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Analysis of HBsAg Immunocomplexes
and cccDNA Activity During and
Persisting After NAP-Based Therapy

Michel Bazinet,! Mark Anderson,” Victor Pantea,’ Gheorghe Placinta,’ Iurie Moscalu,* Valentin Cebotarescu,’ Lilia Cojuhari,3
Pavlina_]imbei,5 Liviu Iarovoi,® Valentina Smesnoi,s Tatina Musteata,s Alina ]ucov,3’4 Ulf Dittmer,6 Jeff Gersch,” Vera Holzmayer,2

Mary Kuhns,? Gavin Cloherty,” and Andrew Vaillant

Therapy with nucleic acid polymers (NAPs), tenofovir disoproxil fumarate (TDF), and pegylated interferon (pegIFN)
achieve high rates of HBsAg loss/seroconversion and functional cure in chronic hepatitis B virus (HBV) infection.
The role of hepatitis B surface antigen (HBsAg) seroconversion and inactivation of covalently closed circular DNA
(cccDNA) in establishing functional cure were examined. Archived serum from the REP 401 study was analyzed using
the Abbott ARCHITECT HBsAg NEXT assay (Chicago, IL), Abbott research use—only assays for HBsAg immune
complexes (HBsAg ICs), circulating HBV RNA, and the Fujirebio assay for hepatitis B core-related antigen (HBcrAg;
Malvern, PA). HBsAg became < 0.005 IU/mL in 23 participants during NAP exposure, which persisted in all partici-
pants with functional cure. HBsAg IC declined during lead-in TDF monotherapy and correlated with minor declines
in HBsAg. Following the addition of NAPs and peglFN, minor HBsAg IC increases (n = 13) or flares (n = 2) dur-
ing therapy were not correlated with HBsAg decline, hepatitis B surface antibody (anti-HBs) titers, or alanine ami-
notransferase. HBsAg IC universally declined during follow-up in participants with virologic control or functional cure.
Universal declines in HBV RNA and HBcrAg during TDF monotherapy continued with NAP + pegIFN regardless of
therapeutic outcome. At the end of therapy, HBV RNA was undetectable in only 5 of 14 participants with functional
cure but became undetectable after removal of therapy in all participants with functional cure. Undetectable HBV
RNA at the end of therapy in 5 participants was followed by relapse to virologic control or viral rebound. Conclusion:
Anti-HBs-independent mechanisms contribute to HBsAg clearance during NAP therapy. Inactivation of cccDNA does
not predict functional cure following NAP-based therapy; however, functional cure is accompanied by persistent inacti-
vation of cccDNA. Persistent HBsAg loss with functional cure may also reflect reduction/clearance of integrated HBV
DNA. Clinicaltrials.org number NCT02565719. (Hepatology Communications 2021;5:1873-1887).

hronic hepatitis B virus (HBV') infection affects During chronic HBV infection, abundant circulat-
approximately 300 milli le worldwide,”) i ions of the hepatitis B surf; i
pproximately million people worldwide,"” ing concentrations of the hepatitis B surface antigen
and the onset of fibrosis, cirrhosis, and hepato- (HBsAg) are maintained through the production of
cellular carcinoma accompanying chronic HBV infec- noninfectious subviral particles (SVPs) produced sep-
tion® is responsible for 887,000 deaths annually.(S) arately from infectious virus,” and which outnumber
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virus by a ratio of approximately 10,000:1.°) The chro-
nicity of HBV-derived hepatitis is maintained in good
part by suppression of innate and adaptive immune
function against HBV infection® by this persistently
circulating pool of SVP-derived HBsAg. 7

Restoring immune control of HBV infection so
that treatment is no longer required to control liver
disease (functional cure, with normal alanine amino-
transferase [ALT], HBsAg < 0.05 IU/mL, and unde-
tectable HBV DNA) requires clearance of HBsAg
that persists in the absence of therapy. High rates
of functional cure of HBV are not achievable with
currently approved therapies.®) While nucleos(t)ide-
based (NUC) antiviral agents effectively inhibit viral
replication and prevent progression of liver disease in
most cases, NUCs have little effect on the circulat-
ing HBsAg due to their inability to target the pro-
duction of SVP. Additionally, integration of the HBV
viral genome into host chromosomes!” provides a
durable reservoir of SVP production, which is not
impacted by the inhibition of viral replication or inhi-
bition of covalently closed circular DNA (cccDNA).
The use of pegylated interferon (pegIFN) alone can
achieve low rates of functional cure only marginally
improved by its use in combination with NUCs.!)

