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BACKGROUND AND AIMS: RO7062931 is
(GalNAc)-conjugated
locked nucleic acid oligonucleotide complementary to HBV
RNA. GalNAc conjugation targets the liver through the
asialoglycoprotein receptor (ASGPR). This two-part phase 1

an N-

acetylgalactosamine single-stranded

study evaluated the safety, pharmacokinetics, and pharmacody-
namics of RO7062931 in healthy volunteers and patients with
chronic hepatitis B (CHB) who were virologically suppressed.

APPROACH AND RESULTS: Part 1 was a single ascend-
ing dose study in healthy volunteers randomized to receive a
single RO7062931 dose (0.1-4.0 mg/kg), or placebo. Part 2
was a multiple ascending dose study in patients with CHB
randomized to receive RO7062931 at 0.5, 1.5, or 3.0 mg/kg
or placebo every month for a total of 2 doses (Part 2a) or
RO7062931 at 3.0 mg/kg every 2 weeks, 3.0 mg/kg every
week (QW), or 4.0 mg/kg QW or placebo for a total of
3-5 doses (Part 2b). Sixty healthy volunteers and 59 patients
received RO7062931 or placebo. The majority of adverse
events (AEs) reported were mild in intensity. Common AEs
included self-limiting injection site reactions and influenza-
like illness. Supradose-proportional increases in RO7062931

12

plasma exposure and urinary excretion occurred at doses
>3.0 mg/kg. In patients with CHB, RO7062931 resulted in
dose-dependent and time-dependent reduction in HBsAg ver-
sus placebo. The greatest HBsAg declines from baseline were
achieved with the 3.0 mg/kg QW dose regimen (mean nadir
~0.5 log,, IU/mL) independent of HBeAg status.

CONCLUSIONS: RO7062931 is safe and well tolerated at
doses up to 4.0 mg/kg QW. Supradose-proportional exposure
at doses of 3.0-4.0 mg/kg was indicative of partial saturation
of the ASGPR-mediated liver uptake system. Dose-dependent
declines in HBsAg demonstrated target engagement with
RO7062931. (HepaToLOGY 2021;74:1795-1808).

hronic hepatitis B (CHB) infection is a major
global health problem, with an estimated
prevalence of 257 million people.”) Nearly
25% of all patients with CHB develop serious liver
diseases, such as cirrhosis or HCC, and in 2015,
nearly 0.8 million deaths were attributed to the dis-
12) . I~ .
ease.” "~ Current clinical guidelines consider clearance
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of HBsAg as the optimal endpoint for CHB disease,
as it has been shown to be associated with improved
survival and protective against disease progression
and development of HBV complications including
cirrhosis, liver failure, and HCC.GY However, cur-
rently available treatments including nucleos(t)ide
analogues (NUCs) and pegylated interferons (PEG-
IFNs) reduce the risk of CHB sequelae but are asso-
ciated with very low rates of HBsAg loss in addition
to challenges of potentially lifelong treatment with
NUCGC:s and the safety and tolerability profile of PEG-
IFNs. Because of the therapeutic limitations of the
available treatments, therapeutic modalities are bein
developed with the goal of a functional cure.>>°
Functional cure is defined as sustained, undetectable
HBsAg with or without seroconversion to hepatitis B
surface antibody after completion of a finite course of
treatment.”)

An important characteristic of CHB infection that is
responsible for preventing viral clearance and recovery
from HBV is T-cell exhaustion. Increased circulating
antigens or viral load in CHB stimulates an immu-
nologic environment rich in coinhibitory receptors,
such as programmed death receptor 1/programmed

