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Highlights
� The HBV core inhibitor vebicorvir (VBR) + NrtI was

evaluated in phase II studies.

� Long-term VBR + NrtI is generally well tolerated in pa-
tients with chronic HBV infection.

� Reductions in HBV DNA and pgRNA were observed with
long-term VBR + NrtI treatment.

� In patients who stopped treatment, a sustained virologic
response was not observed.

� Drug–drug interactions and viral resistance were not
observed in this study.

Impact and implications
Approved treatments for chronic hepatitis B virus infection (cHBV)
suppress viral replication, but viral rebound is almost always observed
after treatment discontinuation, highlighting an unmet need for
improved therapies with finite treatment duration producing greater
therapeutic responses that can be sustained off treatment. First-
generation core inhibitors, such as vebicorvir, have mechanisms of ac-
tion orthogonal to standard-of-care therapies that deeply suppress HBV
viral replication during treatment; however, to date, durable virologic
responses have not been observed after treatment discontinuation. The
results reported here will help researchers with the design and inter-
pretation of future studies investigating core inhibitors as possible
components of finite treatment regimens for patients with cHBV. It is
possible that next-generation core inhibitors with enhanced potency
may produce deeper and more durable antiviral activity than first-
generation agents, including vebicorvir.

https://doi.org/10.1016/j.jhepr.2023.100999
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Background & Aims: The investigational first-generation core inhibitor vebicorvir (VBR) demonstrated safety and antiviral
activity over 24 weeks in two phase IIa studies in patients with chronic HBV infection. In this long-term extension study,
patients received open-label VBR with nucleos(t)ide reverse transcriptase inhibitors (NrtIs).
Methods: Patients in this study (NCT03780543) previously received VBR + NrtI or placebo + NrtI in parent studies 201
(NCT03576066) or 202 (NCT03577171). After receiving VBR + NrtI for >−52 weeks, stopping criteria (based on the treatment
history and hepatitis B e antigen status in the parent studies) were applied, and patients either discontinued both VBR + NrtI,
discontinued VBR only, or continued both VBR + NrtI. The primary efficacy endpoint was the proportion of patients with HBV
DNA <20 IU/ml at 24 weeks off treatment.
Results: Ninety-two patients entered the extension study and received VBR + NrtI. Long-term VBR + NrtI treatment led to
continued suppression of HBV nucleic acids and, to a lesser extent, HBV antigens. Forty-three patients met criteria to dis-
continue VBR + NrtI, with no patients achieving the primary endpoint; the majority of virologic rebound occurred >−4 weeks
off treatment. Treatment was generally well tolerated, with few discontinuations due to adverse events (AEs). There were no
deaths. Most AEs and laboratory abnormalities were related to elevations in alanine aminotransferase and occurred during
the off-treatment or NrtI-restart phases. No drug–drug interactions between VBR + NrtI and no cases of treatment-emergent
resistance among patients who adhered to treatment were observed.
Conclusions: Long-term VBR + NrtI was safe and resulted in continued reductions in HBV nucleic acids following completion
of the 24-week parent studies. Following treatment discontinuation, virologic relapse was observed in all patients. This first-
generation core inhibitor administered with NrtI for at least 52 weeks was not sufficient for HBV cure.
Clinical trial number: NCT03780543.
Impact and implications: Approved treatments for chronic hepatitis B virus infection (cHBV) suppress viral replication, but
viral rebound is almost always observed after treatment discontinuation, highlighting an unmet need for improved therapies

with finite treatment duration producing greater therapeutic
responses that can be sustained off treatment. First-
generation core inhibitors, such as vebicorvir, have mecha-
nisms of action orthogonal to standard-of-care therapies that
deeply suppress HBV viral replication during treatment;
however, to date, durable virologic responses have not been
observed after treatment discontinuation. The results re-
ported here will help researchers with the design and inter-
pretation of future studies investigating core inhibitors as
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possible components of finite treatment regimens for patients with cHBV. It is possible that next-generation core inhibitors
with enhanced potency may produce deeper and more durable antiviral activity than first-generation agents, including
vebicorvir.
© 2024 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Chronic HBV infection (cHBV) represents a significant public
health burden. Worldwide, �296 million people have cHBV, and
�900,000 die annually from HBV-related causes, primarily from
complications of cirrhosis and/or hepatocellular carcinoma.1–3

Effective cHBV treatment is essential to reduce these risks. Cur-
rent treatment includes finite injectable IFNa and chronic oral
nucleos(t)ide reverse transcriptase inhibitors (NrtIs). IFNa4,5 and
NrtIs6,7 both demonstrate on-treatment antiviral activity, but
durable off-treatment virologic responses are rare. For thera-
peutic regimens to achieve ‘functional cure’ (defined as sustained
suppression of HBV DNA <lower limit of quantification [LLOQ] for
>−6 months post-treatment and undetectable HBsAg with/
without HBsAg seroconversion),8 novel combination approaches
incorporating mechanisms complementary to existing treat-
ments are needed.