Nucleic acid polymers (NAPs) selectively block
the assembly of SVP,"? effectively inhibiting HBsAg
release from hepatocytes harboring either cccDNA or
integrated HBV DNA."®) This effect is accompanied
by reduction in intracellular HBsAg due its increased
exposure to degradation as dimers."*'¥ The effect of
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NAPs is limited to the inhibition of SVP assembly:
no inhibition of HBV RNA or HBV DNA synthesis
or production/secretion of HBV core antigen, HBV e
antigen, or infectious Dane particles occurs. "™ In vivo,
NAP therapy leads to reduction of both viral repli-
cation in the liver and clearance of HBsAg from the
blood and liver and multilog reductions in liver HBV
DNA and cccDNA, effects that persist after removal of
NAP therapy."*'”) Several clinical trials have demon-
strated the reproducibility and genotype-independent
nature of this effect in patients with hepatitis B e
antigen (HBeAg)-positive or HBeAg-negative HBV
mono-infection and HBeAg-negative HBV/hepatitis
D virus (HDV) co-infection. "% Tn these trials,
the speed of HBsAg clearance and the proportion of
patients achieving HBsAg loss was markedly improved
by the addition of thymosin al or peglFN, which was
correlated by the appearance of restored immune func-
tion including rapid increases in hepatitis B surface
antibodies (anti-HBs) and the appearance of asymp-
tomatic host—derived transaminase flares. The addition
of peglFN also increased the proportion of partici-
pants achieving functional cure of HBV. When used in
combination with TDF and pegIlFN, NAPs achieved
functional cure in 39% of participants completing
therapy in the REP 401 study.(lg) The maintenance of
functional cure of HBV and HDV after removal of
NAP-based therapy has been shown to persist for at
least 5 years.1®2% These clinical benefits were recently
shown to be linked to the high prevalence of therapeu-
tic transaminase flares in the REP 401 study.®V
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The persistence of cccDNA in the liver during
chronic HBV infection® and its simultaneous rapid
turnover® promote both the continued production
of virions and the ability of chronic HBV infection to
establish viral mutations capable of evading the immune
response?**) and/or the action of many direct-acting
antiviral therapies, either approved(26) or in devel-
opment.?”) Both circulating HBV RNA®?? and
HBcrAg®**Y have been shown to be indirect markers
of transcriptional activity of cccDNA within the liver.
In patients co-infected with HBV/HDV receiving a
suboptimal NAP-based combination therapy regimen,
inactivation of cccDNA achieved during therapy was
durably maintained after removal of therapy in 4 of
11 participants completing therapy.(zo) In these par-
ticipants, HBsAg was maintained < 0.005 IU/mL (as
determined by Abbott ARCHITECT HBsAg NEXT
with lower limit of detection (LLOD) of 0.005 IU/
mL) in these participants in the absence of measurable
HBsAg immunocomplexes (HBsAg 1C).%9 To better
understand the virologic responses occurring during and
persisting after NAP-based combination therapy in the
REP 401 study, HBsAg reduction was evaluated using
the Abbott ARCHITECT HBsAg NEXT assay, and
the role of anti-HBs in this clearance was evaluated by
examining HBsAg immunocomplexes. Transcriptional
inactivation of cccDNA was examined through circu-

lating HBV RNA and HBcrAg.

Patients and Methods

The REP 401 study was a randomized, controlled,
phase 2 study examining the safety and efficacy of
NAP-based combination therapy with either REP
2139-Mg or REP 2165-Mg, TDF, and pegIFN"? in
treatment-naive HBeAg-negative chronic HBV infec-
tion. The trial design is summarized in Fig. 2A and
consisted of randomization of 40 participants with-
out cirrhosis after completion of 24 weeks of TDF
monotherapy into control (receiving TDF + pegIFN)
or experimental (receiving TDF + peglFN + NAPs)
groups. NAP-based combination therapy proceeded
for 48 weeks in the experimental group and in the con-
trol group following crossover after HBsAg response
during 24 weeks of TDF + pegIFN indicated futility
of achieving functional cure in the absence of NAPs.
Following removal of all therapy, all participants were

followed for 48 weeks.'” The REP 401 protocol and
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participant recruitment and management during the
study have been previously published.(lg) Briefly, 1
participant withdrew from therapy after the introduc-
tion of peglFN due to depression, and 2 participants
withdrew after 24 weeks of peglFN for personal rea-
sons not related to safety. All 3 completed follow-up.
Follow-up of 48 weeks was completed in 33 partici-
pants; follow-up of 24 weeks was completed in 6 par-
ticipants; and follow-up of 12 weeks was completed in
1 participant.’” The primary safety and efficacy end-
points in this study have been previously published.!”

Serum samples obtained every 4 weeks during
therapy and at each follow-up visit were analyzed for
a variety of experimental endpoints. Where quan-
titative HBsAg (qHBsAg; Abbott ARCHITECT)
was < 0.05 IU/mL, samples were additionally tested
using the qualitative Abbott ARCHITECT HBsAg
NEXT assay®” with LLOD of 0.005 TU/mL. All
available time points were evaluated with the Abbott
Research Use Only (RUO) assay for HBsAg immu-
nocomplexes (HBsAg IC), Abbott RUO HBV RNA
(lower limit of quantification [LLOQ] = 1.65 log,,
copies/mL) through quantitative real-time polymerase
chain reaction and HBcrAg (upper limit of quanti-
fication = 6.8 log,, U/mL; LLOQ_= 3 log,, U/mL)
using the Fujirebio Lumipulse assay.

Circulating HBV RNA was detected using
the Abbott RealTime HBV-RNA RUO assay
(Abbott Diagnostics, Abbott Park, IL) as previously
described.®® This dual-target assay is designed to
quantify HBV RNA from highly conserved targets in
the core and X genes located at the 5 and 3’ ends
of the full-length pregenome RNA (pgRNA), respec-
tively. Primers are capable of amplifying RNA from
both pgRNA and HBV messenger RNA. Assay values
are reported as log units per milliliter, determined by
calibration of the assay with a DNA secondary stan-
dard (Abbott Molecular, Des Plaines, IL) that is trace-
able to the World Health Organization HBV-DNA
standard, where 1 U of HBV RNA is equal to 1 IU of
HBV DNA. LLOQs were calculated to be 1.81 and
1.65 log U/mL for core and X targets, respectively.

