IlU/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: Among 201 participants who received 4 years of treatment, 97 participants (45 TDF and 52 TDF + PeglFN
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
(>5x upper limit of normal) after TDF withdrawal occurred in 36 (37.1%) participants and occurred more
frequently and earlier in those HBeAg— compared with HBeAg+ at treatment initiation. ALT flares were
associated with older age and higher HBV DNA pretreatment and at the visit before the flare. ALT flares were
not significantly associated with HBsAg decline or loss but were associated with immune active disease at 1
year (70.6% vs 11.9%, P< 0.0001) and 2 years (66.7% vs 25.9%, P = 0.03) postwithdrawal. Treatment
reinitiation was 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
carefully monitored with reinitiation of therapy if levels rise above 4 log,olU/mL to reduce the risk of ALT
flares, as they were not associated with subsequent HBsAg decline or loss.
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INTRODUCTION are well tolerated and lead to potent suppression of viral replication,
The mainstay of treatment for chronic hepatitis B virus (HBV) in-  resulting in undetectable levels of HBV DNA in most treated patients,
fection is long-term treatment with nucleos(t)ide analogs (NAs). NAs which is associated with 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 association with 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 NA withdrawal 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 chronic HBV to 4 years of tenofovir
disoproxil fumarate (TDF) therapy with or without an initial 6
months of weekly peginterferon-o 2a (PegIFN).

METHODS

Participants

The HBRN is a clinical research network funded by the National
Institute of Diabetes, Digestive and Kidney Diseases with 21 clinical
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 (HBeAg+) or
negative (HBeAg—) with compensated liver disease who had not
previously received antiviral therapy for >24 weeks with alanine
aminotransferase (ALT) levels >1.5X 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 g
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 and HBV DNA <1,000 [U/mL from weeks
168-192 of TDF treatment, irrespective of HBeAg 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 to qualify for withdrawal. The protocol was 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
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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 >10X ULN with HBV
DNA =10,000 IU/mL on 3 occasions in a 4-week period, ALT
>5X ULN with HBV DNA =10,000 IU/mL on 3 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 >5X ULN.

The clinical phenotype was assessed at the end of the study at
week 240 (48 weeks post-TDF withdrawal) 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 HBeAg— with ALT < ULN and HBV DNA <1,000
IU/mL. The IA phenotype was defined as ALT >2X 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 detection of 0.3 TU/mL for HBeAgand 0.05 IU/mL for
HBsAg. HBV DNA testing was performed centrally by real-time
PCR (COBAS Ampliprep/COBAS TagMan 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 the x? 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
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Key indications for treatment reinitiation

1. INR>1.3, Bili>3.0 mg/dL, Dir Bili> 1.0 mg/dL

2. Clinical decompensation

3. ALT>1,000 U/L + HBV DNA > 10,000 IU/mL

4. HBV DNA > 10,000 IU/mL + ALT >10xULN on
3 occasions over 4-week period

5. HBV DNA 210,000 IU/mL + ALT >5xULN on

* HBeAg-neg/anti-HBe-pos

TDF alone (n=102) *  HBVDNA<10®IU/mL

Stop TDF (n=43)

3 occasions over 12-week period

* Nocirrhosis >

_ 48+ wks ﬁ

Continue TDF alone
(n=99)

Stop TDF (n=49) |

, 4

24 Wks sl 168 Wks m—f]

Assessment of: Assessment of

*  ALT flares HBV phenotype*
(>5x ULN)
¢ HBsAg loss

*HBV Phenotype Definitions

Immune Active

*  HBV DNA > 2,000 IU/mL

* ALT > 2x ULN or started
treatment

Inactive Carrier or Immune
Control:

* HBV DNA< 1,000 IU/mL

¢ ALT < 1x ULN or lost HBsAg

Figure 1. Study schematic. Participants in the Hepatitis B Research Network A trial were randomized to tenofovir treatment for 4 years with or without an
initial 6 months of PeglFN treatment. Those meeting eligibility criteria for treatment withdrawal stopped tenofovir and were followed off therapy. Retreatment
criteria are listed, and participants were followed for evaluation of changes in quantitative HBsAg levels, ALT flares, and HBsAg loss off therapy. At the end of
the trial (48 weeks after stopping therapy), the phenotype of chronic HBV infection was assessed using the criteria shown for IAand ICs. Participants who did
not meet 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; PeglFN, peginterferon-a; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.

are reported using estimated percent and corresponding 95%
confidence intervals (Cls). 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 ¢ tests.