Vebicorvir (VBR) is an investigational, novel, pangenotypic,
first-generation core inhibitor that inhibits HBV replication via
mechanisms distinct from NrtIs: inhibition of pregenomic RNA
(pgRNA) encapsidation, which prevents assembly and release of
viral particles, and disruption of viral capsids, which prevents the
formation of covalently closed circular (ccc)DNA. In phase IIa
studies, when combined with NrtIs, VBR led to deeper reductions
in HBV DNA and pgRNA vs. NrtI monotherapy over 24 weeks of
treatment in both virologically-suppressed (VS; study 201)9 and
treatment-naive (TN; study 202)10 patients with cHBV. However,
mean reductions in HBsAg in patients who received VBR + NrtI in
studies 201 and 202 were not significantly different from pa-
tients who received placebo (PBO) + NrtI. This report presents
the results of an open-label, long-term extension in which pa-
tients who previously participated in study 201 or 202 received
VBR + NrtI for up to 148 weeks.

Patients and methods
Study population and design
Study 211 was a phase II, open-label, multicentre extension study
(NCT03780543) evaluating the safety and efficacy of VBR + NrtI
in patients with cHBV who had previously completed 24 weeks
of treatment in either study 201 (NCT03576066)9 or 202
(NCT03577171).10 Patients were enrolled from 24 sites in the
USA, Canada, Hong Kong, New Zealand, and the UK. Complete
inclusion and exclusion criteria and details on treatment
compliance are provided in the Supplementary materials.

All patients in study 211 received open-label 300 mg VBR
(Assembly Biosciences, Inc., South San Francisco, CA, USA),
administered as three 100-mg tablets once daily along with
standard-of-care NrtI per the manufacturer’s instructions. The
VBR dose regimen was the same as that used in the parent
studies, which was determined from the phase Ib study.11 Most
patients from study 201 took tenofovir disoproxil fumarate or
tenofovir alafenamide as their NrtI at baseline, whereas all pa-
tients from study 202 received entecavir (ETV) along with VBR or
PBO.

Patients could be treated for up to 148 weeks. The actual
duration of treatment for each patient in study 211 was based on
their respective HBV treatment history (i.e. VS or TN) and HBeAg
status (positive or negative) at baseline in their parent study,
along with their individual virologic response in study 211 at
Week (W) 52. Based on these factors, each patient was assigned
to one of three protocol-specified treatment actions (TAs): dis-
continue both VBR + NrtI, discontinue VBR only and continue
NrtI alone, or continue both VBR + NrtI (Table S1).

Individual safety and virologic responses in study 211 were
influenced by patient characteristics at baseline in the parent
studies and the respective treatments received—that is, VBR + NrtI
or PBO+NrtI. Therefore, data fromstudy211are reportedaccording
to HBeAg status and treatment assignment in the parent study.
Additionally, study 211 data are reported from three treatment
phases: ‘on-treatment’, during VBR + NrtI therapy; ‘off-treatment’,
for patientswhodiscontinuedVBR+NrtI; and ‘afterNrtI restart’, for
patients requiring reintroduction of antivirals after stopping both
VBR + NrtI (Table S2). The study design is shown in Fig. S1.

This study was conducted in accordance with the principles of
the Declaration of Helsinki, Council for International Organiza-
tions of Medical Sciences International Ethical Guidelines, and
applicable Good Clinical Practice guidelines. Investigative sites
obtained written informed consent before patients were
enrolled.

Endpoints
The primary endpoint was the proportion of patients with HBV
DNA <20 IU/ml (LLOQ) at 24 weeks off treatment. Secondary
endpoints included incidence of adverse events (AEs), premature
discontinuations as a result of AEs, abnormal safety laboratory
results, proportion of patients with abnormal alanine amino-
transferase (ALT) at study 211 baseline who achieved normal ALT
at end of treatment (EOT) and end of study (EOS), and incidence
of viral rebound off treatment. A complete list of exploratory
endpoints is included in the Supplementary material.

