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Highlights Impact and implications

� Selgantolimod (SLGN) is an oral Toll-like receptor 8

agonist.

� Viremic patients with chronic HBV infection
received SLGN+TAF for 24 weeks.

� SLGN therapy was safe and well tolerated.

� SLGN induced a transient increase in serum cyto-
kines and chemokines.

� Pharmacodynamics and antiviral activity support
continued study of SLGN in combination CHB
therapies.
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Novel therapeutics for chronic HBV infection are needed to
achieve a functional cure. In this study, we confirmed the
safety and tolerability of selgantolimod (formerly GS-9688, a
TLR8) when administered with tenofovir alafenamide over
24 weeks in viremic patients with chronic HBV infection.
Overall, declines in HBsAg levels with selgantolimod treat-
ment were modest; subgroup analysis indicated that pa-
tients with alanine aminotransferase levels greater than the
upper limit of normal had significantly greater declines
compared to those with normal alanine aminotransferase
levels (–0.20 vs. –0.03 log10 IU/ml; p <0.001). These findings
suggest a potential differential response to selgantolimod
based on patients’ baseline HBV-specific immune response,
which should be considered in future investigations char-
acterizing the underlying mechanisms of selgantolimod
treatment and in HBV cure studies using similar immuno-
modulatory pathways.
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Background & Aims: Novel finite therapies for chronic hepatitis B (CHB) are needed, since lifelong treatment is usually
required with current available oral antivirals. This phase II study (NCT03615066) evaluated the safety, pharmacodynamics,
and antiviral activity of selgantolimod (a Toll-like receptor 8 agonist [TLR8]) with tenofovir alafenamide (TAF).
Methods: Viremic patients with CHB not receiving treatment were stratified by HBeAg status and randomized 2:2:1 to TAF
25 mg/day with selgantolimod 3 mg orally once weekly (QW), selgantolimod 1.5 mg QW, or placebo. Combination therapy
continued until week (W)24, followed by TAF monotherapy until W48; patients then discontinued TAF and were followed
until W96 (treatment-free follow-up [TFFU] period). The primary efficacy endpoint was the proportion with >−1 log10 IU/ml
HBsAg decline at W24.
Results: Sixty-seven patients received study drug; 27 were followed during TFFU. Nausea, headache, vomiting, fatigue, and
dizziness were the most common adverse events. Most adverse events were grade 1. Alanine aminotransferase flares were not
observed up to W48. Four patients experienced alanine aminotransferase and hepatitis flares during TFFU; all had HBV DNA
increases. Selgantolimod increased serum cytokines and chemokines and redistributed several circulating immune cell
subsets. No patients achieved the primary efficacy endpoint. Mean HBsAg changes were −0.12, −0.16, and −0.12 log10 IU/ml in
the selgantolimod 3 mg, selgantolimod 1.5 mg, and placebo groups, respectively, at W48; HBV DNA declined in all groups by
>−2 log10 IU/ml as early as W2, with all groups rebounding to baseline during TFFU. No HBsAg or HBeAg loss or seroconversion
was observed throughout TFFU.
Conclusions: Selgantolimod up to 3 mg was safe and well tolerated. Pharmacodynamics and antiviral activity in viremic
patients support continued study of selgantolimod in combination CHB therapies.
Impact and implications: Novel therapeutics for chronic HBV infection are needed to achieve a functional cure. In this study,
we confirmed the safety and tolerability of selgantolimod (formerly GS-9688, a TLR8) when administered with tenofovir
alafenamide over 24 weeks in viremic patients with chronic HBV infection. Overall, declines in HBsAg levels with selgan-
tolimod treatment were modest; subgroup analysis indicated that patients with alanine aminotransferase levels greater than
the upper limit of normal had significantly greater declines compared to those with normal alanine aminotransferase levels
(–0.20 vs. –0.03 log10 IU/ml; p <0.001). These findings suggest a potential differential response to selgantolimod based on
patients’ baseline HBV-specific immune response, which should be considered in future investigations characterizing the
underlying mechanisms of selgantolimod treatment and in HBV cure studies using similar immunomodulatory pathways.
Clinical trial number: NCT03615066 be found at https://www.gileadclinicaltrials.com/transparency-policy/.
Keywords: Hepatitis B virus; oral antiviral; small molecule; immunotherapy; HBV cure; toll-like receptor; viremic.
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Introduction
The World Health Organization estimates that approximately
296 million people worldwide are chronically infected with HBV,
and nearly 900,000 die annually from HBV-related causes,
primarily from cirrhosis and/or hepatocellular carcinoma.1–3

Clinical guidelines recommend using oral nucleos(t)ide ana-
logues (NAs) or injectable interferons (IFN) to treat chronic
hepatitis B (CHB).1,4 Approved NAs target HBV polymerase and
reverse transcriptase,5,6 and injectable IFN exhibit non-specific
immunomodulatory and antiviral effects.7 Although current
antiviral therapies are well tolerated and effective at suppressing
HBV, leading to improved patient outcomes, a functional cure
(i.e., sustained loss of circulating HBsAg with undetectable HBV
DNA) is rarely achieved, necessitating prolonged treatment.6

Novel treatment candidates should be developed with the goal
of inducing a functional cure for patients with CHB.8 Current and
investigational HBV treatments have diverse, potentially
complementary, mechanisms of action (MoAs); thus, combina-
tion therapy likely represents the best path to a functional cure
in the majority of patients living with CHB.