Time toany ALT elevation and ALT flares were 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 HBV DNA
and qHBsAg levels along with a subject-specific random intercept
to account for the correlation between repeated measures. The
results are presented as odds ratios (ORs) with corresponding
95% Cls and P values from the Wald test.

To evaluate the association between ALT elevations and sub-
sequent gHBsAg 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% ClIs with P values. Time to treatment reinitiation was
analyzed using KM curves, and the association between pre-
treatment and prewithdrawal characteristics was investigated using
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% Cls and P values. Variables in the
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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 following TDF cessation, a logistic regression
model was used with results expressed as odds ratios and 95% Cls.

Missing data were assumed missing at random, a valid ap-
proach for the parametric regression models used (linear mixed
models, relative risk models, or generalized linear mixed models).
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 HBeAg+ or HBeAg—/anti-HBe— 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 HBeAg+ at the time of TDF
withdrawal (see Supplementary Figure 2, Supplementary Digital
Content 2, http://linksIww.com/AJG/C857). Both participants
responded to reinitiation of TDF; however, one required admission
to hospital. These severe outcomes in conjunction with results from
another contemporary study outside of the HBRN led to the pro-
tocol amendment to require participants to be HBeAg—/anti-
HBe+ before withdrawal. Accordingly, 6 HBeAg+ participants
restarted treatment, and 8 HBeAg—/anti-HBe— participants were
advised to restart treatment, of whom only 3 agreed to retreatment.

VOLUME 118 | JULY 2023 www.amjgastro.com
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Table 1. Characteristics of participants before treatment and at treatment withdrawal

TDF alone (n = 45) TDF + PeglFN (n = 52) All participants (n = 97)

n (%)/median (IQR) n (%)/median (IQR) N (%)/median (IQR) Pvalue (TDF vs TDF + PegIFN)
; Male sex, n (%) 31 (68.9) 33(63.5) 64 (66.0) 0.66
2 Age (study entry), yr 454 (38.4-55.1) 427 (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)
2 White 49.1) 40.7) 8(83)
g Black 5(11.4) 4(7.7) 9(9.4)
HBV genotype 0.24
Al 4(89) 3(5.8) 7(72)
A2 4(89) 2(38) 6(6.2)
S35 B 19 (42.2) 25(48.1) 44 (45 4)
52 c 10(22.2) 19 (36.5) 29(29.9)
5% D 5(11.1) 1(19) 662
53 E 367 2(38) 5(52)
éf ;L At study entry (pretreatment)
g = HBeAg+ 10(22.2) 15 (28.8) 25 (25.8) 0.50
xg HBV DNA (log;olU/mL) 5.6 (4.9-6.6) 5.8 (4.6-6.6) 5.7 (4.7-6.6) 092
25 qHBsAg (log;olU/mL) 33(2.9-40) 32(2.8-4.0) 32(2.8-4.0) 0.24
B E qHBsAg <100 IU/mL 0 2(38) 2(2.1) 0.50
5 é ALT X ULN 2.7(2.0-4.8) 29(1.9-4.4) 29(2.0-4.5) 097
28 ALT X ULN 0.53
g <1 000 2(38) 22.1)
E >1-<3 25 (55.6) 25 (48.1) 50 (51.5)
S =3-<5 9(20.0) 14(26.9) 23(23.7)
g =5 <10 9(20.0) 7(135) 16 (16.5)
g =10 2(4.4) 4(7.7) 6(6.2)
% At treatment withdrawal
HBeAg+ or HBeAg—/anti-HBe— 4(8.9) 5(9.6) 9(9.3) >0.99
HBV DNA (log;olU/mL) 0.8 (0.5-1.0) 0.9 (0.6-1.1) 0.8(0.6-1.1) 0.19
qHBsAg (logyolU/mL) 3.2(2.6-3.6) 2.8(2.0-3.4) 29(2.4-3.5) 0.15
qHBsAg <100 IU/mL 5(11.1) 14 (26.9) 19 (19-6) 0.07
ALT X ULN 1.1(0.8-1.4) 1.0(0.8-13) 1.1(0.8-13) 038
ALT X ULN 021
=1 18 (40.0) 27 (52.9) 45 (46.9)
>1-<3 26 (57.8) 23(45.1) 49 (51.0)
=3-<5 122 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; PeglFN, peginterferon-a; gHBsAg, quantitative hepatitis B