Safety assessments
Primary safety assessments included the number of AEs, defined
as any untoward medical occurrence in a treated patient
regardless of the causal relationship with treatment. The severity
of each AE and laboratory abnormality was assessed by the
investigator according to the Division of AIDS Toxicity Grading of
Laboratory Abnormalities and Clinical AEs. Additional definitions
of AEs are described in the Supplementary material. Full sched-
ules of efficacy, safety, and pharmacokinetic (PK) assessments
are described in Tables S3–S6 and the Supplementary material.

Assays
Methodological details for measuring HBV DNA, HBV pgRNA,
total nucleic acids (TNA; HBV DNA + pgRNA), and antigens are
described in the Supplementary material.

To assess for potential HBV sequence changes associated with
viral resistance or blunted treatment response, serum samples
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from patients with on-treatment viral rebound (>−1 log10 HBV
DNA increase from the on-treatment nadir) were selected for
sequencing of HBV core and polymerase/reverse transcriptase
genes. Plasma samples quantifying VBR and NrtI concentrations
were collected predose at W48 and analysed at the bioanalytical
laboratory (Agilex, Thebarton, Australia) using validated
methodologies.

Statistical analysis
Baseline characteristics and demographics were summarised
using the all-enrolled analysis set, which included all patients
enrolled in study 211. Efficacy-related endpoints were assessed
using the full analysis set, which included all patients who
received any dose of study drug and had at least one postdose
assessment for the endpoint of interest.

The safety population included all patients who received at
least one dose of study drug. PK evaluation included all patients
in the safety population who had available VBR or NrtI PK data.
Sample size was not based on statistical considerations and
consequently descriptive statistics are used throughout. Statis-
tical analyses were performed using SAS version 9.4 (SAS Insti-
tute, Cary, NC, USA).

Results
Patient disposition
Overall, 92/98 (94%) patients (69/73 [95%] from study 201; 23/25
[92%] from study 202) were enrolled between December 2018
and June 2019. Patient disposition is shown in Fig. 1. All enrolled
patients received VBR + NrtI during the on-treatment phase.
Forty-three of 69 (62%) patients from study 201 discontinued
VBR + NrtI during study 211, with 18/69 (26%) discontinuing VBR
and continuing NrtI. Of the 43 patients from study 201 who
discontinued VBR + NrtI, 30/43 (70%) restarted NrtI after
discontinuation, with nine of 43 (21%) remaining off treatment at
EOS. No patients from study 202 discontinued both VBR + ETV,
with six of 23 (26%) discontinuing VBR and continuing ETV. The
duration of time patients spent in the on- and off-treatment
phase is described in the Supplementary material.

Baseline demographics and disease characteristics
At study 211 baseline, overall mean age was 44 years, with 62/92
(67%) patients aged <50 years. Most patients were male (52/92;
57%) and Asian (80/92; 87%). Some baseline demographics varied
according to the respective parent study, with greater pro-
portions of patients originating from study 201 being older
(mean age 46 vs. 36 years) and male (64% vs. 35%) vs. those from
study 202 (Table S7). Additional baseline disease characteristics
for patients in study 211 are shown in Table S8 and described in
further detail in the Supplementary material.

Primary efficacy endpoint
Forty-three patients (20 HBeAg-positive, 23 HBeAg-negative)
from study 201 met the protocol-specified TA criteria to discon-
tinue VBR + NrtI. Following discontinuation, all patients experi-
enced virologic relapse with no patients achieving HBV DNA
<LLOQ at 24 weeks off treatment (Fig. 2). Of the patients who
were HBeAg-negative, 16/23 (70%) relapsed by the 4W follow-up
visit, whereas seven of 23 (30%) relapsed by the 12W or 16W
follow-up visits. Of the patients who were HBeAg-positive, 17/18

(94%) relapsed by the 4W follow-up visit (one patient had
relapsed by the 12W follow-up visit). No patients from study 202
met the TA criteria to discontinue VBR + ETV.

