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Abstract

Background & Aims:

Nucleic acid polymers (NAPs) inhibit assembly aedrstion of hepatitis B virus (HBV)
subviral particles. We performed an open-labelsphastudy of the safety and efficacy of the
NAPs REP 2139 or REP 2165 combined with tenoforgoproxil fumarate (TDF) and
pegylated interferon alfa-2a (peglFN) in patientthwegative chronic HBV infection who were

negative for HB e antigen (HBeAQ).

Methods:

Following 24 weeks TDF therapy, 40 patients werglcanly assigned to groups that received 48
weeks of experimental therapy (TDF + peglFN + REB2Mg or REP 2165-Mg) or 24 weeks
of control therapy (TDF + pegIFN) followed by 48 &ks experimental therapy. Patients were
then followed for a treatment-free period of 48 ksed’rimary outcomes were the safety and
tolerability of REP 2139-Mg or REP 2165-Mg in comdion with TDF + peglFN compared to
TDF + peglFN alone through the first 48 weeks efrépy and subsequently throughout 48
weeks of NAP-based combination therapy (treatmegka 24-72 in the experimental group and
weeks 48-96 in the control group). Secondary ouemeductions in HBsAg in control and
experimental groups over the first 48 weeks ofstiuely and throughout 48 weeks of
combination therapy and virologic control (HBsAgsfitve, HBV DNA below 2000 1U/mL,
normal level of alanine aminotransferase) or fuoral cure (HBsAg below 0.05 IU/mL, HBV

DNA target not detected, normal level of alaningrantransferase) after removal of all therapy.

Results:
Levels of HBsAg, anti-HBs, and HBV DNA did not aff significantly between the groups
given REP 2139 vs REP 2165. PeglFN-induced throgtbpenia P=.299 vs controls) and
neutropenial=.112 vs controls) were unaffected by NAPs (REPO24SREP 2165). Increases
in levels of transaminases were significantly moequent P<.001 vs controls) and greater
(P=.002 vs controls) in the NAP groups (but did natduce symptoms), correlated with initial
decrease in HBsAg, and normalized during therajplyfallow up. During the first 24 weeks of
TDF and peglFN administration, significantly higlpeoportions of patients in NAP groups had
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decreases in HBsAg to below 1 IU/mR<.001 vs control) and HBsAg seroconversiBr.046

vs control). At the time patients completed the TOpegIFN + NAP regimen, HBsAg levels
were 0.05 IU/mL or lower in 24/40 participants (aith seroconversion up to 233,055

mlU/mL). During 48 weeks of treatment-free folloyw,wirologic control persisted in 13/40
participants (2 lost to follow up after 24 weekshereas functional cure persisted in with 14/40
participants (all completing 48 weeks of follow-wpith persistent HBSAg seroconversion. One
participant had a viral rebound during follow ugiwihepatic decompensation and was placed on
TDF therapy.

Conclusions:

In a phase 2 randomized trial, we found that adiditf NAPs to TDF + pegIFN did not alter
tolerability and significantly increased rates d$Ag loss and HBsAg seroconversion during
therapy and functional cure after therapy. Clirticals.gov no: NCT02565719.

Keywords: HBV, HBsAg, functional cure, nucleic agdlymer
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Introduction

Chronic HBV infection causes progressive liver diis, cirrhosis and hepatocellular carcinbma
With 292 million persons infected worldwitiand 800,000 deaths annud]lihis disease
presents a significant global medical burden. Appdotherapies do not result in optimal
outcomes: NUCs suppress viral replication and edléiver diseasebut require lifelong therapy
whereas peglFN is associated with HBsAg loss suestiaafter therapy in a small proportion (up
to 10%) of patienfs even when combined with NUCs

The NAP REP 2139 blocks the assembly of SVPs imatoegtes harboring cccDNA or
integrated HBV DNA via an as yet unidentified htasgef °. This effect blocks the release of
HBsAg and lowers intracellular HBSAGREP 2139 treatmein vivo in DHBV-infected ducks is
accompanied by reduction in viral replication ie tiver within two week®, rapid clearance of
serum HBsAg with delayed clearance of serum HBV Dl control of infection in the liver
(elimination of HBsAg and multilog reductions in NBDNA and cccDNA) maintained after the

removal of therapy.

Monotherapy with the REP 2139 precursor REP #0&%n HBeAg positive HBV chronic HBV
infection was accompanied by HBsAg reduction, HBs#ad HBeAg seroconversion and HBV
DNA clearance, however long term virologic consohilar to inactive chronic HBV (HBV
DNA < 2000 IU/mL, normal ALT) occurred in only 3f&articipants, persisting to 5 years in 2/8
participants with one of these participants adddity experiencing functional cure (HBV DNA
target not detected, HBsAg < LLOQ, normal AET) REP 2139-Ca monotherapy was
accompanied by similar antiviral responses buatidition of a 13 week course of peglFN or
thymosinal rapidly cleared HBsAg to < LLOQ in all particiganincreased anti-HBs levels and
the incidence of transaminase flares and establishetional control in 8/9 patierits In

chronic HBeAg negative HBV / HDV co-infection, HBgAleclines during REP 2139-Ca +
peglFN therapy were accompanied by HDV RNA fo&sinctional control of HBV infection and
functional cure of HDV infection (HDV RNA target hdetected, normal ALT) has persisted in
7/12 patients for 2 years with 3 of these patiémther achieving functional cure of HBV

infection®.
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In invitro studies, suppression of intracellular HBsAg artdhbition of HBsAg release by REP
2139 was not accompanied by any toxic effects preclinical studies in cynomolgus monkeys,
REP 2139 was not accompanied by alteration in fwection or histopathology, even at doses
10x those used in the clififc Moreoverin vivo, HBsAg declines were not associated with any
detectable changes in liver function. Howeveallrprevious clinical studies, transaminase
flares were observed but only in those participartsre HBsAg was cleared to < 1 lU/mL and
self resolved during treatment. Liver function wasmal throughout these flares, which were
otherwise asymptomatic and correlated with thebdistanent of virologic control (HBsAg
positive, HBV DNA< 2000 1U/mL, normal ALT) or functional cure (HBsAg0.05 1U/mL,