The HBsAg/anti-HBs IC assay is an RUO assay
developed for the automated Abbott ARCHITECT
platform. The assay is a two-step chemiluminescent
microparticle immunoassay used for the qualitative
detection of HBsAg/anti-HBs immune complexes. In
the first step, a mouse anti-HBs monoclonal antibody

is used to capture uncomplexed HBsAg or HBsAg
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complexed with patient-derived anti-HBs antibodies.
In the second step, an acridinium-labeled monoclo-
nal antibody directed against human immunoglobulin
(IgG) is added to the reaction. After a wash step to
remove unbound material, pretrigger and trigger are
added to the reaction to induce a fluorescent emission
of the acridinium, which is measured by the instrument
and reported as relative light units (RLUs). Changes
in RLU signal over time in individual patients can
be used to show increasing or decreasing amounts of
HBsAg/anti-HBs immune complexes.

These experimental virologic markers were evalu-
ated in comparison with previously published qHB-
sAg (Abbott ARCHITECT; LLOQ_= 0.05 IU/mL),
anti-HBs (Abbott ARCHITECT), HBV DNA
(Abbott RealTime HBV; LLOQ_= 10 IU/mL), and
ALT (upper limit of normal [ULN] = 50 U/L))
data, which are presented in a different arrangement
to facilitate interpretation.

For predictive testing of outcomes from on-therapy
milestones, published outcomes from the REP 401
study were used except that the single participant
(02-005), which was not assigned an outcome, was
assigned to the virologic control group with qHB-
sAg = 3.04 IU/mL, anti-HBs = 8.41 mIU/mL, HBV
DNA < LLOQ, and ALT = 60 U/L (ULN = 50 U/L)
at 48 weeks of follow-up.!?)

For the purposes of plotting and statistical analysis,
HBV RNA values of target not detected were right-
censored to 1 log,, copies/mL, and when < LLOQ_
were left censored to 1.5 log,, copies/mL. HBcrAg >
6.8 log,, U/mL was right-censored to 7 log,, U/L, and
< 3 log,, U/mL was left-censored to 2.5 log;, U/mL.
Statistical differences between discrete variables were
assessed by Fisher’s exact test, and between means of
continuous variables were assessed by Student 7 test
or analysis of variance where appropriate. Statistical
significance was considered met with P < 0.05. All
authors had access to the study data and reviewed and
approved the final manuscript.

Results

CORRELATES BETWEEN
BASELINE VIROLOGY AND
THERAPEUTIC OUTCOME

As previously published,(lg) 40 participants with
treatment-naive HBeAg-negative chronic HBV
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infection received 24 weeks of TDF in the REP 401
study, followed by randomization to receive 48 weeks
of TDF + peglFN + NAPs or TDF + peglFN. After
receiving 24 weeks of TDF + peglFN, these partici-
pants were crossed over to 48 weeks of TDF + peglFN
+ NAPs. At the end of 48 weeks of treatment-free
tollow-up in the REP 401 study, 14 participants had
achieved functional cure, 15 had achieved virologic
control, and 11 had experienced rebound.!™ There
was no correlation between baseline gHBsAg, HBsAg
IC, ALT, HBV DNA, HBV RNA, or HBcrAg and
therapeutic outcome (Fig. 1). Additionally, the levels
of HBsAg IC present at baseline were not correlated
with baseline HBsAg or ALT or HBsAg response
during therapy (Fig. 1).

EXTENT OF HBsAg REDUCTION
During therapy in the REP 401 study, gHBsAg

was observed to decline and persistently remain at
levels reported as 0.00 IU/mL in 60% of participants.
qHBsAg remained at this level throughout follow-up
in 35% of participants."” For those qHBsAg results
reported as < 0.05 IU/mL, HBsAg was additionally
determined by HBsAg NEXT (Fig. 2B). In nine
cases, the initial result of < 0.05 IU/mL during the
HBsAg decline on therapy was > 0.005 IU/mL; how-
ever, the subsequent HBsAg decline during therapy
in all participants achieving HBsAg < 0.05 IU/mL
was shown to be < 0.005 IU/mL within 4 weeks.
Additionally, HBsAg declines in all participants main-
taining HBsAg < 0.05 IU/mL during follow-up were
also confirmed to be < 0.005 IU/mL (Fig. 2B). All 14
participants achieving functional cure had HBsAg <
0.005 IU/mL at the end of follow-up (Table 1).