death ligand 1 and T-regulatory cells that contribute
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to persistent T-cell exhaustion and loss of an appropri-
ate immune response to HBV infection.® High levels
of HBsAg expression persist throughout the HBeAg-
positive and HBeAg-negative phases of the disease,>”
which is thought to play a prominent role in promot-
ing virus-specific T-cell anergy and deletion in chronic
HBV infection.’%? Other viral antigens, includ-
ing HBeAg and the HBV protein X, have also been
shown to play a role in maintaining CHB by suppress-
ing cellular immune responses to HBV.?) Therefore,
a combination of antiviral agents (that inhibit antigen
production) together with immune-modulating agents
are likely to be more efficacious than single agents
alone in achieving higher rates of functional cure.
Investigational therapies targeting the shared 3’
region of HBV RNA transcripts prevent the trans-
lation of viral antigens, including HBsAg, thereby
potentially facilitating restoration of the virus-specific
immune response and functional cure. 31 HBV
gene expression inhibitors in development include
double-stranded small interfering RNAs (siRNAs)
and antisense oligonucleotides (ASOs). siRNAs,
which work through the RNA-induced silencing
complex (RISC), are being investigated in clinical tri-
als for the treatment of CHB.(®1317-2D ASOs, which
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work through a ribonuclease H (RNase-H)-mediated
mechanism of mRNA degradation, have also shown
promising antiviral activity in preclinical studies!**?
and early-phase clinical trials involving patients with
CHB.(17.23

RO7062931 is a liver-targeted locked nucleic acid
(LNA)-containing ASO that is complementary to
a highly conserved sequence in the shared 3’ region
common to all HBV RNA transcripts. To achieve
hepatocyte-specific targeting, RO7062931 comprises
an RNase-H-directing LNA-ASO (gapmer) conju-
gated to three molecules of N-acetylgalactosamine
(GalNAc), which is a high-affinity ligand of the
asialoglycoprotein receptor (ASGPR) predominantly
expressed at the hepatocyte cell surface.*** Studies
in the adeno-associated virus-HHBV mouse model have
shown that GalNAc conjugation results in a distribu-
tion shift of LNA-ASO to liver hepatocytes away from
the kidney, leading to potent and durable reduction of
viral replication and HBsAg levels relative to unconju-
gated LNA-ASO."* However, ASGPR uptake pro-
cesses are saturable, and doses of RO7062931 beyond
which ASGPR saturation occurs would result in a pro-
portionally lower liver uptake and increased off-target
exposures (e.g., kidney), with increased potential for off-
target toxicit}/.(14’26) Dose level and dosing frequency
should be tailored to minimize ASGPR receptor
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saturation, thereby maintaining efficient hepatocyte-
targeted delivery of RO7062931.%° Preclinical data
in rodents and monkeys have shown that plasma and
urine RO7062931 levels are indicators of ASGPR sat-
uration, with a shift to supradose-proportional plasma
kinetics and appearance of RO7062931 in the urine
as the ASGPR liver uptake system begins to saturate
with increasing dose (unpublished data).

Here, we report the results of a study (BP39405,
NCT03038113) designed to evaluate the safety, tol-
erability, and pharmacokinetics (PK) of a wide range
of RO7062931 doses in healthy volunteers and the
safety, tolerability, PK, and pharmacodynamics (PD)
of multiple RO7062931 dosing regimens in patients
with CHB who were NUC-suppressed.

Patients and Methods
STUDY DESIGN

This was a randomized, identity-hidden, placebo-
controlled, adaptive phase 1 study conducted in healthy
volunteers (Part 1) and patients with CHB (Part 2)
(Fig. 1). The primary objective of the study was to eval-
uate the safety and tolerability of RO7062931 com-

pared with placebo, with plasma and urine PK assessed

Part 1: Single Ascending Doses in Healthy Volunteers

1.0 mg/kg

Planned cohort size
N =8 (RO7062931) + 2 (placebo)

Part 2: Multiple Dosing in CHB Patients

Part 2a: QM Part 2b: Q2W/QW
(Total 2 doses) (Total 3 doses)
0.5 mg/kg = 3.0 mg/kg Q2W
(n=16) N=7
(3 doses)
1.5 mg/kg
(n=7) 3.0 mg/kg QW
| N =14
3.0 mg/kg (5 doses)
(n=6)
4.0 mg/kg QW
Placebo N=4
(n=6) | (4 doses)