HBV DNA target not detected, normal ALT) of HBV &dtior?” 2

The REP 401 study (NCT02565719) investigated thetysand efficacy of TDF + pegIFN +
NAPs in HBeAg negative chronic HBV infection. Tlegidy also examined the activity of REP
2165, a bioequivalent variant of REP 2139 (Figuk¢ With accelerated clearance not impacting
HBV antiviral activityin vivo'® potentially useful in improving HBsAg declines tvitigh
frequency dosing for the small proportion of paisawho may experience slower rates of
HBsAg clearancg.
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Materials and Methods
Study design

The REP 401 study is an open label, randomizedralted, phase 2 study assessing the safety
and efficacy of addition of either REP 2139-Mg d&&MR2165-Mg (250mg IV infusion gW) to a
backbone therapy of TDF (Viread®, 300mg PO gD) pedIFN (Pegasys®, 18@ SC qW).
Calculation of statistical power in the REP 401dstwas based on historical HBsSAg response
observed in previous trials with NAPs versus HBségponse observed with peglFN or peglFN

+ NUCs in chronic HBV infection.

The complete trial design is illustrated in Figdi and consisted of two parts. In Part A (Figure
1C) all 40 participants received 24 weeks of TDFhotherapy prior to introduction of pegIFN.
Randomization was conducted at the Week 25 vis#t @lose of peglFN) and employed three
stratification criteria: HBsAg 5000 vs > 5000 |U/mL, HBV DNA: 1.74x1d IU/mL vs >

1.74x1¢ IU/mL and age< 40 vs > 40 years and was conducted via a remtegairtive web
response system using covariate adaptive algofftfRandomization assigned 20 participants to
each of the control and experimental groups andinvéach of these groups, assignment of 10
participants to receive REP 2139-Mg and 10 patdiaip to receive REP 2165-Mg
(predetermined NAP to be administered in the caseogsover to the addition of NAPs in the

control group).

Prior to the initiation of the REP 401 study, tbevlrates of HBsAg loss and functional cure with
peglFN or NUCs +pegIFN had been well descrifiéfias well as the ability to discern the
futility of peglFN therapy to achieve functionalrewwith a lack of HBsAg loss at 24 weeks of
therapy®*.. Based on these known limitations with NUCs +Ipbgand the ability of NAPs in
previous clinical studies to achieve high rateBlBEAg loss and improved control of infection
persisting after therapy? continued dosing of TDF + peglFN beyond 24 wegkke control

group was not considered ethical in the absenéBsiAg loss..

In Part B of the study (Figure 1D), treatment ipexmental group proceeded to complete 48
weeks of combination therapy. Based on the poorAgBssponse observed in the control
group, all participants in this group were crosseer to 48 weeks of NAP-based combination
therapy, with 10 participants each receiving eifREP 2139-Mg or REP 2165-Mg (Figure 1B).

Page7 of 26



All participants received treatment-free follow eymluations 4, 12, 24 and 48 weeks after
completion of therapy (Week 73 in the Experimegtalup and Week 96 in the Control group).
Dose reductions were not performed for transamieisations unless accompanied by
abnormal total bilirubin, INR or other signs ofdivdysfunction (please refer to the REP 401

protocol for complete dose reduction rules).

Primary outcomes were the safety and tolerabilitRiBP 2139-Mg or REP 2165-Mg when
combined with TDF + pegIFN compared to TDF + peglibhe through the first 48 weeks of
therapy and subsequently throughout 48 weeks of-Naged combination therapy (treatment
weeks 24-72 in the experimental group and week8&4@+ the control group). Secondary
outcomes were quantitative HBsAg decline and HBs&wconversion in control and
experimental groups over the first 48 weeks ofstiuely and throughout 48 weeks of
combination therapy (weeks 24-72 in the experimartaup and 48-96 in the control group) and
the establishment of virologic control or functibnare after removal of all therapy in both

groups.

The REP 401 study was conducted at three siteigin@u, Republic of Moldova; two sites at
the Toma Ciorb Infectious Diseases Hospital and a third sitéh@tRepublican Clinical
Hospital. The study protocol was compliant witlireat guidelines on Good Clinical Practice,
with the Declaration of Helsinki and was approvegdhe National Ethics Committee and

National Medicines Agency of the Republic of Moldov
Participants

Participants were all Caucasian, 18 - 55 yearsuild chronic HBV infection not receiving
antiviral therapy or immunotherapy for at least @ths prior to enroliment. Except in one case
(see Table 1), all participants were treatmentena@®@hronicity of infection could be confirmed
by documented presence of HBV infection > 6 momilduration in 36/40 participants (see
Table 1) and was confirmed in the remaining 4 pgudints by verification of HBcAg 1gG

positive and IgM negative status at baseline. HiEgction in all participants at baseline was
HBeAg negative / anti-HBe positive with HBsAgL000 1U/mL, HBV DNA > 2000 IU/mL and
ALT < 10x ULN. Patients were excluded with co-égig HDV, HCV, HIV or active CMV
infection or with evidence of cirrhosis or othesdr disease. Determination of cirrhosis was

based upon ultrasound, hematologic and hepatid¢iomaccording to accepted practice at the
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trial sites. Complete enrolment criteria are pded in the REP 401 study protocol (see

http://replicor.com/wp-content/uploads/xxxx/xx/RE@1protocol.pdf). All patients provided

written informed consent at enrollment. ProtoceVidtions allowed 1) the enroliment of one
participant with well controlled Gilbert’'s syndroraed 2) return to follow-up assessment for
two participants who did not complete therapy aad protracted absence from the study for

personal reasons.
Study drugs

Both REP 2139 and REP 2165 are phosphorothioajeraicleotides (PS-ONSs) previously
described with similar antiviral effects in preritial studie¥’. REP 2165 is a analog of REP
2139 designed to be more rapidly cleared by swibistit of 2’0OMe adenosine with 2'0OH
adenosine at positions 11, 21 and 31 (Figure 1Ajclvincreases susceptibility to nuclease
attack at these positioffsBoth NAPs are formulated for use as magnesiurtatheomplexes, a
formulation previously shown to improve the admiirsiion tolerability of NAPY. The
magnesium chelate complex formulation was designé® more effective in neutralizing
infusion reactivity than the calcium chelate comdi@mulation used in previous studie’$.