Changes in HBV nucleic acids and antigens during the on-
treatment phase
Among patients who were HBeAg-negative who received PBO +
NrtI and VBR + NrtI in study 201, most had HBV DNA target not
detected (TND) at on-treatment baseline and at EOT using the
COBAS TaqMan assay (Table 1). With the Assembly assay, a
greater percentage of patients with available samples had HBV
DNA TND at on-treatment baseline, with all patients who were
HBeAg-negative having HBV DNA TND at EOT. Approximately
half of patients who were HBeAg-positive from study 201 who
received PBO + NrtI and VBR + NrtI had HBV DNA TND at on-
treatment baseline and 30–50% had HBV DNA TND at EOT by
the COBAS TaqMan assay. When assessed by the Assembly assay,
five of 16 (31%) and 18/27 (67%) patients who were HBeAg-
positive who received PBO + NrtI and VBR + NrtI, respectively,
during study 201 had HBV DNA TND at on-treatment baseline,
with numerically more patients having HBV DNA TND at EOT in
study 211. When assessed by the Assembly assay, no patients
from study 202 had HBV DNA TND at on-treatment baseline,
with none of five and one of eight (13%) patients who received
PBO + NrtI and VBR + NrtI, respectively, during study 202 having
HBV DNA TND at W2 in study 211. When assessed using the
COBAS TaqMan assay, no patients from study 202 had HBV DNA
TND at on-treatment baseline and at W2 in study 211. Per the
COBAS TaqMan assay, six of 23 (26%) patients from study 202 had
HBV DNA TND at EOT (the percentage of patients was greater
when assessed by the Assembly assay [eight of 13 (62%)];
Table 1). Because mean baseline levels of HBV DNA were greater
in patients who received PBO + NrtI from study 202 vs. patients
who received VBR + NrtI (Table S8), there were greater mean
reductions in HBV DNA at EOT among patients who received
PBO + ETV in study 202 vs. patients who received VBR + ETV
(Fig. 3A).

Changes in HBV pgRNA and TNA during the on-treatment
phase are shown in Table 1. Because mean baseline levels of
pgRNA were greater in patients who received PBO + NrtI from
study 201 vs. patients who received VBR + NrtI, there were
greater mean reductions in pgRNA levels among patients who
received PBO + NrtI in study 201 at EOT vs. patients who received
VBR + NrtI in study 201. These findings were also observed for
TNA, as only patients who were HBeAg-positive showed a mean
change from on-treatment baseline in TNA at EOT. Greater re-
ductions in HBV pgRNA in patients who received VBR + ETV vs.
patients who received PBO + ETV from study 202 led to different
levels of HBV pgRNA between treatment groups at on-treatment
baseline. Given this, greater mean reductions from on-treatment
baseline in mean HBV pgRNA were observed among study 202
patients who had received PBO + ETV vs. VBR + ETV at EOT
(Fig. 3B).

Minimal mean changes from on-treatment baseline at EOT in
HBV antigens were observed (Table S9). At EOT, one patient
(PBO + ETV) from study 202 achieved HBeAg seroconversion
(defined as antigen loss with the appearance of antibodies),
which was maintained through EOS. At EOS, two additional pa-
tients achieved HBeAg seroconversion (both received VBR + NrtI
in study 201). No patients achieved HBsAg seroconversion.

3JHEP Reports 2024 vol. 6 j 100999



Changes in HBV nucleic acids and antigens in patients who
discontinued both VBR + NrtI during the off-treatment phase
Mean HBV DNA and TNA increases from off-treatment baseline
at the end of the off-treatment period were greater among pa-
tients who were HBeAg-positive vs. HBeAg-negative from study
201 (Table 2). The one patient who was HBeAg-positive from
study 201 with pgRNA results available, who discontinued both
VBR + NrtI, had a change from baseline to end of off-treatment
phase of 4.7 log10 U/ml. Individual patient HBV DNA levels by
HBeAg status in the parent studies throughout the off-treatment
phase are shown in Fig. 2. During the off-treatment phase, 17/20
(85%) patients who were HBeAg-positive and 16/23 (70%)

patients who were HBeAg-negative relapsed with HBV DNA
levels >2,000 IU/ml.

Mean antigen levels tended to be slightly greater at the end of
the off-treatment period vs. off-treatment baseline in patients
who discontinued both VBR + NrtI during the off-treatment
phase (Table S10). Mean HBV DNA declined �4 log10 from
baseline among patients who discontinued VBR + NrtI when they
restarted NrtI (Table S11). Mean decreases in HBV antigens
among patients who restarted NrtI after discontinuing VBR + NrtI
were <−1 log10 for all antigens (Table S12). Among patients who
discontinued VBR and continued NrtI/ETV during the off-
treatment phase, the mean increase from baseline in HBV DNA
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Fig. 1. Study disposition in patients from studies 201 and 202 taking VBR in study 211. Study 211 outcomes are based on the treatment history of the patients
in parent studies 201 and 202. AE, adverse event; cHBV, chronic hepatitis B virus infection; DC, discontinued; EOS, end of study; ETV, entecavir; FU, follow-up;
LTFU, lost to follow-up; NC, non-compliance; NrtI, nucleos(t)ide reverse transcriptase inhibitor; PBO, placebo; TA, treatment action; TN, treatment-naive; VBR,
vebicorvir; VS, virologically-suppressed; WC, withdrew consent.
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Fig. 2. Individual patient HBV DNA during the off-treatment phase in patients from study 211. HBV DNA levels in (A) patients who were HBeAg-positive and
(B) patients who were HBeAg-negative during the off-treatment phase in study 211. Parent study designation as well as treatment received during the parent
studies are shown. No patients remained <LLOQ of 20 IU/ml (1.3 log10 IU/ml) off treatment. LLOQ, lower limit of quantification; PBO, placebo, VBR, vebicorvir.