HBsAg 1C DURING THERAPY AND
FOLLOW-UP

Given the high rate of HBsAg loss and serocon-
version observed during therapy that persisted during
treatment-free follow-up, the role of anti-HBs in clear-
ing HBsAg during therapy and maintaining clearance
during follow-up was assessed by analyzing changes
in HBsAg IC. HBsAg IC declined significantly
during TDF monotherapy in 14 of 40 participants
(Figs. 3A and 4). This decline was significantly cor-
related with declines in HBsAg (Supporting Fig. S1).
With the introduction of pegIlFN in the control
group or peglFN + NAPs in the experimental group,
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FIG. 1. Baseline virologic parameters are not correlated with HBsAg response or therapeutic outcome in the REP 401 study. Differences
between baseline HBsAg (A), HBsAg IC (B), ALT (C), HBV DNA (D), HBV pgRNA (E), and HBcrAg (F) in participants experiencing
viral rebound (n = 11), virologic control (n = 15), or functional cure (FC, n = 14) after removal of therapy are presented. No significant
difference in any baseline parameter between therapeutic outcomes was observed as determined by analysis of variance. Baseline levels
of HBsAg IC were not correlated with baseline HBsAg (G), baseline ALT (H), or HBsAg reduction from baseline (I) during therapy.
Abbreviations: FC, functional cure; VC, virologic control; VR, viral rebound.

no additional changes in HBsAg IC were observed in
39 of 40 participants (Fig. 4). During NAP therapy
in the 28 participants achieving HBsAg < 1 IU/mL,
HBsAg IC “flares” were observed in 2 participants
(01-007 and 02-050) and minor but gradual increases
in HBsAg IC (2 1.5x baseline) were observed during
the last half of NAP exposure in 13 participants, but
no increases in HBsAg IC were observed throughout
NAP therapy in the remaining 13 participants (Fig. 4).
HBsAg IC dynamics were not correlated with ALT
flares or increases in anti-HBs observed during NAP

therapy (Fig. 4) nor with HBsAg declines during

NAP therapy (Fig. 2B). During follow-up, HBsAg
IC continually declined in all participants maintain-
ing HBsAg < 1 IU/mL during follow-up (Fig. 4). No
changes in HBsAg IC from baseline were observed in
all 11 participants experiencing viral rebound during
therapy and follow-up (Supporting Fig. S2).

PARTICIPANTS WITH INCREASED
HBsAg IC DURING THERAPY

Gradual increases in HBsAg IC occurred during
the last 24 weeks of NAP therapy in 13 of 40
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and no increase in HBsAg S/Co during follow-up are indicated on the right. HBsAg responses in participants experiencing viral rebound
during follow-up are presented in Supporting Fig. S1. Treatment paradigms are indicated at the top. qHBsAg responses were previously

published.(lg) Abbreviations: CTL, control; EXP, experimental.

participants with 2 additional participants expe-
riencing HBsAg IC “flares” (Fig. 4). The HBsAg
IC flare in participant 01-007 occurred concomi-
tantly with the initial decline in HBsAg but not in
participant 02-050, in whom the HBsAg IC flare
was observed after stable HBsAg reduction to <
0.005 IU/mL had occurred. In participants experi-
encing gradual minor increases in HBsAg IC near
the end of NAP therapy, no changes in HBsAg were
correlated with these increases. HBsAg IC declined
universally during follow-up in each participant
(Fig. 5).
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HBV RNA AND HBcrAg DURING
THERAPY AND FOLLOW-UP

Declines in HBV RNA and HBcrAg during
TDF monotherapy were significantly greater than
the HBsAg declines observed (Fig. 3B). HBV RNA
declines > 1 log,, from baseline during TDF mono-
therapy occurred in 11 of 40 participants with a
maximum decline of 3.6 log,, copies/mL observed.
HBcrAg declines >
TDF monotherapy occurred in 15 of 40 participants

1 log,, from baseline during

with a maximum decline of 3.6 log,, U/mL observed
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TABLE 1. VIROLOGIC STATUS AT END OF TREATMENT AND FOLLOW-UP WITH DIFFERENT
THERAPEUTIC OUTCOMES IN THE REP 401 STUDY

Rebound Virologic Control Functional Cure PValue (Virologic Control vs.
Virologic Milestone n=11(%) n=15%(%) n=14 (%) PValue® Functional Cure)
Status at end of treatment
HBsAg <10 IU/mL 3(27) 11(73) 14 (100) <0.001 0.099
<1 IU/mL 3(27) 11 (73) 14 (100) <0.001 0.099
<0.05 1U/mL #(9) 9 (60) 14 (100) <0.001 0.016
<0.005 IU/mL 1#(9) 8 (53) 14 (100) <0.001 0.006
Anti-HBs >10 1U/mL 3(27) 8 (53) 3(93) 0.002 0.035
>100 IU/mL 0 8 (53) 10 (71) <0.001 0.450
>1,000 IU/mL 0 4.(27) 8(71) 0.006 0.139
>10,000 IU/mL 0 2(13) 8 (57) 0.001 0.021
HBsAg IC < 3,000 RLU 4 (36) 6 (40) 5(29) 1 1
HBV DNA <L10Q 9(82) 11 (73) 12 (86) 0.792 0.651
TND 5 (45) 8 (53) 10 (71) 0.155 0.217
HBV RNA <LL0Q 3(27) 12 (80) 3(93) 0.001 0.597
TND 2(18) 3(20) 5 (36) 0.591 0.427
HBcrAg < LLOQ 6 (55) 10 (66) 13(93) 0.093 0.169
Status at end of follow-up
HBsAg <10 IU/mL 0 8 (53) 14 (100) <0.001 0.006
<1 1U/mL 0 5(33) 14 (100) <0.001 0.002
<0.05 Iu/mL 0 3(20) 14 (100) <0.001 <0.001
<0.005 1U/mL 0 2(13) 14 (100) <0.001 <0.001
Anti-HBs >10 1U/mL 109 5 (33) 14 (100) <0.001 <0.001
>100 IU/mL 0 2(13) 14 (100) <0.001 <0.001
>1,000 1U/mL 0 0 14 (100) <0.001 <0.001
>10,000 U/mL 0 0 7 (50) <0.001 <0.001
HBsAg IC < 3,000 RLU 327 12 (80) 11%(79) 0.014 1
HBV DNA <LLoQ 0 8 (53) 14 (100) <0.001 <0.001
TND 0 427 14 (100) <0.001 <0.007
HBV RNA <lLoQ 3(27) 13(87) 14 (100) <0.001 <0.001
TND 2(18) 5 (33) 13 (93) <0.001 0.002
HBcrAg < LLOQ 6 (55) 13 (87) 14 (100) 0.010 0.483