REP 2139-Mg and REP 2165-Mg were provided in 5asglials containing 4.2cc of either
REP 2139 or REP 2165 at 62.5 mg/mL (based ongotiilm salt mass) and administered by IV
infusion over 2 hours in 250 mL of normal salind gatients received 250mg qW of NAP,
regardless of body weight. TDF and peglFN were adtared according to their package

inserts (except for transaminase elevations —lseecd.
Safety and efficacy assessments

Weekly physical evaluation and periodic ECG, oplmtia and liver ultrasound were
accompanied by weekly or biweekly biochemical aachatological assessments and Fibroscan
at baseline, end of treatment and 24 and 48 wddkdl@v-up performed at GCLP (2011) and
ISO (15189:2007) certified test labs used in thevjmus REP 301 studyVirologic response

was assessed every 4 weeks and included HBsAg (LEO®5 1U/mL) and anti-HBs using the
guantitative Abbott Architect® platform, HBeAg,aiBe, HBcAg IgG and HBcAg IgM using
the qualitative Abbott Architect® platform and HBMNA using the Abbott Realtime PCR assay
(LLOQ =10 IU/mL). Sample dilution and retestingsyaerformed when HBsAg was > 250

IU/mL and anti-HBs > 1250 mIU/mL. All virologic asssments were performed under the
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supervision of UD and AK. Safety and efficacy daté presented in the article is available in

the supplementary appendix.
Statistical analysis

Previous studies of NUC + pegIFN in chronic HBVadtion reported overall HBsAg declines
from baseline of 0.71 lag® with pegIFN and 0.7 lag (SD ~1..0J° with NUCs + pegIFN. The
previous REP 301 study with REP 2139-Ca + peglfidnted an overall 4.15 lggHBSAg
decline from baseline (SD 2.24) in HBeAg negati8\VH HDV co-infectiori. As such, the
difference in HBsAg decline from baseline betwe®+# peglFN (control group from weeks
1-48) and TDF + peglFN + NAPs (experimental grougmf weeks 1-48) was expected to be
approximately 3 log. Based on these historical data, enrollment gi&®icipants in control and
experimental groups yielded a 98% probability ttedea 3 log difference in HBsSAg responses
between groups and would be adequately powered (806b@bility) to detect differences as low
as 2.05 logy between groupsi€0.05, two tailed).

Due to the crossover of the control arm at Weekstiistical analyses of primary and secondary
outcomes were performed between groups based arpdat to crossover at Week 48 (Part A,
Figure 1C) or between participants receiving 48ksed REP 2139-Mg or REP 2165-Mg in the
experimental (Weeks 25-73) and control (Week 49¢p@ups (Part B, Figure 1D). Statistical
analysis of primary and secondary outcome measvwassonducted on an intent to treat basis.
Primary outcomes with continuous variables werduatad by T-test and included comparison
of mean minima of platelet and WBC counts and mmaxima of transaminase elevations
between groups in Part A and between REP 2139-Md=&P 2165-Mg in Part B. Primary
outcomes with discrete variables were analyzed bte3t. Statistical analysis of secondary
outcomes included comparison of mean HBsAg and HBM declines, and anti-HBs

elevations between groups in Part A and between RBB-Mg and REP 2165-Mg in Part B.

For the purposes of plotting data and statistinalysis, HBsAg values of 0.00 IU/mL were right
censored to 0.01 IU/mL, anti-HBs values of < 0.Xeméght censored to 0.1, HBV DNA <
LLOQ was right censored to 10 IU/mL and HBV DNA TNi&s right censored to 1 IU/mL.

The AUC for transaminase elevations in all parais during peglFN exposure was estimated

using the iterative trapezoid method. Statisteghificance was considered met witik 0.05.

Role of the funding source
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AV and MB designed the study. AV performed the gsial of the data and in concert with all
authors, the interpretation of the data, the wgitifi this report and the decision to submit the

paper for publication. All authors had access odtudy data and reviewed and approved the
final manuscript.
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Results
Participants

Forty non-cirrhotic participants with chronic HBeAggative HBV infection (HBsAg > 1000
IU/mL and HBV DNA > 2000 1U/mL) were enrolled betere September 2015 and June 2016
with complete results available in April 2019. Gpotharacteristics at baseline and at
randomization are shown in Table 1 and disposiioparticipants from recruitment to the end

of follow-up is presented in Figure S1.
Adverse events during the conduct of the study

Unrelated serious AEs included one case of pneumwhich resolved within two weeks with
supportive therapy with no interruption of studugl, one case of appendicitis (during TDF
monotherapy) requiring appendectomy, one deathapelytrauma 24 weeks into the follow up
(from an accidental woodcutting accident) and ameof autoimmune thrombocytopenia. This
latter case of thrombocytopenia occurred 4 weeiksthre follow-up in the absence of viral
rebound or any other clinically significant findingpidly responded to therapy with steroids,
etamsylate and eltrombopag and fully resolved eyltrweek follow-up visit. PeglFN-related
serious AEs included one case of depression (fiegusarly withdrawal from treatment with
completion of follow-up) and nausea and weaknesshwitesponded to supportive therapy
without dose alteration. No serious AEs attribugatbl REP 2139-Mg or REP 2165-Mg were
observed. Two participants withdrew (one contral ane experimental) for personal reasons
not related to safety or efficacy after 24 week3DF + peglFN + REP 2165-Mg therapy.
There was one case viral rebound after FW12 whig @accompanied by hepatic
decompensation. This decompensation (potentiabigerbated by chronic solvent exposure to
solvents at work and repeated overexertion duhiegaipy and follow-up) improved following

supportive therapy but further follow-up was nosgible due to withdrawn consent.

The administration of REP 2139-Mg and REP 2165-Mg @wsymptomatic throughout the entire
course of therapy in 37/40 participants (see T&lldor additional details).