Table 1. Observed changes in HBV DNA and pgRNA during the on-treatment phase in study 211 (FAS).

Patients originating from study 201 (on-treatment phase)

VS HBeAg (-) VS HBeAg (+)

PBO + NrtI
n = 10

VBR + NrtI
n = 16

Total
n = 26

PBO + NrtI
n = 16

VBR + NrtI
n = 27

Total
n = 43

HBV DNA TND
Baseline* 6/10 (60) 13/16 (81) 19/26 (73) 8/15 (53) 16/27 (59) 24/43 (57)

HBV DNA TND
EOT* 8/10 (80) 13/16 (81) 21/26 (81) 8/16 (50) 8/27 (30) 16/43 (37)

HBV DNA TND
Baseline† 9/10 (90) 12/16 (75) 21/26 (81) 5/16 (31) 18/27 (67) 23/43 (53)

HBV DNA TND
EOT† 10/10 (100) 14/14 (100) 24/24 (100) 13/15 (87) 23/27 (85) 36/42 (86)

HBV DNA change from baseline, log10 IU/ml, mean (SD)
EOT -0.1 (0.14) 0.2 (0.81) 0.1 (0.64) 0.0 (0.23) 0.2 (0.61) 0.1 (0.51)

HBV pgRNA change from baseline, log10 U/ml, mean (SD)
EOT 0 (0.00) 0.1 (0.38) 0.1 (0.29) -1.4 (1.02) 0 (0.47) -0.5 (0.98)

HBV TNA change from baseline, log10 U/ml, mean (SD)‡

EOT 0 (0.00) 0 (0.00) 0 (0.00) -1.2 (1.10) 0.0 (0.14) -0.5 (0.91)

Patients originating from study 202 (TN HBeAg +; on-treatment phase)

PBO + ETV
n = 11

VBR + ETV
n = 12

Total
N = 23

HBV DNA TND
Baseline* 0 0 0
Week 2* 0 0 0

HBV DNA TND
EOT* 3/11 (27) 3/12 (25) 6/23 (26)

HBV DNA TND
Baseline† ND§ ND§ ND§

Week 2† 0{ 1/8 (13) 1/13 (8)
HBV DNA TND

EOT† 5/5 (100) 3/8 (38) 8/13 (62)
HBV DNA change from baseline, log10 IU/ml, mean (SD)

EOT -2.1 (1.08) -0.8 (0.70) -1.4 (1.09)
HBV pgRNA change from baseline, log10 U/ml, mean (SD)

EOT -3.0 (1.38) -0.6 (0.75) -1.7 (1.60)

Data shown are n/N (%) unless otherwise stated.
EOT, end of treatment; ETV, entecavir; FAS, full analysis set; LOD, limit of detection; ND, not determined; NrtI, nucleos(t)ide reverse transcriptase inhibitor; PBO, placebo;
pgRNA, pregenomic RNA; TN, treatment-naive; TNA, total nucleic acids; TND, target not detected; VBR, vebicorvir; VS, virologically-suppressed.
* Assessed by COBAS TaqMan; LOD = 10 IU/ml.
† Assessed by Assembly Biosciences, Inc. HBV DNA assay; LOD = 5 IU/ml.
‡ TNA = HBV DNA + HBV pgRNA.
§ Patient HBV DNA TND levels were ND given that values were well above the LOD for the less sensitive COBAS assay.
{ The denominator for patients originating from study 202 is 5 for PBO + ETV.
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was �1 log10 IU/ml for patients from study 202, with no notable
changes observed among patients from study 201. Mean in-
creases from baseline in HBV pgRNA and TNA were numerically
greater for patients from study 201 vs. 202. Mean HBV pgRNA
and TNA increased from baseline during the off-treatment phase
among patients who continued NrtI/ETV (Table S13; Fig. S2).
When VBR was discontinued but NrtI/ETV was continued, there

was a rebound in mean pgRNA of �2 log10 U/ml, as early as the
4W follow-up visit, that persisted throughout EOS. Mean HBV
DNA rebounded �1 log10 IU/ml in patients from study 202 but
did not rebound in patients from study 201. No notable changes
were observed in mean antigen levels from off-treatment base-
line to last visit among patients who discontinued VBR and
continued NrtI/ETV only (Table S14; Fig. S3).