Planned cohort size
N =6 (RO7062931 or
placebo)

Planned cohort size
N =6 (RO7062931) + 2
(placebo)

FIG. 1. Study design. Part 1: single ascending dose cohorts in healthy volunteers. Parts 2a and 2b: multiple-dose cohorts in patients with

CHB.
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as secondary objectives. Part 2 included an additional
secondary objective to study HBsAg dynamics after
RO7062931 administration. Exploratory objectives
of the study were to determine doses of RO7062931
resulting in ASGPR receptor saturation (Part 1) and
the effects of RO7062931 on viral parameters other
than HBsAg (Part 2). The study protocol is available
online at www.clinicaltrials.gov.

The study was performed in accordance with the
International Conference on Harmonisation E6
good clinical practice guidelines, the Declaration of
Helsinki, and the laws and regulations of the regions
in which the research was conducted. The study was
approved by the institutional review board/indepen-
dent ethics committee of the participating sites. All
participants gave written informed consent before
participation in the study.

Part 1—Single-Dose Escalation Study
in Healthy Volunteers

Part 1 was a single ascending dose study conducted
in New Zealand comprising six dose-escalation
cohorts. In each cohort, 10 healthy volunteers were
randomized to subcutaneous injection of RO7062931
or placebo in a 4:1 ratio. The dose-escalation sched-
ule comprised doses of 0.1, 0.3, 1.0, 2.0, 3.0, and
4.0 mg/kg. After screening, volunteers were admit-
ted to the clinic on Day -1, received RO7062931 or
placebo on Day 1, and were discharged on Day 3.
Participants returned for outpatient visits on Days 4,
5,6,8,15,29,and 85.

Sentinel dosing was performed, whereby 2 partici-
pants from each cohort, at least one of whom received
RO7062931, were followed for 24 hours after dosing
to monitor for acute reactions. The remaining 8 par-
ticipants were dosed thereafter, contingent on satisfac-
tory safety assessments. Safety was monitored for at
least 28 days in the entire cohort before starting the
next dose escalation cohort.

Part 2—Multiple-Dose Study in
Patients With CHB

Part 2 was a parallel multiple-dose study conducted
in Australia, Hong Kong, Korea, New Zealand, Taiwan,
and Thailand. In Part 2a, patients were randomized

1:1:1:1 to subcutaneous doses of RO7062931 at 0.5,
1.5, or 3.0 mg/kg or placebo administered every month
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(QM) for a total of 2 doses. In Part 2b, patients were
randomized 3:1 to sc RO7062931 or placebo across
3 multiple-dose cohorts: 3.0 mg/kg every 2 weeks
(Q2W) for 3 doses; 3.0 mg/kg every week (QW) for
5 doses; or 4.0 mg/kg QW for 4 doses. Patients in the
4.0 mg/kg QW cohort received only 4 doses because
the study protocol specified that the total dose could
not exceed 16 mg/kg/month. Part 2c, which was
planned to investigate extended QW treatment dura-
tion for up to 48 weeks, was not conducted.

Patients were followed up weekly for the
first 50/57 days and then monthly up to at least
106/113 days after the last dose of R(O7062931,
depending on the cohort. Study visits included two
optional in-clinic stays for drug administration (Day 1
and Day 29, or Day 22 for the 4-dose QW cohort).
On other drug administration days, patients received
the drug at an outpatient clinic visit.