Part A safety and efficacy: TDF + pegIFN versus TDpeglFN + NAPs

TDF monotherapy was well tolerated and was accorafday transaminase normalization in
many participants (Figure 2 G-H, J-K). The additadreither pegIFN or peglFN + NAPs at
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week 25 was accompanied by similar grade 1-2 de<iim platelet and WBC counts (Figure 2A-
C, D-F). Grade 1 fever and myalgia were more pextaP < 0.05) in patients receiving NAPs
(Table 2). Transaminase elevations accompaniemhtiegluction of peglFN in both groups
(Figure 2 G, H, J, K, S2) but occurred in signifidg more participants (Table P,< 0.001) and
were significantly stronger (Figure 2 I, L) in theesence of NAPs. Transaminase flares > 3x
ULN were observed during TDF + pegIFN in 6/20 patsein the control group and in 18/20
patients in the experimental group. Throughoutralisaminase elevations, no evidence of
altered liver function (bilirubin, albumin and INRJas observed (Figure S4, S5).

During TDF monotherapy (Weeks 1-24), neither HBsigline nor HBsSAg seroconversion was
observed (Figure 3A, B, E, F). HBV DNA universatlgclined and was < LLOQ (10 IU/mL) in
28/40 participants by week 24 (Figure 3H, ). Baling the addition of peglFN from weeks 25-
48 in the control group, HBsAg declines > 14lpl)/ml occurred in 3/20 patients (Figure 3A)
but were otherwise < 0.5 lggfrom baseline. No HBsAg seroconversion was oleze(\Fable 3,
Figure 3E). Following the introduction of pegIFN\APs from weeks 25-48 in the
experimental group, immediate and rapid 4-GJatgclines of HBsAg occurred in 15/20 patients
as early as 10 weeks with moderate declines irdditianal 4/20 patients (Figure 3B). HBsSAg
became < 1 IU/mL in 14/20 patients and TND (0.00mU) in 10/20 participants (Table 3,
Figure 3B) with HBsSAg seroconversion in 11/20 paitse(Table 3, Figure 3F), all with HBSAg <
1 IU/mL. HBsAg reduction from baseline was sigruintly improved (Figure 3C, D) and
seroconversion was significantly more prevalenhwignificantly higher levels of anti-HBs
(Figure 3G) in the presence of NAPs compared to ¥pegIFN alone. HBV DNA decline
continued similarly in both groups and was < LLQTLB/40 participants by week 48 (Figure
3J).

Part B safety and efficacy: 48 weeks of REP 2139vkigus REP 2165-Mg with TDF + peglFN

At week 49, all participants in the experimentaligy continued existing therapy to complete 48
weeks of combination therapy. In the control graalpparticipants crossed over at week 49 to
TDF + pegIFN + REP 2139-Mg or REP 2165-Mg for 4&k®due to poor HBsAg decline
(Figure 3A). Safety and antiviral responses betwREP 2139-Mg and REP 2165-Mg were
compared over the course of 48 weeks of TDF + peégNAP therapy in control and

experimental groups according to Figure 1D.
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AEs during 48 weeks of NAP combination therapy wsneilar between REP 2139-Mg and
REP 2165-Mg (Table S2). Management of thrombocyt@peith peglFN dose reduction and or
eltrombopag in 26 patients (Figure S3) maintaideplade 2 thrombocytopenia except in 4
patients (Table S2). Neutropenia and leucopenia w&ble and self-regulatingtayrade 2 in

the absence of G-CSF.

Throughout 48 weeks of TDF + pegIFN + NAPs, transase elevations above baseline
occurred in 38/40 participants and were otherwssengptomatic. Flares were most pronounced
in both groups during the initial declines in HBs@agure S6, S7) and declined or self-resolved
(n=13) during therapy in 37/40 patients (TableiguFe S8). Liver synthetic function (bilirubin,
albumin or INR) remained normal throughout (Fig8ee S5). Following the introduction of
NAPs, flares were generally stronger in the expenital group than in the control group (Figure
S9, S10).

Following the crossover in the control group to TBpeglFN + NAPs, HBsAg declines and
HBsAg seroconversion were observed in 15/20 ang0l@articipants respectively (Figure 4A
left; Figure 4C, left). Milder HBsAg declines wepbserved in the remaining 5 control
participants. HBsAg declines and HBsAg seroconeersi the experimental group were
maintained throughout therapy (Figure 4A, middiguFe 4C, middle). Mild<£ 1 logo)
rebounds in HBsAg levels during therapy occurre@/#0 patients (Figure 4A, B open arrows)
which were followed by decline to 0.08 IU/mL (n=dr)a new stable setpoint lower than
baseline (n=2). At the end of therapy in the expental group, HBsAg reduction was > 1 {pg
from baseline in 17/20 participants, < 1 IU/mL /20 participants and 0.05 IU/mL in 13/20
participants. In the control group, HBsAg reductimas > 1 logyfrom baseline in 19/20
participants, < 1 IU/mL in 14/20 participants an@.05 IU/mL in 11/20 participants (Table 3,
Figure 4A, right; Figure 4C, right; Figure S11).

At the end of therapy, combined HBsAg reductiosrfiboth groups were > 1 10g10 from
baseline in 35/40 participants, < 1 lU/mL in 27Hients anek 0.05 IU/mL in 24/40 patients
(Figure S12). Anti-HBs titers increased over tharse of therapy, reachirrg10 miU/mL
(n=24), > 100 mlU/mL (n=19), > 1000 mIU/mL (n=12),10,000 mIU/mL (n=10), > 50,000
mlU/mL (n=4) with a maximum of 233,055 mIU/mL in @participant by the end of therapy
(Figure 4C, D; Figure S12). HBV DNA remained weadihtrolled and was < 100 IU/mL in all
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patients and < LLOQ in 32/40 participants (Figukg # Table 3, Figure S0). No significant
difference in HBsAg declines, anti-HBs levels orAIBNA declines were observed following
addition of NAPs between control and experimentauigs or with REP 2139-Mg or REP 2165-
Mg (Figure 4).

Follow-up

Platelet and WBC counts returned to baseline byw@dks of follow-up (Figure S13, S14).
Transaminases normalized and remained stableaedRs of follow-up in 31/34 participants
(Table 3, Figure S6, S7). Viral rebound (HBV DNA600 IU/mL) occurred in 5 control
participants and 4 experimental participants (Tal88-S6). Transaminase flares > 3x ULN were
associated with viral rebound in four patients (ifggS6, S7). LMS increased during therapy
(Figure S12) but steadily declined during follow;tpecoming lower than baseline
measurements in 19 patients and normal in 20 gatsrthe end of 48 weeks of follow-up

(Table 3, Figure S12).