The host immune response toHBV infectionplays a pivotal role
in determining whether acute infection resolves or becomes
chronic.9 Individuals who are able to clear HBV spontaneously
following an acute infection display a vigorous, polyclonal,
HBV-specific CD8+ and CD4+ T-cell response, leading to resolution
of active HBV infection (i.e., presumptive “immune” control).10–13

In contrast, CHB is associated with a limited and dysfunctional
CD8+ T-cell response, as well as the impaired antiviral function of
natural killer (NK) cells and disruption of function of other
immune cells, including HBsAg-specific B cells.14,15

Toll-like receptors (TLRs) are a family of membrane-bound
pattern-recognition receptors that play a central role in both
innate and adaptive immunity via the recognition of pathogen-
associated molecular patterns from microorganisms.16 Toll-like
receptor 8 agonist (TLR8) is a transmembrane receptor located in
the endosomal membrane in a subset of immune cells and rec-
ognizes single-stranded RNA.17,18 TLR8 agonists can directly or
indirectly activate innate and adaptive effector cell immune re-
sponses and may induce effective antiviral immunity in patients
with CHB.19–21 Activating TLRs in patients with CHB has been
shown to be safe, with pharmacodynamic (PD) findings and
serologic changes supporting the possibility of TLR agonist use in
therapies to increase the immune response to HBV.22–25

Selgantolimod (formerly GS-9688) is a potent, selective, oral
agonist of TLR8. In human peripheral blood mononuclear cells
(PBMCs) in vitro, selgantolimod induced the production of the
cellular immune mediator interleukin-12 (IL-12) and the anti-
viral cytokines tumor necrosis factor-a and interferon (IFN)-c,
while it had minimal effects on the levels of IFN-a, a TLR7-
induced cytokine.26 Selgantolimod also activated NK cells and
stimulated CD8+ T-cell proliferation.26 A study in the woodchuck
model of CHB showed that 8 weeks of treatment with selgan-
tolimod was well tolerated and induced sustained antiviral effi-
cacy and loss of woodchuck hepatitis virus surface antigen in a
subset of animals.27 A phase Ia study in healthy participants
found that single doses of selgantolimod up to 5 mg were safe
and induced a dose-dependent PD response;28 a follow-up phase
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Ib study showed selgantolimod administration (up to 3 mg) was
safe in patients with CHB.29 In a recent phase II study in patients
with CHB with suppressed viremia, selgantolimod up to 3 mg for
24 weeks was generally safe and well tolerated; treatment
induced modest declines in HBsAg, while cytokine, chemokine,
and T-cell responses suggested target engagement.25

The aim of this clinical study was to evaluate the safety, PD,
and antiviral activity of 24 weeks of selgantolimod with
tenofovir alafenamide (TAF) in patients with CHB not currently
taking oral antivirals (OAVs). This study also evaluated the safety
and durability of antiviral activity during a 48-week treatment-
free follow-up (TFFU) phase.
Patients and methods
Study population and design
This was a phase II, randomized, double-blind, placebo-
controlled, multicenter study (ClinicalTrials.gov: NCT03615066)
designed to evaluate the safety, PDs, and antiviral activity of
selgantolimod in patients with CHB not currently on treatment.
The study included patients from 10 centers in Canada, South
Korea, and Taiwan between August 2018 and April 2021.

Eligible patients were aged 18 to 65 years and had docu-
mented evidence of CHB (HBsAg positive for >6 months), with
detectable HBsAg levels and HBV DNA >−2,000 IU/ml at screening.
Exclusion criteria included having extensive bridging fibrosis or
cirrhosis, receiving a commercially available OAV for HBV, and
receiving prolonged therapy with immunomodulators or
biologics within 3 months of screening. A full list of inclusion and
exclusion criteria (including histological assessment for bridging
fibrosis or cirrhosis) are provided in the supplementary methods.

Enrolled patients were stratified into two cohorts by HBeAg
status (Cohort 1, HBeAg positive; Cohort 2, HBeAg negative).
Within each cohort, patients were randomly assigned 2:2:1 to
either selgantolimod 3 mg orally once weekly (QW), selgantoli-
mod 1.5 mg orally QW, or placebo. All patients were also treated
with TAF 25 mg orally once daily. Patients received selgantoli-
mod + TAF or placebo + TAF for 24 weeks, then continued TAF
monotherapy until week 48. At week 48, patients discontinued
TAF and were evaluated every 4 weeks for an additional 48
weeks or until the initiation of an alternative HBV therapy.
Therefore, the total study duration for each patient was 48 total
weeks of treatment with up to 48 weeks of TFFU. Study design
and patient disposition are detailed in Fig. S1. Study drug was
always administered in a fasted state (no food or drink except
water for 8 h predose, with water also not allowed within 1 h
predose). Patients were randomized using an Interactive Mobile
Response System or Interactive Web Response System. For the
duration of the study, patients and investigators were blinded to
treatment group assignments.