Table 2. Observed changes in HBV DNA and pgRNA during the off-treatment phase in patients from study 211 (FAS).

Patients originating from study 201 (off-treatment phase)

VS HBeAg (-) discontinue both
n = 23

VS HBeAg (+) discontinue both
n = 18

HBV DNA baseline, log10 IU/ml 1.0 (0.11) 1.2 (0.16)
Change from baseline at end of off-treatment 3.6 (2.41) 4.8 (2.55)

HBV pgRNA baseline, log10 U/ml NA 1.5 (ND)*
Change from baseline at end of off-treatment NA 4.7 (ND)*

HBV TNA baseline, log10 U/ml 1.3 (0.00) 1.3 (0.06)
Change from baseline at end of off-treatment 2.6 (2.29) 4.0 (2.51)

Data shown are mean (SD).
FAS, full analysis set; NA, not applicable; ND, not determined; pgRNA, pregenomic RNA; TNA, total nucleic acids; VS, virologically-suppressed.
* n = 1 with available pgRNA results.
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Fig. 3. HBV DNA and pgRNA change from baseline in patients from study 202 (FAS; on-treatment phase). Changes from baseline in (A) HBV DNA and (B) HBV
pgRNA in study 211 from patients previously enrolled in study 202. ETV, entecavir; FAS, full analysis set; PBO, placebo; pgRNA, pregenomic RNA; TN, treatment-
naive; VBR, vebicorvir.
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Safety
Mean (SD) treatment duration during study 211 was 63.5 (17.5)
weeks, with most patients (66/92; 72%) receiving study drugs
between 48 and 72 weeks. Overall exposure ranged from 1.1 to
103.9 weeks.

A summary of treatment-emergent adverse events (TEAEs)
and AEs by treatment phase is reported in Table 3. During the on-
treatment phase, 54/92 (59%) patients reported one or more
TEAEs. One patient who was HBeAg-positive who received PBO +
ETV in study 202 developed on-treatment serious AEs (SAEs) not
related to study drug, and another patient (HBeAg-positive who
received VBR + NrtI in study 202) developed TEAEs possibly
related to study drug—see Supplementary material for more

information. No grade 4 TEAEs or deaths occurred during the on-
treatment phase. The most common TEAEs were upper respira-
tory tract infection (10/92; 11%), nasopharyngitis (six of 92; 7%),
and fatigue (five of 92; 5%), most of which were grade 1. No
trends in the incidence of TEAEs related to treatment received or
HBeAg status in the parent studies were noted. On-treatment
rash occurred in nine of 69 (13%) patients from study 201 (all
grade 1 with variable onset) and none in study 202. All but one
case resolved before EOS, and none led to study drug discon-
tinuation. No patients met the ALT flare criteria. Treatment-
emergent laboratory abnormalities are summarised in Table S15.

During the off-treatment phase, there were no notable dif-
ferences in safety between patients who were HBeAg-positive

Table 3. Summary of safety by treatment phase in patients from study 211 (SAS).

On-treatment phase

Patients originating from study 201 Patients originating
from study 202

Patients reporting: VS HBeAg (-)
n = 26

VS HBeAg (+)
n = 43

Total
n = 69

TN HBeAg (+)
n = 23

Overall total
n = 92

TEAE 16 (62) 26 (60) 42 (61) 12 (52) 54 (59)
Grade 1 9 (35) 11 (26) 20 (29) 6 (26) 26 (28)
Grade 2 7 (27) 14 (33) 21 (30) 3 (13) 24 (26)
Grade 3 0 1 (2) 1 (1) 3 (13) 4 (4)

TEAE related to study drug 3 (12) 5 (12) 8 (12) 2 (9) 10 (11)
TE SAE 0 0 0 1 (4) 1 (1)
TEAE leading to study drug discontinuation 0 0 0 2 (9) 2 (2)
TEAEs found in >−5% of the total patient population