HBsAg reduction from baseline persisted in 24/3digaants completing 48 weeks of follow-
up, with HBsAg < 1 IU/mL in 17/34, and < LLOQ in /B4 participants (Table 3, Figure S12).
HBsAg seroconversion persisted in 17/34 patientsHBYV DNA < 2000 IU/mL persisted in
27/34 patients, with HBV DNA < LLOQ in 20/34 and DNn 17/34 participants. With
completion of scheduled therapy an@4 weeks of follow-up, 28/36 participants expecissh
functional control with 14 of these further maimiaig functional cure and HBsAg
seroconversion (Table 3, Tables S3-S6). Viral reldoabserved in three participants at the
FW12 visit (03-023, 01-008 and 02-023) self resdlteevirologic control in the absence of
therapy (Tables S3, S4, S5). Virologic controlridtional cure rates in participants completing
scheduled therapy and24 weeks of follow-up were 6/18 (33%) and 6/18%33espectively in
the control group and 8/18 (44%) and 8/18 (44%)eekvely in the experimental groups
(Tables S3-S6). These rates were not statistidiffigrent between group® & 0.789).
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DISCUSSION

Administration tolerability of REP 2139-Mg and REP65-Mg in the REP 401 study was
improved over REP 2139-Ca from previous stutli€sindicating that SC administration of REP
2139-Mg or REP 2165-Mg will also be well tolerat&elivery of NAPs to the liver occurs with
SC administratiofn vivo?” and the safety and efficacy of SC administratibREP 2139-Mg

will be examined in future studies.

All PS-ONs are accompanied by mild but stable degoa of platelet and WBC counts and have
little hepatoxicity in humarf& In non-human primates , 6-month exposure atth@xlinical

dose of REP 2139 used in the REP 401 study achmeekied accumulation of REP 2139 in the
liver but no detectable alteration in liver functior histopathology’. To date, all 32

participants receiving NAP monotherapy (REP 2056 REP 2139-Ca) for 15 — 56 weeks had
mild but stable depression of platelet and WBC ¢®anthe 500mg do%é? Reduction of REP
2139-Ca to 250mg did not alter hematological respdollowing the addition of peglFN in the
previous REP 301 studand 250mg of REP 2139-Mg or REP 2165-Mg did nqidnt the
hematological response to peglFN in the REP 40dystwhich was effectively managed with

peglFN dose reduction and eltrombopag without &figantiviral response.

During NAP monotherapy in previous studies, trarisase flares only occurred in participants
experiencing HBsAg decline to < 1 IU/mL, self resad to< baseline levels during therapy, and
were associated with the establishment of functiooatrol and functional cure during follow-
up”*? Additionally, strong transaminase flares wersestsed following addition of peglFN to
REP 2139-Ca therapy only when HBsAg became < 1 Wdoring REP 2139-Ca

monotherapy All transaminase flares emerging during NAP ntbeoapy in previous studies
were otherwise asymptomatic, with normal liver fiilme observed throughout and when
functional control or functional cure was achievedrmal liver function has persisted for at least

5 years of treatment-free follow-tfp

Transaminase flares occurred in 95% of participamtse REP 401 study and were also
correlated with initial HBsAg declines, self resedvor declined during continuing NAP therapy
and normalized in 94% of participants completingveks of follow-up. These flares were not
accompanied by alterations in liver function anlgestvise asymptomatic. The attenuation of

flares in the control group did not appear be #siit of weaker declines in serum viremia or
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increases in anti-HBs. Although transaminase $lanay have a beneficial effect on HBsAg
clearance, they occurred in 6 participants whersAtBremained > 1000 1U/mL throughout
therapy. Additional studies examining the immunaagjcomponents of these flares will be

required to better understand the etiology of dnedrole these flares are playing during therapy.

The relatively poor HBsAg response observed inrobiparticipants during Part B of the study
receiving only TDF + pegIFN is similar to that obsed in the most recent study examining
TDF + peglFN which, while reporting HBsAg loss in 6% of all fieipants with 48 weeks of
therapy , did not observe any HBsAg loss in the 24 genefyparticipants enrollédthe
predominant genotype in the REP 401 study, seesTHbl

The addition of REP 2139-Mg or REP 2165-Mg to akbane therapy of TDF + peglFN did not
affect the control of HBV DNA by TDF and resulteddombined reduction of HBsSAg to <
LLOQ and HBsAg seroconversion (up to 233,055 mlUynmL.60% of participants during
therapy. In participants completing therapy anét84veeks of follow-up, 28/36 (78%)
established virologic control with 14/36 (39%) @frficipants further establishing functional cure
with persistent HBsAg seroconversion. Transamsasemalized in 32/34 (94%) of
participants completing 48 weeks of follow-up (32[89%] completing therapy axi24 weeks

of follow-up) 17 of whom had elevated transaminagdsaseline (Table 1). LMS continually
declined during follow-up in participants with furanal control / cure and normalized in 20
participants by the end of follow-up, 9 of thes¢hwelevated LMS at baseline. Previous studies
have confirmed the stability of virologic controf functional cure and normal liver function and
declines in LMS following NAP therapy with 2-5 yefatlow-ups” ** *3and additional follow-up

is planned to confirm the long-term stability oéttherapeutic outcomes in this study. During
follow-up, viral rebound occurred in participantaere HBsAg was still detectable at the end of
48 weeks of combination therapy$%7.9 IU/mL), who did not complete therapy or where
HBsAg clearance occurred very late in therapy (€a183-S6). These observations suggest that
persistent exposure to peglFN while HBsAg is cldaray be important for the establishment of

virologic control and functional cure.

The presence of normal baseline ALT observed irRIER 401 study is consistent with the
elevated rates of normal ALT previously describedhronic HBeAg HBV infection in
Moldova® %> This may be due the higher upper limit of norwiahLT (50 U/L) in the
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Moldovan population in general and / or to gendiiferences in the ethnic subgroups present in
this patient population. In participants in theFR&E1 study with normal ALT at baseline,
average baseline HBV DNA was 110,056 IU/mL (rantd@®@— 779600 IU/mL) indicating that
inactive HBV infection was not present in thesdipgrants.