This study was conducted in accordance with the principles
of the 1975 Declaration of Helsinki, International Conference
on Harmonisation guidelines, and good clinical practices. Study
procedures were not conducted until written informed consent
from patients was documented and approvals were confirmed
by the Institutional Review Boards and Independent Ethics
Committee.
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Endpoints
The primary endpoints were the proportions of patients with
treatment-emergent adverse events (TEAEs) and laboratory ab-
normalities at week 24 and the proportion of patients with an
HBsAg decline >−1 log10 IU/ml from baseline at week 24.
Secondary endpoints were the proportion of patients with
undetectable HBV DNA and HBsAg and HBeAg loss through week
48. Exploratory endpoints included changes from baseline in
HBeAg, hepatitis B core-related antigen (HBcrAg), and HBV RNA;
changes in PD markers (interleukin-12p40 [IL-12p40], IL-1 re-
ceptor antagonist, and IFN-c) induction; changes in immune cell
population; and changes in cell phenotype in peripheral blood.
These endpoints were also assessed at the end of the TFFU period
as applicable. Assays and evaluations used for efficacy and safety
endpoints are described in the supplementary methods.

Statistical analysis
Baseline characteristics and demographics were reported
descriptively. Efficacy analyses, including the primary endpoint,
were conducted using the full analysis set (all randomized
patients who took >−1 dose of study drug). To compare treatment
groups for HBeAg-positive and -negative patients separately,
point estimates and the 2-sided 95% exact CIs of efficacy end-
points were provided based on the Clopper-Pearson method by
HBeAg status and overall for each treatment group. CIs for the
proportion differences were constructed based on the stan-
dardized statistic and inverting two one-sided tests. When
treatment groups were compared in pooled patients, the
proportion differences and corresponding 95% CIs were calcu-
lated using the stratum-adjusted Mantel-Haenszel method. Post
hoc comparisons of HBV DNA and HBsAg changes from baseline,
including subgroup analyses of alanine aminotransferase (ALT)
and hepatitis flares, baseline ALT, or HBeAg values, were per-
formed using Wilcoxon tests. Safety data were analyzed using
the safety analysis set (all patients who took >−1 dose of study
drug). TFFU data were analyzed using the TFFU analysis set (all
patients who were randomized into the study, received >−1 dose
of study drug, and entered the TFFU period). PD parameters were
analyzed using the biomarker analysis set (all randomized
patients who took >−1 dose of study drug and had >−1 biomarker
value).

Due to the study’s exploratory nature, the sample size was not
determined by any formal power calculation. The number of
patients in each treatment group was based on the feasibility of
enrollment and prior HBV phase Ib studies. In general, missing
data were not imputed. An initial analysis was conducted at
week 24 after all patients completed or prematurely dis-
continued study treatment. Follow-up and final analysis
occurred at week 48 with patients who entered the TFFU period.
All statistical analyses were performed using the SAS Software
version 9.4 (SAS Institute Inc., Cary, NC, USA) and R statistical
package version 3.5.2 (Vienna, Austria).

The protocol is published online as supplementary material.
For further details regarding the materials and methods used,
please refer to the CTAT table and supplemental information.
Results
Baseline demographics and disease characteristics
Ninety-six patients were screened, 25 failed screening, and four
were not randomized (withdrew consent, n = 2; outside of visit
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window, n = 1; other, n = 1), resulting in 67 patients randomized
(between 25 September 2018 and 27 June 2019) and receiving >−1
dose of study drug. Twenty-seven patients enrolled in the TFFU
period (selgantolimod 3 mg, n = 13; selgantolimod 1.5 mg,
n = 12; placebo, n = 2). The last patient visit was 12 April 2021.
Sixty-seven important protocol deviations were reported during
the study follow-up period, affecting 36 unique patients. Details
of these deviations can be found in Table S1.

Overall, 39 of 67 patients were HBeAg positive. Most patients
were Asian (99%), 58% were male, and mean BMI was 24.5 kg/m2

(Table 1). The mean FibroTest score was numerically lower in
HBeAg-positive vs. -negative patients at baseline, whereas mean
HBV DNA, HBV RNA, HBsAg, and HBcrAg were numerically
greater in HBeAg-positive vs. -negative patients at baseline.
Mean ALT levels were lower in HBeAg-positive vs. -negative
patients at baseline in patients assigned selgantolimod 3 mg and
placebo but were numerically similar between HBeAg-positive
and -negative patients receiving selgantolimod 1.5 mg. Most
patients had HBV genotype B or C at baseline (63 of 67 [94%];
three patients had genotype D, and one had genotype I). For
patients who previously used OAVs, the most common prior OAV
was tenofovir disoproxil fumarate. Most patients did not have a
history of prior IFN use, although data were missing for 15, 17,
and 11 patients in the selgantolimod 3 mg, selgantolimod 1.5 mg,
and placebo groups, respectively.