*Part1c1pant 02-005 included HBsAg = 3.04 IU/mL, anti-HBs = 8.41 mIU/mL, DNA < LLOQ, and ALT 60 U/L (ULN = 50 U/L).

Determmed by Fisher’s exact test.

Part1c1pant 03-020 self-withdrew from therapy early for personal reasons.

(19)

$For the 3 participants with functional cure with HBsAg IC > 3,000 RLU at end of follow-up, 2 experienced no change from baseline and

1 experienced > 1 log,, decline in HBsAg IC during follow-up.

Abbreviations: FC, functional control; VC, virologic control.

(Figs. 3B and 6). Even when declines in HBV RNA
and HBcrAg both occurred, HBsAg declines during
TDF monotherapy were minimal and exceeded 1
log,, IU/mL from baseline in only 1 of 40 partici-
pants (Supporting Fig. S3). Declines in HBV RNA
and HBcrAg were correlated with baseline ALT but
not baseline HBsAg or HBV DNA (Supporting
Fig. S4). Both HBV RNA and HBcrAg continued to
decline during therapy following the introduction of
peglFN (Fig. 6), and these additional declines were

not significantly different in the presence or absence of
NAPs (data not shown). At the end of therapy, HBV
RNA was < LLOQ_in 30 of 40, target not detected
(TND) in 10 of 40, and HBcrAg < LLOQ_in 29
of 40 participants (Table 1). In the 29 participants
maintaining HBV DNA < 2,000 IU/mL during fol-
low-up, HBV RNA and HBcrAg were either stable or
declined in 23 of 29 and 25 of 29 participants, respec-
tively, and in 4 participants (01-008, 02-015, 02-023,
and 03-023) transient elevations in HBV RNA and
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FIG. 3. Antiviral responses during TDF monotherapy in the REP 401 study. HBsAg IC decline during TDF monotherapy (A) was
statistically significant and universal except for participants 01-042 and 02-003. Increases in declines in HBV DNA, HBV RNA, and

HBcrAg were significantly greater than for HBsAg (B).

HBcrAg followed the transient elevations in HBV
DNA, after which virologic control was established
with concomitant declines in HBV RNA and HBcrAg
(Fig. 6). In the 7 participants with virologic control
who experienced mild HBV-DNA rebound (Table 1;
41-1212 IU/mL) during follow-up, 5 of 7 had HBV
RNA < LLOQ, 0 of 7 had HBV RNA TND, and
5/7 had HBcrAg < LLOQ_at the end of therapy. In
the 14 participants establishing functional cure during
follow-up, HBV RNA < LLOQ_was present in 13
of 14 participants, HBV RNA was not detected in
5 of 14 participants, and HBcrAg was present in 13
of 14 participants at the end of therapy (Table 1). At
the end of follow-up in thel4 participants achieving
functional cure, 13 of 14 were TND for HBV RNA
and 14 of 14 < LLOQ_for HBcrAg at the end of fol-
low-up (Table 1). In the 11 participants experiencing
rebound during follow-up, declines in HBV RNA and
HBcrAg during therapy were indistinguishable from
participants establishing virologic control or func-
tional cure, including the observation of HBV RNA
and HBcrAg declines during TDF monotherapy
(Supporting Fig. S5). Rebound in HBV RNA and
HBcrAg generally only occurred when HBV-DNA
rebound exceeded 10* TU/mL (Supporting Fig. S5).
In the 11 participants experiencing viral rebound, 4 of
11 had HBV RNA < LLOQ, 2 of 11 had HBV RNA
TND, and 6 of 11 had HBcrAg < LLOQ at the end
of therapy (Table 1).
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RELATIONSHIP BETWEEN
ON-THERAPY MILESTONES
AND OUTCOMES

Differences between on-therapy virologic mile-
stones and therapeutic outcomes were analyzed in
Table 1. The incidence of HBsAg reduction by the
end of therapy at the < 10 IU/mL and < 1 IU/mL
thresholds was significantly different among outcome
groups overall (P < 0.001), but not between virologic
control and functional cure groups. However, HBsAg
reduction at the < 0.05 IU/mL and < 0.005 IU/
mL thresholds was significantly more prevalent in
the functional cure versus virologic control groups
(P =0.016 and P = 0.006, respectively). This was also
the case for HBsAg seroconversion (>10 mIU/mL),
in which anti-HBs titers were significantly higher in
functional cure versus virologic control groups at the
end of follow-up (P = 0.021). Differences in preva-
lence of HBV DNA < LLOQ_or TND, HBV RNA
TND, and HBcrAg < LLOQ_at the end of therapy
were not significantly different overall between out-
comes or between virologic control and functional
cure. HBV RNA < LLOQ_was significantly differ-
ent between therapeutic outcomes overall (P < 0.001)
but not between functional cure and virologic control
groups (P = 0.427). By the end of follow-up, the anti-
HBs titers were greater in functional cure versus viro-