Upper respiratory tract infection 3 (12) 6 (14) 9 (13) 1 (4) 10 (11)
Nasopharyngitis 1 (4) 3 (7) 4 (6) 2 (9) 6 (7)
Fatigue 1 (4) 3 (7) 4 (6) 1 (4) 5 (5)

Discontinued both VBR + NrtI (off-treatment phase, patients originating from study 201)

Patients reporting: VS HBeAg (-)
n = 23

VS HBeAg (+)
n = 18

Total
N = 41

AE 10 (43) 7 (39) 17 (41)
Grade 1 2 (9) 3 (17) 5 (12)
Grade 2 5 (22) 3 (17) 8 (20)
Grade 3 3 (13) 1 (6) 4 (10)

AE related to study drug 0 0 0
SAE 2 (9) 0 2 (5)
AEs found in >−5% of the total patient population

ALT increased 6 (26) 5 (28) 11 (27)
AST increased 2 (9) 0 2 (5)
Headache 1 (4) 1 (6) 2 (5)
Nausea 2 (9) 0 2 (5)
Back pain 2 (9) 0 2 (5)

Discontinued both VBR + NrtI, then restarted NrtI (NrtI-restart phase, patients originating from study 201)

Patients reporting: VS HBeAg (-)
n = 16

VS HBeAg (+)
n = 14

Total
N = 30

AE 3 (19) 6 (43) 9 (30)
Grade 1 1 (6) 2 (14) 3 (10)
Grade 2 0 3 (21) 3 (10)
Grade 4 2 (13) 1 (7) 3 (10)

AE related to study drug 0 0 0
SAE 0 0 0
AEs found in >−5% of the total patient population

ALT increased 2 (13) 3 (21) 5 (17)

Continued NrtI/ETV (off-treatment phase)

Patients originating from study 201 Patients originating from study 202

Patients reporting: VS HBeAg (+) continue NrtI only
n = 18

TN HBeAg (-) continue ETV only
n = 6

AE 0 1 (17)
Grade 1 0 1 (17)

Data shown are n (%).
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ETV, entecavir; NrtI, nucleos(t)ide reverse transcriptase inhibitor; SAE, serious adverse
event; SAS, safety analysis set; TE, treatment-emergent; TEAE, treatment-emergent adverse event; TN, treatment-naive; VBR, vebicorvir; VS, virologically-suppressed.
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or -negative from study 201 who discontinued both VBR + NrtI;
17/41 (41%) patients reported an AE (see Supplementary
material for information surrounding two patients [both
HBeAg-negative] who reported SAEs). No grade 4 AEs or deaths
occurred in patients who discontinued both VBR + NrtI. The
most common AEs were increases in ALT, increases in aspartate
aminotransferase (AST), back pain, headache, and nausea. Two
patients had a grade 3 laboratory abnormality (ALT and AST
increase), and one had a grade 4 laboratory abnormality (ALT
increase). During the NrtI-restart phase, most AEs and labora-
tory abnormalities were related to ALT and AST increases with
no SAEs or deaths. Following NrtI restart, ALT returned to
prediscontinuation levels with no events of hepatic decom-
pensation. After discontinuing both VBR + NrtI, 22 patients had
increases in ALT: one grade 4, two grade 3, and 12 grade 2.
Further detail on ALT elevations and normalisations is provided
in the Supplementary material.

Emergence of resistance-associated variants
Nine patients experienced on-treatment viral rebound, and
Sanger sequencing showed no core inhibitor binding pocket
substitutions or NrtI resistance mutations for eight out of nine
patients tested at all time points. One patient had a T109I
resistance-associated substitution in the core gene. This patient
(who received VBR + NrtI in study 201) had persistently low HBV
DNA through on-treatment W32 and had the T109I mutation
detected as a mixture as early as W4 during study 201. Five of the
nine patients had virologic rebound in a setting of noncompli-
ance with study drug, including the patient with T109I detected
in the core gene.

Pharmacokinetics
Summary statistics for predose concentrations of VBR, ETV, and
tenofovir are described in Table S16. In general, W48 predose
VBR and NrtI concentrations were comparable with those
observed in the parent studies, supporting the lack of a drug–
drug interaction.12

Discussion
This study was designed to assess the safety and antiviral activity
of long-term, open-label VBR + NrtI in patients with cHBV. In
patients originating from studies 201 and 202, long-term VBR +
NrtI led to further reductions in HBV DNA and pgRNA at EOT in
study 211 and was generally well tolerated, with few discon-
tinuations and no deaths. No resistance-associated substitutions
were observed in patients who were adherent to study drug. PK
data from this study are consistent with the parent studies and
support a lack of drug–drug interactions between VBR and NrtIs
following longer-term administration.