Length of exposure
Mean (SD) length of exposure to selgantolimod was similar
between patients in the 3 mg (22.5 [5.43] weeks) and 1.5 mg
(24.0 [0.11] weeks) groups. Mean (SD) exposure to TAF was 44.6
(11.96) weeks in the selgantolimod 3 mg group, 47.4 (3.78) weeks
in the selgantolimod 1.5 mg group, and 44.9 (8.04) weeks in the
placebo group.

Safety
Table 2 summarizes safety during the on-treatment period.
Forty-nine of 67 patients (73%) had >−1 TEAE by week 24, 52 of 67
(78%) had >−1 adverse event (AE) by week 48, and 10 of 27 (37%)
had >−1 AE during the TFFU phase. Seventeen of 26 (65%) and 9 of
28 (32%) patients who received selgantolimod 3 mg or 1.5 mg,
respectively, had TEAEs related to study drug, all of which were
grade 2 or lower. Three of 13 (23%) patients who received
placebo had TEAEs related to study drug, one of which was grade
3 (rhinorrhea). Through week 48, one patient (a 62-year-old
Asian female) treated with selgantolimod 3 mg had study drug-
related TEAEs of upper abdominal pain beginning at day 1 of
dosing. On day 22, she reported grade 2 vomiting, which was
determined to be related to the study drug, leading to study drug
discontinuation. One person experienced a grade 1 serious AE
(SAE) of limb injury on day 77 assessed as unrelated to study
drug. No additional serious AEs or grade >−3 TEAEs occurred
during the TFFU phase, and no deaths occurred during this study.
During the on-treatment period, the five most common TEAEs
were nausea, headache, vomiting, fatigue, and dizziness
(Table 2). No patients in the placebo group reported nausea,
vomiting, fatigue, or dizziness.

A summary of laboratory abnormalities grade 2 or greater is
presented in Table S2. Among patients treated with selgantoli-
mod 1.5 mg, grade 4 elevated fasting triglycerides were reported
in one (4%) patient during the 24- and 48-week periods, and
grade 4 ALT increases were reported in two (17%) patients during
3vol. 6 j 100975



Table 1. Baseline characteristics (FAS and SAS).

SLGN 3 mga SLGN 1.5 mga PBOa

HBeAg +
(n = 14)

HBeAg –

(n = 12)
Total

(n = 26)
HBeAg +
(n = 18)

HBeAg –

(n = 10)
Total

(n = 28)
HBeAg +
(n = 7)

HBeAg –

(n = 6)
Total

(n = 13)

Age, years, mean (SD) 46 (10.7) 46 (10.2) 46 (10.3) 41 (13.5) 50 (6.0) 44 (12.1) 37 (7.1) 56 (6.6) 46 (12.0)
Sex, male, n (%) 7 (50.0) 8 (66.7) 15 (57.7) 10 (55.6) 5 (50.0) 15 (53.6) 4 (57.1) 5 (83.3) 9 (69.2)
Race, Asian, n (%) 14 (100) 11 (91.7) 25 (96.2) 18 (100) 10 (100) 28 (100) 7 (100) 6 (100) 13 (100)
BMI, kg/m2, mean (SD) 24.5 (2.81) 25.2 (1.85) 24.8 (2.39) 24.0 (2.88) 24.3 (1.48) 24.1 (2.44) 23.8 (2.78) 25.3 (2.40) 24.5 (2.62)
FibroTest score, mean (SD) 0.2 (0.21) 0.4 (0.18) 0.3 (0.20) 0.2 (0.10) 0.3 (0.23) 0.2 (0.17) 0.1 (0.07) 0.4 (0.18) 0.2 (0.19)
HBV genotype, n (%)

B 2 (14.3) 7 (58.3) 9 (34.6) 5 (27.8) 4 (40.0) 9 (32.1) 4 (57.1) 5 (83.3) 9 (69.2)
C 12 (85.7) 4 (33.3) 16 (61.5) 11 (61.1) 5 (50.0) 16 (57.1) 3 (42.9) 1 (16.7) 4 (30.8)
D 0 1 (8.3) 1 (3.8) 2 (11.1) 0 2 (7.1) 0 0 0
I 0 0 0 0 1 (10.0) 1 (3.6) 0 0 0

HBV DNA, log10 IU/ml,
median (min, max)

8.2 (5.8, 8.9) 5.0 (3.5, 7.2) 6.6 (3.5, 8.9) 8.3 (7.4, 8.9) 4.7 (3.2, 7.2) 7.7 (3.2, 8.9) 8.2 (7.5, 8.6) 5.3 (3.7, 7.3) 7.5 (3.7, 8.6)

HBV RNA, log10 copies/ml,
median (min, max)

6.56 (5.21, 7.90) 3.52 (2.48, 5.78) 5.57 (2.48, 7.90) 6.93 (5.65, 8.47) 3.35 (2.48, 5.09) 6.46 (2.48, 8.47) 6.78 (6.44, 7.39) 4.15 (2.48, 5.67) 6.44 (2.48, 7.39)