logic control groups (P < 0.001) and the prevalence of
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FIG. 4. Analysis of HBsAg IC dynamics in the REP 401 study. Anti-HBs (top row) and ALT dynamics (bottom row) are provided for
comparison with HBsAg IC dynamics (middle row). Individual responses for all control (left) and experimental (middle left) participants
during the first 48 weeks of treatment, for all participants achieving HBsAg < 1 IU/mL during 48 weeks of NAP therapy (middle right)
and maintaining HBsAg < 1 IU/mL after removal of all therapy (right) are provided. Participants with HBsAg IC “flares” (01-007 and
02-050) are identified (see also insets). Participants with continuous increases in HBsAg IC during therapy and follow-up (n = 4) are
identified in bold (top, middle) and in inset (*, bottom). Treatment paradigms are indicated at the top (see also Fig. 2A). Anti-HBs and
ALT data were previously published.” Anti-HBs and HBsAg IC responses in all participants experiencing viral rebound during follow-

up are presented in Supporting Fig. S2.

HBV RNA < LLOQ_(P < 0.001), HBV RNA TND
(P < 0.001) was significantly greater in functional cure
versus virologic control groups. No significant differ-
ence in HBcrAg < LLOQ_at the end of follow-up
was observed between functional cure and virologic
control groups (P = 0.483).

The ability of various on-therapy milestones in pre-
dicting functional cure (functional cure vs. virologic

control or viral rebound) were analyzed in Table 2.
The most specific tests for predicting functional cure
from other outcomes were reductions in HBsAg <
1 IU/mL (all 100%) with specificity improving as the
HBsAg reduction threshold was lowered to 0.005 TU/
mL (from 50% to 60.9%). HBsAg seroconversion was
slightly less effective in predicting functional cure
(with increased sensitivity but reduced specificity at
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also Fig. 2A). qHBsAg responses were previously published.”)

higher anti-HBs thresholds) followed by simultane-
ous HBV RNA and HBcrAg < LLOQ. Clearance
of HBV DNA or HBV RNA (< LLOQ_or TND)
or HBcrAg < LLOQ_alone were poorer predictors
of functional cure (Table 2). These on-therapy mile-
stones did not predict other therapeutic outcomes

(Supporting Tables S1 and S2).

Discussion

Following NAP-based combination therapy in the
REP 401 study, rebound, virologic control, and func-
tional cure were established in 11 of 40, 15 of 40, and
14 of 40 participants. None of the baseline virologic
parameters examined were significantly different in
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these outcome groups at baseline. Previous evaluation
of HBsAg clearance in NAP-based combination ther-
apy">181% wyas limited to < 0.05 TU/mL due to the
LLOQ_of available qHBsAg assays.(34) Evaluation of
serum samples, in which HBsAg was < 0.05 IU/mL
using the Abbott HBsAg NEXT assay®? with a
LLOD of 0.005 IU/mL, established that all HBsAg
declines to < 0.05 IU/mL during therapy in the REP
401 study (in 24 of 40 participants) were persistently
maintained at < 0.005 IU/mL until the end of therapy.
Moreover, the maintenance of HBsAg < 0.05 IU/mL
throughout follow-up in 16 of 40 participants was
turther shown to be < 0.005 IU/mL. All participants
with functional cure had HBsAg < 0.005 IU/mL at
the end of therapy. This level of suppression exceeds
that detectable by the qualitative HBsAg assay
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TABLE 2. PREDICTIVE ABILITY OF ON-THERAPY
VIROLOGIC MILESTONES FOR FUNCTIONAL
CURE*INTHE REP 401 STUDY

On-Therapy Milestone Sensitivity ~ Specificity ~ PPV NPV
HBsAg <1 1U/mL 50.0 100.0 100.0 46.2
<0.05 IU/mL 58.3 100.0 100.0 615
<0.005 IU/mL 60.9 100.0 100.0 654
Anti-HBs ~ >10 IU/mL 54.2 94.1 929 593
>100 IU/mL 52.6 81.0 714 654
>1,000 IU/mL 66.7 78.6 57.1 84.6
>10,000 IU/mL 66.7 78.6 57.1 84.6
HBVDNA  <LLOQ 37.5 75.0 857 231
TND 43.5 76.5 71.4 500
HBVRNA  <LLOQ 46.4 91.7 929 423
TND 50.0 70.0 357 80.8
HBcrAg < LLOQ 44.8 90.9 929 385
HBV RNA < LLOQ + HBcrAg 52.2 88.9 85.7 59.3
<LLoQ
HBV RNATND + HBcrAg < 31.3 62.5 357 57.7
LLoQ

*Functional cure versus virologic control or viral rebound.
Abbreviations: NPV, negative predictive value; PPV, positive pre-
dictive value.

(LLOD = 0.017-0.022 TU/mL) and indicates that
HBsAg clearance achieved during NAP-based com-
bination therapy and maintained after removal of
therapy is profound.