surface antigen; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.

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 = 33
TDF and n = 25 TDF + PegIFN arms) with a small number with

cirrhosis (n = 3 TDF and n = 4 TDF + PegIEN) or who declined to
withdraw treatment (n = 3 TDF and n = 1 TDF + PegIFN)
(see Supplementary Figure 1, Supplementary Digital Content 1,
http://links.Iww.com/AJG/C856). Of these 111, 6 participants who
were HBeAg+ and 3 who were HBeAg—/anti-HBe— restarted on
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Strata All
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éo 15
o 12.6%
(]
>0.10
°
E 0.05
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I5] 2.1%
0.00
0 24 48 72 9% 120
Time since withdrawal (weeks)
Number at risk
97 9 87 64 37 17
Cumulative number of events
0 0 2 2 3 5

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.

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 TDF withdrawal
analysis.

Of these 97, 72 (74.2%) were HBeAg— and 25 (25.8%) were
HBeAg+ before enrollment in the treatment trial; 45 (46.4%) had
been randomized to TDF alone and 52 (53.6%) to TDF + pegIFN;
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 log;,l-
U/mL, 3.2 log;oIU/mL, and 2.9X ULN, respectively. At TDF
withdrawal (week 192), these levels were 0.8 log;oIU/mL, 2.9
log;oIU/mL, and 1.1X ULN, respectively. Most characteristics
were similar between the TDF and the TDF + PegIEN groups;
however, more participants in the TDF + PegIFN group
(14,27%) had HBsAg <100 IU/mL at the time of TDF withdrawal
than those in the TDF group (5, 11%, P = 0.07) (Table 1).

HBsAg changes

HBsAg levels ranged from 0.18 to 5.28 log;oIU/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 + 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 (4X ULN
and 12X 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. Mean qHBsAg levels decreased by 0.09 log; , IU/mL in the final
year of treatment, compared with an increase of 0.14 log; IU/mL in
the year after TDF withdrawal (P = 0.18). Excluding those who
restarted treatment, the mean decrease in qHBsAg in the final
year of treatment was 0.10 log; o IU/mL compared with 0.24 log; o
IU/mL in the year post-TDF withdrawal (P = 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 log; o IU/mL, respectively. Mean qHBsAg declined from week
192 to week 240 in those continuing treatment but increased in
those with TDF withdrawal (—0.14 vs +0.14, P = 0.07), although
the direction was reversed in the latter when participants
who resumed treatment were excluded from that group (—0.14
vs —0.24, P = 0.27) (Table 3).