HBsAg, log10 IU/ml,
median (min, max)

4.6 (2.4, 5.0) 3.5 (2.2, 4.3) 4.0 (2.2, 5.0) 4.6 (4.0, 5.1) 3.6 (2.1, 4.6) 4.6 (2.1, 5.1) 4.7 (3.6, 5.0) 3.5 (2.7, 3.8) 3.8 (2.7, 5.0)

HBeAg, log10 IU/ml,
median (min, max)

3.00 (0.93, 3.15) ND ND 3.03 (2.01, 3.15) ND ND 2.96 (2.13, 3.15) ND ND

HBcrAg, log10 U/ml,
median (min, max)

8.6 (6.8, 8.9) 4.7 (2.5, 6.4) 6.9 (2.5, 8.9) 8.6 (7.6, 9.0) 3.4 (2.8, 6.2) 8.3 (2.8, 9.0) 8.6 (6.9, 9.0) 4.7 (2.6, 6.6) 6.9 (2.6, 9.0)

ALT, U/L, mean (SD) 41 (30.8) 72 (91.9) 56 (66.7) 42 (28.6) 42 (46.6) 42 (35.2) 26 (10.3) 43 (18.2) 34 (16.5)
ALT <−ULN, n (%)b 8 (57.1) 6 (50.0) 14 (53.8) 10 (55.6) 8 (80.0) 18 (64.3) 7 (100) 2 (33.3) 9 (69.2)
Prior NA treatment, n (%)

Entecavir 0 3 (25.0) 3 (11.5) 2 (11.1) 0 2 (7.1) 0 0 0
Lamivudine 1 (7.1) 1 (8.3) 2 (7.7) 2 (11.1) 1 (10.0) 3 (10.7) 0 0 0
TDF 2 (14.3) 3 (25.0) 5 (19.2) 3 (16.7) 1 (10.0) 4 (14.3) 0 0 0

Prior IFN treatment for HBV,
n (%)

Yes 0 1 (14.3) 1 (9.1) 2 (25.0) 1 (33.3) 3 (27.3) 1 (100) 0 1 (50.0)
No 4 (100) 6 (85.7) 10 (90.9) 6 (75.0) 2 (66.7) 8 (72.7) 0 1 (100) 1 (50.0)
Missing 10 5 15 10 7 17 6 5 11

ALT, alanine aminotransferase; FAS, full analysis set; HBcrAg, hepatitis B core-related antigen; IFN, interferon; NA, nucleos(t)ide analogue; ND, not determined; PBO, placebo; SAS, safety analysis set; SLGN, selgantolimod; TAF,
tenofovir alafenamide; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.
a Also received TAF 25 mg once daily.
b ULN defined for ALT by the American Association for the Study of Liver Disease is 25 U/L for females and 35 U/L for males.
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Table 2. Safety summary through week 48 and the most common TEAEs.

24-week regimen 48-week regimen

SLGN 3 mga

(n = 26)
SLGN 1.5 mga

(n = 28)
PBOa

(n = 13)
SLGN 3 mga

(n = 26)
SLGN 1.5 mga

(n = 28)
PBOa

(n = 13)

Any TEAE 22 (84.6) 17 (60.7) 10 (76.9) 23 (88.5) 19 (67.9) 10 (76.9)
TEAE Grade >−3 0 0 1 (7.7) 0 0 1 (7.7)
TEAE related to study drug 17 (65.4) 9 (32.1) 3 (23.1) 17 (65.4) 9 (32.1) 3 (23.1)
TEAE related to TAF 5 (19.2) 4 (14.3) 2 (15.4) 5 (19.2) 4 (14.3) 2 (15.4)
TE SAE 1 (3.8) 0 0 1 (3.8) 0 0
TEAE leading to premature
discontinuation of study drug

1 (3.8) 0 0 1 (3.8) 0 0

TEAEs reported by >−10% of patients in any treatment group
Nausea 8 (30.8) 6 (21.4) 0 8 (30.8) 6 (21.4) 0
Headache 3 (11.5) 5 (17.9) 2 (15.4) 3 (11.5) 5 (17.9) 2 (15.4)
Vomiting 6 (23.1) 3 (10.7) 0 6 (23.1) 3 (10.7) 0
Fatigue 5 (19.2) 3 (10.7) 0 5 (19.2) 3 (10.7) 0
Dizziness 5 (19.2) 1 (3.6) 0 5 (19.2) 1 (3.6) 0
Diarrhea 3 (11.5) 1 (3.6) 2 (15.4) 3 (11.5) 1 (3.6) 2 (15.4)
Nasopharyngitis 1 (3.8) 2 (7.1) 1 (7.7) 1 (3.8) 2 (7.7) 1 (7.7)
Abdominal pain 1 (3.8) 3 (10.7) 0 1 (3.8) 3 (10.7) 0
Chills 4 (15.4) 0 0 4 (15.4) 0 0

PBO, placebo; SAE, serious adverse event; SLGN, selgantolimod; TAF, tenofovir alafenamide; TEAE, treatment-emergent adverse event.
Data shown as n (%).
a Also received TAF 25 mg once daily.
the TFFU period. No grade 4 laboratory abnormalities were
reported with selgantolimod 3 mg.