HBsAg IC are commonly present in chronic HBV
infection, > and although their impact on circulat-
ing HBsAg levels is unclear, they could play a role
in maintaining HBsAg suppression, especially given
the very high titers of anti-HBs produced during
and maintained after removal of NAP-based ther-
apy.11%20 The HBsAg IC assay used in this study
provides an aggregate measure of the total population
of anti-HBs IgG bound to HBsAg, regardless of the
epitope specificity of the IgG bound. Moreover, it has
been well-established that NAPs do not interact with
HBsAg or anti-HBs,"® and therefore do not inter-
fere in the HBsAg IC assay. qHBsAg declines occur-
ring during NAP therapy were not correlated with
baseline HBsAg IC. However, during TDF mono-
therapy, HBsAg IC declines in 36 of 40 participants
were significantly correlated with very minor reduc-
tions in qHBsAg observed during TDF monother-
apy. The observation of strong HBsAg IC signals at
baseline, which disappear with TDF treatment con-
comitantly with small reductions in HBsAg, indicates
that the mouse monoclonal antibody used is able to

1884

HEPATOLOGY COMMUNICATIONS, November 2021

capture HBsAg with bound patient-derived anti-HBs
attached. This also suggests that a small portion of
HBsAg present at the start of therapy is recognized by
pre-existing circulating anti-HBs and that production
of this fraction of HBsAg disappeared during TDF
monotherapy, leading to the disappearance of HBsAg
IC. The rapid multilog declines in gHBsAg, and con-
comitant multilog increases in anti-HBs following
the first 24 weeks of NAP exposure were not accom-
panied by increases in HBsAg IC in 34 of 40 par-
ticipants. Gradual increases in HBsAg IC in 4 of 40
participants during this period and HBsAg IC flares
in 2 participants and gradual HBsAg IC increases in
13 participants during the last 24 weeks of NAP ther-
apy were also not correlated with increases in anti-
HBs, transaminase flares, or with declines in gHBsAg
except in participant 01-007. Additionally, HBsAg
IC either remained stable at low levels or steadily
declined during follow-up in all participants, indicat-
ing that remaining reservoirs for HBsAg production
are being eliminated. The overall lack of correlation
among HBsAg IC, anti-HBs, and HBsAg levels in
the REP 401 study suggests that the HBsAg IC pres-
ent at baseline or appearing during therapy may not
play a significant role in the initial clearance of HBsAg
overall, and in many participants may not be involved
in maintaining HBsAg clearance during therapy.
Moreover, the low or declining levels of HBsAg IC in
the 19 of 40 participants maintaining seroconversion
during follow-up suggests that the HBsAg clearance
being persistently maintained during follow-up may
not be a result of clearance by anti-HBs but rather
the absence of HBsAg production from the liver, con-
sistent with the persistence of HBsAg seroconversion
in all participants achieving functional cure. Given the
rapid turnover of HBsAg (and thus SVP) occurring
in chronic HBV infection,*”*¥ it may be that other
constitutive host processes are involved in clearing
HBsAg from the circulation or eliminating HBsAg
production in the liver. Additionally, the mild HBsAg
responses observed in a small proportion of patients in
this study™ and previous NAP trials""*'® may not be
due to an impaired anti-HBs response. These hypoth-
eses will have to be further evaluated in additional
clinical trials with NAPs and in other combination
therapies able to achieve high rates of HBsAg clear-
ance and functional cure. Additionally, the dynamics

of specific epitopes recognized by different anti-HBs
in the REP 401 and other NAP clinical studies will
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give better insight into the role that anti-HBs plays
in clearing HBsAg from the circulation and establish-
ing and maintaining functional cure in chronic HBV
infection.

TDF monotherapy was accompanied by declines
in both HBV RNA and HBcrAg, consistent with the
effects of TDF monotherapy on reducing or clearing
HBV RNA and HBcrAg from the blood previously
reported in studies with TDF and other NUCs. %
These declines had a minor effect on circulating
HBsAg, suggesting that the bulk of SVP production
is occurring from integrated HBV DNA. Stronger
declines in HBV RNA and HBcrAg were correlated
with increased baseline ALT but not viremia, sug-
gesting that declines in cccDNA may be driven in
part by infected cell loss. These inhibitory effects on
cccDNA by TDF and other NUCs may be driven
by the immunostimulatory effects of purine NUCs
through the purine P1 receptor(43) or TLR7,“ which
have been shown to induce cytokine responses in clin-
ical trials.*® This inhibition of cccDNA activity by
NUCs may also be responsible for driving the small
reductions of HBsAg, which were accompanied by
clearance of HBsAg IC described previously. These
observations indicate that significant declines in HBV
RNA and HBcrAg under TDF monotherapy can
occur more rapidly than previously reported,*” and
this bears further investigation in additional studies.

Continual declines in HBV RNA and HBcrAg
during therapy following the introduction of peglFN
were comparable in the presence or absence of NAPs
and in participants in all therapeutic outcomes, sug-
gesting that these declines are mediated primarily by
TDF and peglFN. Although fewer participants in the
viral rebound group achieved HBV RNA and HBcrAg
< LLOQ_ than virologic control or functional cure
groups, the proportion of participants achieving these
endpoints on therapy were not significantly different
between virologic control and functional cure groups.
Additionally, there was no significant difference in the
proportion participants achieving HBV-RNA TND at
the end of therapy among all outcome groups. HBV-
DNA rebound during follow-up was observed in 18
participants, with 17 of 18 having detectable HBsAg
(0.07-3510 IU/mL) present at the end of therapy (the
1 participant with HBsAg < 0.005 IU/mL withdrew
carly after the addition of NAP therapy’”). Of these
participants, 9 of 18 had HBV RNA < LLOQ, 2 of
18 had HBV-RNA TND, and 11 of 18 had HBcrAg

BAZINETET AL.