Mean HBV DNA and pgRNA declined during the on-treatment
period among patients receiving open-label VBR. Compared with
study 211 baseline, there was an increase in the percentage of
patients achieving HBV DNA TND at EOT. The observed on-
treatment change in viral parameters varied and was influ-
enced by the previous status of patients in the parent studies.
Administration of VBR + NrtI resulted in slight numeric, but not
clinically significant, decreases in HBV antigens. Additionally,
neither HBsAg loss nor HBsAg seroconversion was observed in
any patient, which likely correlates with intrahepatic viral

persistence.13 Therefore, we conclude that long-term treatment
with VBR + NrtI does not result in functional cure.

Long-term administration of VBR + NrtI was well tolerated,
with most TEAEs being grade 1/2 and no grade 4 TEAEs or deaths
reported. The nature and frequency of the observed TEAEs were
similar between patients who were HBeAg-positive and -nega-
tive and those who were TN or VS at the start of the parent
studies. Most grade 3/4 AEs and laboratory abnormalities
occurred in the off-treatment or NrtI-restart phases and were
related to elevations in ALT following cessation of antiviral
treatment. Among patients meeting predefined criteria for
stopping antiviral therapy, discontinuation of VBR + NrtI was
well tolerated, with no hepatic decompensation events and
limited AEs and ALT elevations.

Although long-term treatment with VBR + NrtI provided deep
reductions in HBV DNA and pgRNA at EOT, failure to maintain
HBV DNA <LLOQ after cessation of all antiviral therapy points to
the need for more potent and/or additional therapies and novel
combinations to work toward finite treatment and functional
cure. The failure thus far to achieve functional cure off treatment
is likely because of the inability of current treatment regimens to
interfere with cccDNA formation and maintenance. Although
combination therapy with clinically approved NrtIs and IFNa
results in greater HBsAg loss than either monotherapy, the fact
that neither of these agents eliminates cccDNA means that off-
treatment viral rebound is likely.14 Therefore, it will be of great
importance for future agents to have greater efficacy against the
cccDNA reservoir. Although first-generation core inhibitors, such
as VBR, demonstrate trough plasma concentrations above the
protein-adjusted EC50 (paEC50) values for HBV DNA and cccDNA
formation, next-generation core inhibitors may have enhanced
potency with paEC50s multiple-fold (up to 900-fold higher vs.
VBR) above that required for inhibition of capsid disassembly
and prevention of cccDNA formation, often called ‘secondary
mechanisms’ of core inhibitors (beyond their effects on capsid
assembly).15–17 Future studies incorporating next-generation
core inhibitors may show higher levels of antiviral activity than
what was observed in this study.

An important caveat in this study is the treatment assignment
and HBeAg status of patients in the parent studies. In general,
patients who were HBeAg-negative and received VBR + NrtI in
study 201 entered study 211 with low levels of viral parameters,
which made assessing changes in these parameters in study 211
difficult. Conversely, patients who were HBeAg-positive from
study 202 and received PBO + NrtI had high levels of viral pa-
rameters at study 211 baseline, resulting in viral changes that
were more apparent with long-term VBR + NrtI. Furthermore,
this study followed patients who discontinued all antiviral
treatment (i.e. VBR + NrtI) for approximately 4–36 weeks. Given
that levels of certain viral parameters, such as HBsAg, may take
years to diminish under antiviral treatment,13 it is likely that this
short period of follow-up did not capture potential longer-term
declines in HBsAg in these patients. As no patients met the pri-
mary study endpoint, NrtIs were generally restarted, and
consequently the period of follow-up when patients were not
receiving any antiviral treatment was insufficient to determine if
there were any continued declines in viral parameters. In sum-
mary, open-label, long-term, once-daily VBR + NrtI was safe and
well tolerated, with few discontinuations and no deaths.
Although deeper levels of viral suppression were observed with
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the VBR + NrtI combination, durable virologic outcomes were not
observed in patients who met the criteria to discontinue antiviral
treatment. VBR has been investigated further in two triple-
combination, open-label, phase II studies – with both NrtI and

IFNa, and with NrtI and the investigational RNA inhibitor AB-729.
VBR did not show superior efficacy in key viral parameters in
these triple-combination studies vs. dual combinations without
VBR – hence clinical development of VBR was discontinued.
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