Excluding the 5 participants with HBsAg loss after treatment
cessation, the reduction in qHBsAg level was =0.5 log;,IU/mL
in 13 (14.1%), including 2 (2.2%) with =2 and 3 (3.3%) with 1 to
<2log;oIU/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 TU/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

HBeAg qHBsAg (log10lU/ML)  Time of HBsAg

Study at HBV TDF loss since

ID arm Dbaseline genotype Prestudy withdrawal withdrawal (wk)

1 TDF Neg B 3.02 2.09 119

2 TDF Pos A2 4.10 1.12 25

3 TDF Pos A2 491 1.17 25

4 TDF + Neg B2 2.76 0.66 98
PeglFN

5 TDF + Neg 5] 2.54 1.79 89
PeglFN

Time of ALT Time since ALT Peak ALT (x

Any ALT  elevation since  elevation to HBsAg ALT ULN) after
elevation  withdrawal (wk) loss (wk) flare withdrawal

No No 1.27

Yes 11 14 No 39

Yes 11.7 13 Yes 12.27

Yes 8.6 89 No 3.13

Yes 8.4 81 No 4.33

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; PeglFN, peginterferon-a; gHBsAg, quantitative
hepatitis B surface antigen; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.
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Table 3. Changes in quantitative HBsAg levels over time with treatment withdrawal or continuation

Mean qHBsAg change per year (log 10 1U/mL)

Cohort Weeks 144-192 (on TDF)
1. Withdrawal cohort include all TDF -0.09
withdrawal and data before treatment restart

(n=97)2

2. Withdrawal cohort exclude those who -0.10

restarted treatment (n = 84)®

3. Continued treatment cohort (n = 77)¢ -0.13

Pvalue 1vs 3 0.35

Pvalue 2 vs 3 0.51

Weeks 144-192 vs weeks

192-240
Weeks 192-240 (postwithdrawal) Difference Pvalue
0.14 -0.19 0.18
-0.24 0.14 0.053
-0.14 0.01 0.87
0.07 0.19
0.27 0.18

HBsAg, hepatitis B surface antigen; gHBsAg, quantitative hepatitis B surface antigen; TDF, tenofovir disoproxil fumarate.
AWithdrawal but censoring at treatment restart. For those 13 who restarted treatment, gHBsAg 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)

gHBsAg measured; therefore, the paired ttest is based on these 90 patients).

SThirteen of 97 withdrawals with retreatment excluded (among 84, only 78 have qHBsAg measured at week 240; therefore, the paired ttest is based on these 78 patients).
“Pure continuation: all continued treatment throughout with no withdrawal (among 77, only 73 have gHBsAg measured at week 240; the paired ttest is based on these 73

patients).

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 those with initial virological relapse (n = 82), 4 (4.9%)
participants returned to persistently undetectable HBV DNA and 22
(26.8%) to persistent HBV DNA <2,000 IU/mL without treatment.
The cumulative virological relapse rate (HBV DNA >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 HBeAg+ pretreatment and
HBeAg— 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 9-37 weeks post-TDF withdrawal and was
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-TDF withdrawal. After the protocol
amendment to exclude HBeAg+ and HBeAg—/anti-HBe—
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
were more frequent and occurred earlier in participants who were
HBeAg— 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 (OR 1.1 per year 95% CI 1.01-1.1, P = 0.01)
and higher HBV DNA (OR 1.4 per log;oIU/mL, 95% CI 1.1-1.9,
P = 0.02) were significantly associated. ALT, HBV DNA, and
qHBsAg levels at the time of TDF withdrawal were not signifi-
cantly associated with the likelihood of ALT 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 log;oIU/mL 95% CI 2.3-4.0, P < 0.0001).
HBV DNA >4 log;oIU/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 log;oIU/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, those with ALT elevations <<5X ULN, and those with ALT
flares. Participants without ALT elevations and with ALT <5X
ULN had greater mean decrease in qHBsAg levels (0.23 and 0.38
log;o IU/mL) than those with ALT flares (0.17 log;q 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 HBV DNA =10,000 IU/mL (n = 8) and/or
HBeAg seroreversion (n = 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 peak ALT of ~2X ULN and the other with a
peak ALT of ~12X ULN. Pretreatment HBeAg+ (HR 3.6, 95% CI
1.2-10.7, P = 0.02) and higher pretreatment HBV DNA (per
log;oIU/mL) (HR 1.5,95% CI 1.04-2.2, P = 0.03) were significantly
associated with a higher likelihood of needing retreatment (see
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Figure 3. Cumulative proportion with ALT elevation (any) and ALT flare (>5X ULN) by subgroup. The cumulative proportion with any ALT elevation (A1/B1)
and with ALT flares (A2/B2) is shown by A. Initial treatment group by B. Baseline HBeAg status. Pvalues shown are based on the log-rank test. ALT, alanine
aminotransferase; HBeAg, hepatitis B e antigen; PeglFN, peginterferon-a; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.