ALT slightly decreased through week 48, with decreases from
baseline in the selgantolimod groups being numerically greater
than those in the placebo group (median changes of −6, −8,
and +1 U/L in the selgantolimod 3 mg, selgantolimod 1.5 mg, and
placebo groups, respectively, at week 48). ALT rebounded to
near-baseline levels in all treatment groups during the TFFU
period (Fig. S2). No patients experienced an ALT flare (serum ALT
>2 × baseline and >−5 × the upper limit of normal [ULN]) by week
24 and up to week 48. There were no confirmed treatment-
emergent elevations in ALT meeting the American Association
for the Study of Liver Diseases criteria for hepatitis flare (ALT >−3
× baseline and >100 U/L)4 by week 24 and up to week 48. Four
patients had ALT elevations that met the criteria for both an ALT
flare and hepatitis flare during the TFFU phase of the study, and
two patients had ALT elevations that met the criteria for hepatitis
flare only. No relationship was observed between ALT flares and
cytokine changes.

Pharmacodynamics
In general, median IL-12p40, IL-1RA, and IFN-c serum concen-
tration ratios following dosing were higher in both selgantoli-
mod treatment groups compared with placebo, with peak
concentrations occurring approximately 4 h postdose for both
selgantolimod doses and returning to near-baseline levels 24 h
postdose (Fig. 1). The magnitude of increase in the IL-12p40,
IL-1RA, and IFN-c concentration ratios tended to be greater
with selgantolimod 3 mg vs. 1.5 mg. Dose-dependent cytokine
responses to selgantolimod are shown in Fig. 2. Many cytokines
and chemokines (e.g. C–C motif chemokine ligands 8 and 20,
IFN-c, IL-12p70) increased on treatment in both selgantolimod
dose groups. Acute phase proteins, serum amyloid A and
C-reactive protein, had delayed kinetics with peak levels ach-
ieved at 24 h postdose. These also increased in a dose-dependent
manner and returned to near-baseline levels before the next
dose period.

Fold changes in HLA-DR+ CD11c+ peripheral blood myeloid
cells (including monocytes and classical/conventional dendritic
JHEP Reports 2024
cells) of both selgantolimod-treated groups reached peak levels
4 h postdose (p <0.001 for selgantolimod 1.5 and 3 mg doses vs.
placebo; Fig. 3A). A significant reduction in CD3+ lymphocytes
from circulation 4 h postdose in selgantolimod-treated patients
was also apparent for both selgantolimod dose groups vs. pla-
cebo (p <0.001; Fig. 3B). For the myeloid- and T-cell subsets, the
respective increases and decreases from circulation were near
predose levels at 24 h postdose. No changes were detected in
peripheral immune cell populations with selgantolimod post-
dose, with only minor alterations in HLA-DR+ CD19+ B- and
CD56+ CD3− NK-cell populations (Fig. 3C and D). The minor al-
terations in B- and NK-cell populations were generally compa-
rable across treatment groups.

Antiviral activity
No patients achieved >−1 log10 IU/ml decline from baseline in
serum HBsAg at week 24 (primary efficacy endpoint). The
greatest declines at weeks 24 and 48 in HBsAg occurred in
patients who received selgantolimod (3 or 1.5 mg; Fig. 4A). At
week 24, mean changes were −0.08, −0.11, and −0.03 log10 IU/ml
in the selgantolimod 3 mg, selgantolimod 1.5 mg, and placebo
groups, respectively; at week 48, respective changes were −0.12,
−0.16, and −0.12 log10 IU/ml (p >0.05 for all treatment group
comparisons at weeks 24 and 48; Table S3). In addition, at week
24, HBsAg declines of >−0.5 log10 IU/ml were observed in 2 of 24
(8%), 1 of 28 (4%), and 0 patients receiving selgantolimod 3 mg,
selgantolimod 1.5 mg, and placebo, respectively. At week 48,
HBsAg declines of >−0.5 log10 IU/ml were observed in 2 of 24 (8%),
2 of 27 (7%), and 0 patients receiving selgantolimod 3 mg,
selgantolimod 1.5 mg, and placebo, respectively. In general,
HBsAg decreased slightly through week 48, then returned to
near-baseline levels during the TFFU phase (Fig. 4B).

Stratifying patients by HBV genotype (types B and C; Fig. S3)
or HBsAg levels at baseline (<1,000 IU/ml vs. >−1,000 IU/ml;
Fig. S4) did not reveal differences in HBsAg levels through week
48. Levels of viremia (stratifying patients with baseline HBV DNA
>20,000 IU/ml) did not influence HBsAg levels through week 48
(Fig. S5). A further subgroup analysis comparing HBsAg changes
from baseline among those with and without ALT flares
5vol. 6 j 100975
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demonstrated similar changes in HBsAg at the end of selganto-
limod treatment (week 24; –0.06 and –0.09 log10 IU/ml,
respectively; p = 0.26; Table S4). HBsAg changes up to week 48
were numerically less in those with flares vs. those without flares
(–0.07 vs. –0.14, respectively; p = 0.21).