The REP 401 study is limited by its restricted ggpe (mostly D), having mostly male
participants and the lack of cirrhotic patientsd arclusion of a NUC + REP 2139-Mg control in
future studies will be required to examine the higic response in the absence of peglFN.
Additionally, future studies should include NUC-exi@nced participants with well controlled
HBV DNA. However, the results in the current REFL&tudy significantly extend previous
clinical study results achieving higher rates ofd4A loss, HBSAg seroconversion, incidence of
transaminase flares and rates of functional cutle persistent HBSAg seroconversion compared
to previous studies with NAPs or with outcomes obsa with TDF + peglFN. These results
suggest that the addition of NAPs to NUCs + pegtieN increase the likelihood of establishing
control of infection and normalization of liver fation and reversal of liver inflammation and or

fibrosis with finite therapy.

Although not statistically different, HBSAg levelgere elevated in the control group relative to
the experimental group (see Table 1). This idyikieie to a HBsAg randomization threshold for
NAPs lower than optimal for this patient populatidHBsAg response to therapy has not been
dependent on baseline HBsAg in previous studieg@hiBsAg loss with NAP monotherapy
has been observed with baseline HBsAg levels asdsd 58,180 IU/mL}. Additionally, in the
current study, HBsAg, anti-HBs and ALT responsesmdutherapy and therapeutic outcomes
were not correlated with baseline HBsAYX 0.256, Figure S15).

Exclusion of subjects for elevated heavy metals bes®d on early studies in Dhaka, Bangladesh
(which has one of the worlds highest concentratadriseavy metals) where dysphagia,
dysgeusia and alopecia were observed during RE®-€a3herapy in all participarits Mineral
mobilization from bones (driven by mineral elimiiwet accompanying chronic PS-ON

exposuré’) likely drove these effects but since these estridies, several PS-ON drugs with
stability similar to REP 2139 have been approvedife following extensive clinical

development worldwid®, including third world regions where heavy metgb@sure is greater

than in the developed world. The absence of theeabpmptoms with these PS-ONs and with
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NAPs in the REP 301 and REP 401 studies suppoatsdaiming the heavy metal exclusion

requirement in future studies.

The poor HBsAg response in a small proportion adiepds in the REP 401 study has been
observed in previous clinical trials with NAPs andrently has no correlation with baseline
virologic characteristics. Clearance of HBsAg frtma blood during NAP therapy is dependent
on the inhibition of SVP secretion by NAPs and ltlest immune function to clear virus and SVP
which may explain the improvement in HBsAg losdloiwing the addition of peglFN or
thymosinal'® Increased frequency NAP dosing has rescued HBs#ygpnse in the REP 101
study? suggesting that more frequent NAP dosing, perhagisREP 2165-Mg, can be

evaluated in future studies to improve HBsAg dexdim the small proportion of patients who
experience slower HBsAg during REP 2139-Mg-basedaiby.. Finally, a backbone therapy of
NUC + REP 2139-Mg needs to be evaluated with atherunotherapies such as thymosih

therapeutic vaccines or pattern recognition reaeggonists.
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FIGURE LEGENDS

Figure 1. (A) NAP sequence: REP 2139 and REP 2i®&@0mer, fully phosphorothioated
oligonucleotides with the sequence (A, 5-methyhC)n REP 2139, all sugars are O-methylated
at the 2’ position and in REP 2165, three riboaderes with unmodified sugars (underlined),
render these nucleotides more susceptible to meledack. (B) REP 401 study design. Forty
patients received 24 weeks of TDF monotherapy Wb by randomization into experimental
and control groups (to receive REP 2139-Mg or REE52VIg) at Week 24. Crossover for
futility to experimental therapy in the control gmoccurred following 24 weeks of TDF +
peglFN at Week 49. Visits during treatment-freédwtup occurred 4, 12, 24 and 48 weeks after
cessation of therapy. Analysis paradigms betweenps during Part A of the study (see
Methods) in the presence and absence of NAPs @ jlaring Part B between REP 2139-Mg
and REP 2165-Mg (D) are presented.

Figure 2. Hematological and transaminase alteratituring the first 48 weeks in the REP 401
study. Individual responses of WBC (A, B) and deitéD, E) counts and elevations in ALT (G,
H and AST (J, K) are presented. Control groupigigents (receiving TDF + peglFN) are (A,

D, G. J) and experimental group participants (ngiTDF + peglFN + NAPs) are (B, E, H,

K). Dosing regimen is indicated at the top of éd (B). Analysis of differences in average (+
standard deviation) WBC and platelet minima (CaRdl ALT and AST maxima during the first
48 weeks of therapy between experimental and clogrioops are presented. Normal ranges are

indicated by horizontal dashed lines.

Figure 3. Changes in serum HBsAg, anti-HBs and HBNA during the first 48 weeks of
therapy (Part A) in the REP 401 study. Control grparticipants (receiving TDF + pegIFN) are
indicated (A, E, H) and experimental group parteifs (receiving TDF + peglFN + NAPS) are
indicated (B, F, I). Dosing regimen is indicatedta top of (A) and (B). Analysis of HBsAg (A-
D), anti-HBs (E-G) and HBV DNA (H-J) are providednalysis of differences in absolute
declines (C) and lag reduction from baseline (D) of HBsAg, anti-HBsreases (G) and HBV
DNA declines (J) at Week 48 between experimentdlcamtrol groups are presented with
average * standard deviation indicated. Black éadimes indicate LLOQ (HBsAg and HBV
DNA) and seroconversion (anti-HBs). Dotted blaokes$ indicate target not detected (HBsAg
and HBV DNA) or no meaningful detectable anti-HB9(1 mlU/mL). Dashed horizontal line
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in (D) indicates threshold (< 1 lggfrom baseline) for HBsAg reduction indicating fityi of
further peglFN treatmett 2 Individual participants experiencing HBsAg redont> 0.5 logg

from baseline are indicated in A.