Supplementary Table 3, Supplementary Digital Content 4, http://
links.Iww.com/AJG/C859). After reinitiation of TDF 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 and 240) in those with complete data (n = 93) and at
the last 2 visits in those with extended follow-up. At the end of the trial
(week 240), a sustained IC phenotype was observed in 13 of 93 (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-up post-TDF withdrawal, 7 (15.6%) had a sustained IC

The American Journal of GASTROENTEROLOGY

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 = 0.04) and qHBsAg <100 IU/mL at withdrawal
(risk ratio 7.4, 95% CI 2.6-21.3, P = 0.0002) (Table 5).

The occurrence of any ALT 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
= 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

VOLUME 118 | JULY 2023 www.amjgastro.com
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Table 4. Association of pretreatment, prewithdrawal, and
postwithdrawal factors with ALT flare after TDF withdrawal®

Odds 95% confidence
Factors ratio interval Pvalue
Week since withdrawal® 0.99 0.98-1.00 0.01
Study arm (TDF + PeglIFN 0.54 0.24-1.25 0.15
vs TDF)
Sex (female vs male) 131 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 0.70 0.28-1.77 0.45
Vs positive)
ALT (per ULN) 0.96 0.86-1.07 0.47
HBV DNA (per log;olU/mL)  1.40 1.06-1.85 0.02
qHBsAg (per log;olU/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 log;olU/mL)  1.53 0.65-3.63 0.33
qHBsAg (per logyolU/mL) 1.01 0.61-1.66 0.98
At visit concurrent with ALT flare
HBV DNA (per logiolU/mL)  2.74 2.20-3.40 <0.0001
qHBsAg (per log;olU/mL) 5.97 1.87-19.09 0.003
At visit before ALT flare
HBV DNA (per log;olU/mL)  3.03 2.29-4.01 <0.0001
HBV DNA (>4 vs =4 32.72 13.52-79.20 <0.0001
logy0lU/mL)
HBV DNA (>5vs =5 35.30 16.28-76.53 <0.0001
logy0lU/mL)
qHBsAg (per log;olU/mL) 1.38 0.89-2.13 0.15

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B

virus; PeglFN, peginterferon-a; gHBsAg, quantitative hepatitis B surface
antigen; TDF, tenofovir disoproxil fumarate.

2All estimates are from separate models adjusting for week since withdrawal
except for the week since withdrawal variable.

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.Iww.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 chronic HBV 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, gHBsAg

Withdrawal of Long-Term NA Therapy

declines =0.5 log;oIU/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 log;oIU/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 therapy with HBV DNA 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 and might be viewed as
beneficial. To test the hypothesis that ALT elevations may 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
or mild 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
log;oIU/mL were very likely to have a subsequent ALT elevation.
Reinitiation of antiviral therapy with HBV DNA levels above 4
log;,IU/mL may prevent clinically significant ALT 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 HBeAg+ but met other
withdrawal criteria at the end of treatment. We observed rapid and
severe relapses in 2 HBeAg+ participants who withdrew therapy, 1
of which led to hospitalization. Following these events, the other 4
HBeAg+ participants who had withdrawn therapy were put back
on TDF without complication. We also observed 18 flares in 6
participants who were HBeAg— 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 HBeAg— and anti-HBe+ without evidence of cirrhosis.