Overall, selgantolimod-treated patients with a baseline ALT
>ULN had greater HBsAg change at week 24 (–0.20 vs. –0.03 log10
IU/ml; p <0.001) and week 48 (–0.27 vs. –0.05 log10 IU/ml;
JHEP Reports 2024
p = 0.001) than those with ALT <−ULN. In patients with a baseline
ALT >ULN, changes in log10 IU/ml HBsAg were –0.20 and
–0.11 at week 24 among patients who received selgantolimod vs.
placebo, respectively (p = 0.54); the respective changes in log10
IU/ml HBsAg were –0.27 and –0.18 at week 48 (p = 0.79). In
patients with a baseline ALT <−ULN, HBsAg changes were similar
between selgantolimod and placebo groups at weeks 24 and 48.
Change in HBsAg was greater in patients receiving selgantolimod
6vol. 6 j 100975
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who were HBeAg positive vs. negative at baseline: –0.14 and
–0.03 log10 IU/ml, respectively, at week 24 (p <0.001) and –0.22
and –0.02, respectively, at week 48 (p <0.001).

No patients achieved HBsAg or HBeAg loss (defined as a
negative qualitative antigen result) or seroconversion. Decreases
in HBeAg (in HBeAg-positive patients only) and HBcrAg were
numerically greater in patients receiving selgantolimod vs. pla-
cebo through week 48, with both HBeAg and HBcrAg returning
to near-baseline levels during the TFFU period (Fig. S6).

At week 24, 9 of 24 (38%), 9 of 28 (32%), and 4 of 12 (33%)
patients receiving selgantolimod 3 mg, selgantolimod 1.5 mg,
and placebo, respectively, had HBV DNA below the lower limit of
quantification. Of these patients, one in the selgantolimod 3 mg
group was HBeAg positive at baseline. At week 48, 12 of 24 (50%),
12 of 27 (44%), and 5 of 11 (46%) patients receiving selgantolimod
3 mg, selgantolimod 1.5 mg, and placebo, respectively, had HBV
DNA below the lower limit of quantification. Of these patients,
three in the selgantolimod 3 mg group and three in the selgan-
tolimod 1.5 mg group were HBeAg positive at baseline. A 2 log10
IU/ml decline in HBV DNA was observed in all treatment groups
as early as week 2, with HBV DNA continuing to decline until
week 24, then remaining numerically stable through week 48.
HBV DNA levels returned to near-baseline levels during the TFFU
period (Fig. 5A). Patients with or without ALT and hepatitis flares
had similar changes in HBV DNA (Table S5). All six patients with
an ALT flare had an increase in HBV DNA during the TFFU period.
The rate of rebound in HBV DNA was numerically greater in
HBeAg-positive vs. -negative patients, most likely due to greater
baseline levels of HBV DNA.
JHEP Reports 2024
Over the course of 96 weeks, median total HBV RNA did not
significantly change from baseline, regardless of treatment
(Fig. 5B). Stratifying patients by HBV genotype did not reveal any
significant changes in HBV RNA throughout the study (Fig. S7).
Overall, the rate of HBV RNA rebound during TFFU was equiva-
lent between HBeAg-positive and -negative patients. No patients
developed treatment-emergent resistance to any study drug.
Discussion
This phase II study evaluated the safety, PD, and antiviral activity
of selgantolimod with TAF in viremic patients with CHB not
currently on treatment. Selgantolimod at doses of 1.5 mg or 3 mg
administered QW for 24 weeks was generally well tolerated.
Selgantolimod administeredwith TAF resulted in dose-dependent
increases in immunomodulatory cytokines and led to numerically
greater declines in HBsAg levels comparedwith TAFmonotherapy
during the treatment phase.

The safety profile of selgantolimod in this study is similar to
that observed in prior phase II and phase Ia/b studies.25,28,29

Most TEAEs associated with selgantolimod during the treat-
ment period were grade 1. Gastrointestinal-related TEAEs were
the most common during treatment (Table 2). TEAEs considered
related to study drug were dose proportional, particularly
nausea, fatigue, and vomiting. Only one patient (1.5 mg group)
had a TEAE (upper abdominal pain and vomiting) related to
selgantolimod that led to treatment discontinuation; this TEAE
resolved the same day it occurred. Overall, most TEAEs reported
with selgantolimod likely represented drug-related signals and
7vol. 6 j 100975
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were manageable. An ongoing phase IIa trial (NCT04891770) is
evaluating selgatolimod and the immune-checkpoint inhibitor
nivolumab in combination with the small interfering ribonucleic
acid VIR-2218 in NA-treated patients with viremic HBV infection;
the results of this trial will help to characterize selgantolimod’s
safety as part of combination regimens.