Figure 4. Changes in serum HBsAg, anti-HBs and HBNA during the 48 weeks of TDF +
peglFN + NAPs (Part B) in the REP 401 study. Indiingl patient responses during combination
therapy with REP 2139-Mg (A, C, E) or REP 2165-N8g D, F) are presented. Analysis of
HBsAg (A, B), anti-HBs (C, D) and HBV DNA (E, F)aprovided. Each panel contains
participant responses in the control group (lefXperimental group (middle) and analysis of
response at the end of therapy (average = stam@aidtion) between control and experimental
groups (right). Black dashed lines indicate LLOB6Ag and HBV DNA) and seroconversion
(anti-HBs). Dotted black lines indicate target detected (HBsAg and HBV DNA) or no
meaningful detectable anti-HBs (< 0.1 mlU/mL). HRskebound in 02-010 (B) occurred during
withholding REP 2165-Mg dosing due to peglFN-redadepression prior to early entry into
follow-up. Late declines in HBsAg in 01-017 and @19 (A) were associated with late rebound
during follow-up (see discussion). Patients witBdAg fluctuations during therapy in A and B

are indicated by open arrows (see discussion).
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Table 1. Baseline demographics of participantf@REP 401 study.

Par ameter Control Experimental
Baseline (prior to Week 1)
Participants enrolled 20 20
Documented history of infection prior to theragy 9 (0.1-19) 7 (0.25-28)
[years, median (range)]
Previous therapy NUCs 0 t
peglFN 0 0
Age [median (range)] 40.5 (22-53) 40.5(23-52)
Males (percentage) 17 (85) 16 (80)
HBYV genotype A 1(5) 2 (10)
(percentage) D 19 (95) 18 (90)
<7kPa 12 (60) 10 (50)
Fibroscafi >7-9 kPa 4 (20) 7 (35)
(percentage) >9-11 kPa 0 (0) 2 (10)
> 11 kPa 4 (28) 1 (?
8.7x1 4.8x1
Virologic baseline HBV DNA (IU/mL) (2.2x10 - 7.1x10) (2.13x16G - 7.1x10)
[median (range)] HBsAg (IU/mL) 9302.5 (1575-53073) 8743 (1147-31184)
Anti-HBs (mIU/mL) 0 (0-5.11) 0 (0-35)

ALT [U/L, median (range)]) 49 (21-302) 56.5 (20-276
Normal ALT (< 50 U/L, percentage) 11 (55) 8 (40)
Platelets x19mL, [median (range)] 175 (148-260) 168.5 (124-331

Liver median stiffness [kPa, median (range)] 6463{14.1) 7.3 (4.4-19.6)
At randomization (Week 25 — start of peglFN)
Participants who received REP 2139-Mg 10 (startingeek 49) 10
Participants who received REP 2165-Mg 10 (startingeek 49) 10
Participants who received peglFN 20 20
Virology HBV DNA (1U/mL) <10 (TND-1793) <10 (TND - 675)
[median (range)] HBsAg (IU/mL) 9213.5 (1466-34636) 7891 (779-31083
Anti-HBs (mIU/mL) 0.08 (0-2.37) 0 (0-18)

HBYV DNA TND (percentage) 6 (30) 4 (20)

ALT [U/L, median (range)] 36 (21-94) 39.5 (17-100)
Normal ALT (< 50 U/L, percentage) 16 (80) 17 (85)
Platelets x19mL, [median (range)] 185.5 (125-305) 189 (133-320)

No significant differences in baseline parameteais wbserved between groups (p > 0.05).
Liver stiffness was not evaluated at randomizatidsD, target not detected.
Documentation of infection at least 6 months ptitreatment could not be obtained in
threé and on& participants. Chronicity of infection in thes@drticipants was subsequently
confirmed by HBcAg IgG positivity and IgM negatiyif this participant was diagnosed
with HBV infection in 1988 and several years ptioenrollment, had received lamivudine
for 1y 3m (halted due to resistance) and telbue@dor 3-4 months (halted due to poor
tolerability).® Metavir correlates to Fibroscan ranges are as\isli FO (normal)s 7 kPa,
F1-F2: >7-9 kPa, F2-F3 >9-11 kPa, F3-F4: > 11 kPa.
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Table 2

Participants experiencing adverse events duringksvie- 48 in the REP 401 study.

TDF TDF +peglFN | 10F LR?,%'FN
Adverse event (Weeks 1-24)| (Weeks 25-48)
(n=40) (n=20) (Week_s 25-48)
(n=20)

Grade>2 0 8 19
ALT elevation Grade>3 0 3 12

Grade 4 0 1 6
Neutropenia grade’3 0 0 0
Thrombocytopenia gradé 3 0 0 1
Fever 0 7 17
Fatigue / weakness 3 5 3
Leukopenia 0 5 4
Headache 3 4 4
Myalgia 1 4 10
Abdominal pain / discomfort 2 3 0
Nausea / vomiting 2 0 6
Arthralgia 1 2 3
Chills 1 2 1
Dizziness / vertigo 2 2 1
Flatulence 3 2 0
Anemia 0 1 1
Arthritis 0 1 0
Back pain 1 1 3
Bilateral calf pain / lower extremities 1 1 2
Bone pain 0 1 0
Erectile dysfunction 0 1 0
Hyperglycemia 0 1 0
Hypertriglyceridemia 0 1 1
Hypoglycemia 0 1 0
Hypophosphatemia 0 1 0
Insomnia 2 1 2
Pulpitis 0 1 0
Upper respiratory infection 4 1 0
Apnea 0 0 0
Appendicitis 1 0 0
Asthenia 0 0 2
Autoimmune hypertrophic thyroiditis 0 0 0
Chest pail 1 0 1
Dermatiti 1 0 0
Diarrhea 1 0 0
Dysfunctional metrorrhagia 0 0 0
Elevated 250H-vitamin D 0 0 3
Hematuria 0 0 2
Hypernatremi 0 0 1
Hypotensiol 0 0 1
Hypothyroidism 0 0 0
Nephritis 0 0 0
Numbness or itching 1 0 3
Orchitis 1 0 1
Pain under right ri 0 0 0
Fhotosensitivit' 0 0 0
Portal hypertension 0 0 0
Rash 0 0 1
Sacroiliitis 0 0 0
Sleepiness 1 0 0
Spondylopathy 0 0 1
Sweating 0 0 1
Tachycardia 0 0 0
Dry mouth 0 0 0
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Table 3. Virologic and biochemical outcomes in RteP 401 trial.