Results from previous treatment withdrawal studies have been
varied. The initial report from Hadziyannis and colleagues showed
that virological relapse was near universal but was usually followed
by spontaneous viral control and sometimes HBsAg 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 a median of 18.4 months 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 of withdrawal
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. We observed only 5 participants with HBsAg
loss after TDF withdrawal 2 in the first year and 3 between 89 and
119 weeks postwithdrawal. Because so few participants in our study
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Figure 4. Individual trajectories of gHBsAg after TDF withdrawal in those with and withoutan ALT flare (>5X ULN). Each line represents the change in gHBsAg
over time aftertreatment withdrawal. Those who experienced an ALT flare (>5X ULN) after treatment withdrawal are shown in the upper panel with the timing of
ALT flares indicated by a solid dot. In the bottom panel, gHBsAg values over time are shown for participants who did not experience an ALT flare post-TDF
withdrawal. ALT, alanine aminotransferase; gHBsAg, quantitative hepatitis B surface antigen; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.

cleared HBsAg, we were unable to evaluate predictors, although 4
of 5 who lost HBsAg after TDF withdrawal 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 significant ALT
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,
HBV DNA 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.

The American Journal of GASTROENTEROLOGY

Most studies in the literature focus on patients who were
HBeAg— pretreatment. Our study is unique in that roughly 50%
of the participants were HBeAg+ pretreatment. Among
HBeAg+ 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
HBeAg— 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
cleared HBsAg after TDF withdrawal had genotype A2 infection, and
both lost HBsAg by 25 weeks postwithdrawal compared with >89
weeks postwithdrawal in the 3 participants with other genotypes who
cleared HBsAg. In both participants with subgenotype A2 infection,
an ALT elevation (peak 4X ULN and 12X ULN) immediately pre-
ceded HBsAg loss, whereas no or mild (<2X ULN) ALT elevations
were seen in the others who cleared HBsAg. Understanding why the
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Table 5. Association of pretreatment, prewithdrawal, and postwithdrawal factors with a sustained inactive carrier phenotype at the end of

the study (week 240 from randomization)

Risk ratio (univariate)

Adjusted risk ratio®

Factors

Arm (TDF vs TDF + PeglFN) 0.52 (0.17-1.56)
1.19 (0.42-3.34)
1.85 (0.64-5.34)

0.98 (0.93-1.02)

Female vs male

Others vs Asian

Age at baseline (per year)
At baseline (pretreatment)
2.46 (0.92-6.61)
1.00 (0.94-1.06)
1.26 (0.88-1.80)
1.02 (0.47-2.23)

HBeAg status (positive vs negative)
ALT (per ULN)
HBV DNA (per log;olU/mL)
qHBsAg (per logyolU/mL)
At treatment withdrawal (week 192)
ALT (per ULN)
HBV DNA (per log;olU/mL)
qHBsAg (per logyolU/mL)
qHBsAg (<100 IU/mL vs =100 IU/mL)

Change from baseline to week 192

0.49 (0.13-1.79)
0.68 (0.26-1.74)
0.41 (0.25-0.69)
7.15(2.67-19.17)

HBV DNA decline from baseline to week 0.77 (0.54-1.09)

192 (per log 10)

Risk ratio (95% ClI)

Pvalue
0.80

Pvalue
0.24
0.74
0.25
0.30

Risk ratio (95% CI)
1.17 (0.36-3.75)

0.07
0.9995
0.20
0.95

2.39 (1.02-5.58) 0.04

0.28
0.42
0.0007
<0.0001

7.37 (2.55-21.30) 0.0002

0.14

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; PeglFN, peginterferon-a; gHBsAg, quantitative hepatitis B surface antigen; TDF,

tenofovir disoproxil fumarate.

@Adjusted risk ratios are from multivariate regression with 3 selected variables: arm, HBeAg status at baseline, and gHBsAg (<100 IU/mL vs =100 IU/mL) at week 192.

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 HBsAgloss 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 between Asian 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 with more 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
log;0IU/mL might prevent subsequent futile ALT flares.
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WHAT IS KNOWN

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

Outcomes after long-term NA withdrawal are uncertain.

WHAT IS NEW HERE

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

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

/ HBV DNA above 4 log;olU/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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