Increased ALT and hepatic inflammation in the natural course
of CHB infection are often due to host immune-mediated anti-
viral response.30 During the treatment period, ALT levels
declined from baseline in all treatment groups then rebounded
to near-baseline levels during the TFFU phase. Six patients
exhibited ALT flares during the TFFU period. This was most likely
related to TAF discontinuation.31 After discontinuation of OAVs,
viral rebound may occur and trigger greater responsiveness of T
cells; less exhausted T cells may be more likely to achieve anti-
gen suppression and show a higher proliferative capacity.32

These flares did not appear to be associated with any statisti-
cally significant changes in HBV DNA or HBsAg levels based on
JHEP Reports 2024
comparison with patients who did not experience such flares (up
to week 48).

Selgantolimod-induced cytokines may be important for the
expansion and activity of multiple T-cell subsets as well as some
innate immune subsets. Median IL-12p40, IL-1RA, and IFN-c
levels tended to peak approximately 4 h after selgantolimod
dosing. The magnitude of IL-12p40, IL-1RA, and IFN-c PD
responses postdose was similar at each study time point, indi-
cating a lack of tachyphylaxis, which supports weekly dosing in
future studies. These changes were accompanied by apparent
shifts in the balance of circulating myeloid and lymphoid cell
populations, with some T-cell populations depleted from circu-
lation, while B- and NK-cell populations were unaffected. These
data suggest selgantolimod induces rapid redistribution of some
immune cell subsets from circulation, possibly into the liver or
other tissues. Flow cytometry data at these time points did not
indicate signals of lymphocyte activation (data not shown),
which have been observed in selgantolimod studies with PBMCs
9vol. 6 j 100975
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in vitro.26 This could be explained by the greatest exposure of
selgantolimod occurring in the gut and liver, whereas blood cells
may have limited exposure to the study drug.

The primary efficacy endpoint (>−1 log10 IU/ml decline from
baseline in HBsAg at week 24) was not met by any study patient.
No patients achieved HBsAg or HBeAg seroconversion. During
the treatment period, the greatest changes from baseline in
HBsAg were in the selgantolimod-treated groups, including
HBsAg declines >−0.5 log10 IU/ml observed only in selgantolimod-
treated patients. Among patients who received selgantolimod,
changes were greater in those with a baseline ALT >ULN or who
were HBeAg positive. These observed differences in HBsAg by
HBeAg status and baseline ALT are reported in other studies.33,34

Following the decline in HBV DNA during the treatment period
JHEP Reports 2024
(which was numerically greater in the selgantolimod 3 mg group
vs. the placebo group among HBeAg-positive patients), HBV DNA
returned to near-pretreatment levels during TFFU. Small declines
during treatment in HBV RNA, HBeAg, and HBcrAg were
nonsignificant and returned to near-baseline levels during TFFU.
These findings are similar to those observed in virologically
suppressed patients.25 No patients experienced treatment-
emergent resistance in this study.

The current goal of HBV cure strategies is to achieve durable
off-treatment HBsAg loss with or without seroconversion to anti-
HBsAg antibodies. NAs do not directly target covalently closed
circular DNA, the template for HBV replication.35 Novel
combination-treatment approaches using distinct, but comple-
mentary, MoAs likely represent the best path to achieve durable
10vol. 6 j 100975



HBV responses off treatment. As proof of concept for this
approach, combining pegylated-IFN-a with NAs resulted in
increased antiviral activity and HBsAg loss compared with NA
monotherapy.36 Given the poor tolerability of pegylated-IFN-a,
new immune-modifying agents are needed for combination
therapies (e.g., with antigen-reducing agents) to achieve HBV
cure in the majority of individuals living with CHB.

This study has several limitations, including a small sample
population that was predominantly Asian. Selgantolimod was
administered for only 24 weeks, which may not be long enough
to reveal any long-term treatment-related AEs or further changes
JHEP Reports 2024
in antiviral activity. For example, HBcrAg, a surrogate marker for
the transcriptional activity of covalently closed circular DNA,
may not show changes from baseline within a 24-week treat-
ment period. Previous reports of agents with different MoAs
suggest this may take an extended period of time.37–39

In conclusion, selgantolimod was safe and well tolerated at
doses up to 3 mg when administered with TAF to patients with
CHB. This study demonstrated limited activity for selgantolimod
as a monotherapy. The observed PDs and antiviral activity sug-
gest that future studies should focus on combining varying
MoAs, which is likely the best path to functional cure of HBV.
Abbreviations
AE, adverse event; ALT, alanine aminotransferase; CHB, chronic hepatitis
B; HBcrAg, hepatitis B core-related antigen; IFN, interferon; IL-, inter-
leukin-; MoAs, mechanisms of action; NA, nucleos(t)ide analogue; NK,
natural killer; OAV, oral antiviral; PBMC, peripheral blood mononuclear
cell; PD, pharmacodynamic; QW, once weekly; TAF, tenofovir alafena-
mide; TEAE, treatment-emergent adverse event; TFFU, treatment-free
follow-up; TLR, Toll-like receptor.
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