Part A Part B CTL + EXP
Week 24 Week 48 EOT Follow-up week 48° Completed
Parameter | Basdline CTL | EXP thirsav%@ldof24_
a b
CTL | EXP P | CTL | EXP P | CTL® | EXP Pl he16) | (ne19) | P tollow-up
(n=36)*°
HBsAg®
> 1 logy reduction
from baseline 0 0 0 3(15) | 18(90) 19 (95) | 16 (85)| 0.11711 (68.7) 14 (77.8)0.808 27 (75)
< 1000 IU/mL 0 0 0 3(15)| 17 (85 18 (90) 17 (85).604 11 (68.7) 14 (77.8)0.808] 26 (72.2)
<100 1U/mL 0 0 0 1(5) | 15(75 16 (8Q) 15 (7b) DAY10 (62.5) 13 (72.2)0.805] 23 (63.9)
<1 1U/mL 0 0 0 (0781 o© 14 (70) <0.01| 14 (70) 14 (70) 0.48B(50) | 9 (50) | 0.956 18 (50)
<LLOQ i
(0.05 1U/mL) 0 0 0 0 10 (50) 11 (55 13 (69) 0.60@ (37.4)| 8(44.4) 0.879 15 (41.7)
TND i
(0.00 IU/mL) 0 0 0 0 10 (50) 10 (50 13 (69) 0.4364 (25) | 8(44.4) 0.483 13(36.1)
Anti-HBs
Seroconversion
10 miU/mL) 2 (5¢ 0 1 (55 0.701 0 11 (55)| <0.01 11 (55)| 13 (65)| 0.60R 8 (50) 9 (50) | 0.948 19 (52.8)
HBV DNA
<2000 1U/mL 0 | 20 (100) 20 (100)[0.781] 20 (100)] 20 (100)] 0.781 | 20 (100] 20 (100)0.781] 11 (68.7] 16 (88.9J0.313] 28 (77.8)
(<1|6L|8/?nL) 13 (65)| 15 (75)| 0.5788(40) | 10(50)| 0.607 17(85) 12 (60) 0.08 9 (56.2) (61.1)0.914] 21 (58.3)
TND 0 6(30) | 4(20)| 0.556 8 (40) | 10 (50)| 0.607 12(60) 11 (55) 0.138(43.7)| 10 (55.6)0.766] 17 (47.2)
ALT
?ioggﬂ/u 20 (50) | 16 (80)) 17(85) 0.7011(5) | 0(0) | 0701 8(40) 5(25) 0.4085 (93.7)17 (94.4)0.946 32 (88.9)
Liver median stiffness’
< baseline NA ND ND | ND| NA NA ND| 4(20) 7(35) 0.3f3 (43.7)] 11 (61.1)0.796] 19 (52.8)
Normal € 7 kPa) | 21 (52.5) ND ND | ND| NA NA ND | 2(10) | 6(30)| 0.11 7 (43.7) 147B)[0.113 20 (55.5)
Virologic outcomes
Virologic control NA NA NA | ND | NA NA ND NA NA | ND |5(31.2)] 8(50)] 0.72] 14 (38.9)
Functional cure NA NA NA | ND | NA NA ND NA NA | ND |6(37.5)| 8(50)| 0.88] 14 (38.9)

Numbers in parenthesis are percentages. NA, micaple, ND = not determined, TND = target notesd¢d
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2 participants did not complete therapy (see Fi@ireTables S5 and S6), EOT LMS was not assesghdse participants.

1 participant did not complete therapy (see Figiteand Table S4), EOT LMS was not assessed.

communication was lost with 4 participants aftdloiw-up week 24. One participant withdrew consdtera=\W24, 1 participant death after FW24
unrelated to study (Figure S1, Table S4 and sealRgs

Qualitative HBsAg data only available for one patiat FW48 (see Figure S1 and Table S3)

Baseline HBsAg in these patients was 9595 and 10J86L.

This participant with HBsAg seroconversion at the ef TDF monotherapy was seroconverted at baseline

Liver median stiffness was not assessed at Week 28.

HBsAg positive, HBV DNA< 2000 IU/mL, normal ALT.

HBsAg < 0.05 IU/mL, HBV DNA TND, normal ALT.
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Figure 1
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Figure 2
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Figure 3

peglFN peglFN + NAP

A . B | C P <.001 D P <.001

1.E+05 7 -
0O, 0
26
2
© 5 1
o
c .
$°%1 o
S 2
he]
o
&
(o]
-
CTL EXP
1E+06 7 Q1 - Week 48
] ]
1E+05 { ! 1! 1
- P =.046
E1E+04 { | 1 I
~ [} ]
S 1.E+03 4 1 1 ] 2
] ] 1
§«1.E+02 {! 4! .
» : !
@ 1 E+01 B e N A s
.:E ' o %
R n L/ - o
= 1.E+00 & .
1.E-01 4 i Lo e p—
]
1.E-02 — —
1.E+09 - J
1.E+08 { ]
~1E+07 1 | |
£ 1.E+06 - ]
S 1.E+05 - 1
< 1.E+04 - .
Z 1 E+03 - ;
ol | P =448
5 1E+02 { 1 'O !
T 1E+01 -1-- - i - -
1.E+00 : y J...... Jeco o N (o)) [T
1.E-01 L :

5 5 15 25 35 45 5 5 15 25 35 45 CTL EXP
Weeks of treatment  Weeks of treatment Week 48



Figure 4
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What you need to know:

Background and Context: Nucleic acid polymers (NARBibit assembly and secretion of
hepatitis B virus (HBV) subviral particles.

New Findings: In an open-label, phase 2 study efstifety and efficacy of the NAPs REP 2139
or REP 2165 combined with tenofovir disoproxil fuisi® (TDF) and pegylated interferon alfa-
2a (peglFN) in patients with negative chronic HB¥ection who were negative for HB e
antigen (HBeAg), addition of NAPs to TDF + peglFN dot alter tolerability and significantly
increased rates of functional cure during and afterapy.

Limitations: This was an open-label phase 2 studgiyhér studies are needed.

Impact: The NAPs REP 2139 or REP 2165 can be amd€DF and peglFN therapy to improve
outcomes of patients with chronic HBV infection.

Lay Summary: The authors tested the efficacy afetysaf a new class of anti-HBV drugs
called NAPs in patients with chronic infections.€ldirugs are safe and increase the efficacy of
other treatments for chronic HBV infection.