< LLOQ at the end of therapy. Importantly, treatment
with NUCs and peglFN is associated with contrac-
tion of the cccDNA pool,(46_48) suggesting that tran-
scriptional inactivation of cccDNA in and of itself
may not be capable of establishing functional cure.
Additionally, a recent report(49) has demonstrated the
elimination of detectable cccDNA in liver biopsies
and of HBV RNA and HBcrAg in the circulation
with NUCs, with HBsAg persisting from integrated
HBV DNA, which supports the production of SVP
but not virus.*'” The rapid rebound of viral infec-
tion observed following NUC withdrawal in these
subjects*” indicates that highly efficient (but likely
incomplete) removal of cccDNA from the liver is
also insufficient to achieve functional cure. This may
be due to the persistence of transcriptionally inac-
tive (“latent”) cccDNA and HBsAg, which prevents
host control of reactivation of this latent cccDNA.
The possibility that existing assays for HBV RNA,
HBcrAg, and intrahepatic cccDNA are not sensitive
enough to detect functional cure cannot be excluded,
indicating that further investigation is warranted in
additional clinical studies with assays with improved
sensitivity. Interestingly, while HBV RNA was TND
at the end of follow-up in 5 of 15 virologic control
participants, HBV DNA in these participants ranged
from TND to 1,212 IU/mL while in the functional
cure group, 13 of 14 participants had HBV RNA
TND, all with HBV DNA TND consistent with
the increased sensitivity of the HBV-DNA assay.
Previous iz vivo studies have demonstrated removal of
cccDNA from the liver during NAP therapy, which is
durable after removal of therapy.">” While HBcrAg
has been shown to be predictive of cccDNA levels in
the liver in chronic HBV infection in humans,(30) the
clearance of serum HBcrAg may not reflect cccDNA
levels during and after NAP-based combination ther-
apy. While the durable nature of cccDNA inactivation
following removal of NAP-based therapy has been
shown in this and other studies,(zo) and contraction
of the cccDNA pool has been observed in vivo with
NAPs, evaluation of changes in cccDNA levels in
liver biopsies will be required to establish how NAPs
influence cccDNA liver burden in humans.

The best on-therapy predictor of functional cure
was HBsAg loss, with 100% specificity at < 1,0.05, and
0.005 IU/mL, with sensitivity increasing with lower
HBsAg threshold, reaching 65.5% at < 0.005 IU/mL.
This suggests that increasing sensitivity in HBsAg
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assays may lead to improved specificity and should
be examined with HBsAg assays having LLOD «<
0.005 IU/mL. This improved sensitivity may be due to
an improved ability to discriminate between virologic
control and functional cure. HBsAg seroconversion
during therapy was also a good predictor of functional
cure. However, given that evidence for anti-HBs par-
ticipating in HBsAg clearance during therapy was
not observed, the protective ability of these circulat-
ing antibodies is uncertain. The correlation of HBsAg
seroconversion with functional cure may reflect a con-
comitant increase of anti-HBs with other immuno-
logical processes important for establishing functional
cure, but this has not yet been evaluated. The overall
poor ability of HBV-RNA/HBcrAg clearance during
therapy to predict functional cure is consistent with
rebound in viral HBV DNA during follow-up in par-
ticipants with HBV-RNA/HBcrAg clearance in this
and other studies.*” Although these data suggesting
the utility of HBsAg clearance in predicting func-
tional cure agree with other recent data,®” the utility
of this virologic milestones in predicting functional
cure will need to be examined in additional studies.

In these HBeAg-negative patients, the following
levels of HBV markers were observed simultane-
ously in numerous patients (HBcrAg < LLOQ, HBV
RNA < LLOQ, HBV DNA TND and HBsAg <
0.005 IU/mL), all in the absence of any detectable
levels of HBsAg IC. Notwithstanding the limitations
in the sensitivity of the HBV-RNA and HBcrAg
assays, the excellent suppression of HBV DNA and
HBsAg in the absence of evidence of active HBsAg
clearance by anti-HBs strongly argues that not only is
cccDNA suppressed (not eliminated) but the removal
of hepatocytes with integrated HBV DNA (also a
source of HBsAg) must also have occurred. This
control of liver infection may also be due in part to
the high incidence of strong host-derived transami-
nase flares” and appears to persist in all participants
achieving functional cure.

The experiment analyses performed in the REP
401 study demonstrate that HBsAg clearance is more
robust than previously reported, and that this clearance
is not entirely mediated by anti-HBs. The maintenance
of HBsAg loss in the absence of HBsAg IC is consis-
tent with removal on integrated HBV DNA from the
liver. Clearance of correlates for cccDNA transcription
during therapy do not predict functional cure of HBV
during NAP-based combination therapy but HBsAg
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loss during therapy does, indicating the critical impor-
tance of clearing HBsAg to achieve functional cure.
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