PARTICIPANTS

Male and female healthy volunteers and patients
with CHB aged 18-65 years were eligible to participate
in the study. In Part 1, healthy participants who were
nonsmokers with body mass index (BMI) 18-30 kg/ m?
and body weight 250 kg were eligible for participation.
In Part 2, a diagnosis of CHB (HBsAg-positive for
>6 months before randomization) was required, and
patients should have been receiving entecavir, tenofovir,
adefovir, or telbivudine treatment for >6 months with
treatment ongoing throughout the study. Patients were
also required to have HBsAg titer 21,000 IU/mL at
screening and HBV DNA <90 IU/mL for 26 months.
Inclusion criteria also specified alanine aminotransferase
(ALT), aspartate aminotransferase, y-glutamyltransfer-
ase, and alkaline phosphatase to be <1.5 x upper limit
of normal (ULN) at screening. The required BMI was
18-32 kg/m?. Additional inclusion and exclusion cri-
teria for Parts 1 and 2 are described in the Supporting
Information.

DRUG ADMINISTRATION

Study drugs were administered by subcutaneous
injection at appropriate sites (i.e., the abdomen or
upper thigh). For multiple doses in Part 2, the admin-
istration site was rotated. All doses were administered
at the study clinic in the morning in the fasted state
either 2 hours before or 2 hours after a morning meal.


http://www.clinicaltrials.gov

HEPATOLOGY, Vol. 74, No. 4, 2021

SAFETY ASSESSMENTS

Safety assessments included adverse events (AEs),
clinical laboratory tests (hematology, blood chemis-
try, coagulation, urinalysis), electrocardiogram (ECG),
vital signs (blood pressure, heart rate, temperature),
and physical examination. AEs were recorded until the
last follow-up visit and classified according to severity
as mild, moderate, or severe. The causality of AEs was
determined by the investigator. All AEs were followed
until resolution, until the condition stabilized, or until
the participant was lost to follow-up.

Abnormalities in laboratory findings or vital signs
were reported as AEs if they were accompanied by
clinical symptoms, resulted in a change in study treat-
ment, resulted in a medical intervention, or were
deemed clinically significant by the investigator.

PK ASSESSMENTS

Plasma and urine PK were used as surrogate mark-
ers to provide exploratory information about sin-
gle doses that may lead to liver ASGPR saturation
(doses at which RO7062931 dose-dependent PK
becomes nonlinear in plasma and urine). Details of
PK sample collection are described in the Supporting
Information.

PD ASSESSMENTS
In Part 2, blood samples for quantitative HBsAg

assessment were collected from patients with CHB
at study visits before and after dosing up to Day 113.
HBsAg assessments included change in quantita-
tive HBsAg (log,, IU/mL) from baseline over time
and maximum change from baseline in quantitative
HBsAg across all time points. HBsAg was assessed
in patients who were HBeAg-positive and patients
who were HBeAg-negative. Exploratory PD assess-
ments included the quantification of HBV RNA and
HBcAg. Details of PD methods are described in the

Supporting Information.

STATISTICAL ANALYSIS

The planned sample sizes were 10 healthy volunteers
per cohort (n = 8 for RO7062931, n = 2 for placebo) in
Part 1, 6 patients per cohort in Part 2a, and 8 patients
(n = 6 for RO7092931, n = 2 for placebo) per cohort

in Part 2b. Healthy volunteers receiving placebo in
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Part 1 were pooled as one treatment group, as were all
patients receiving placebo in Part 2. The safety anal-
ysis included study participants who received 21 dose
of study medication. Study participants who did not
significantly deviate from the protocol and had ade-
quate data for PK analysis were included in the PK
analysis population. Patients were excluded from the
PD analysis if they prematurely discontinued planned
study treatment. Descriptive statistics were used to
summarize the plasma and urine PK parameters (cal-
culated using WinNonlin software), the change from
baseline in log,, quantitative HBsAg, and other PD
parameters. The Power model method was used in the
assessment of dose proportionality and is described in
the Supporting Information.

A post-hoc analysis evaluated change from base-
line in quantitative HBsAg using a Mixed Model
for Repeated Measures with treatment, visit, and
treatment by visit interaction fitted as fixed effects
(between-participant effects); baseline HBsAg and
baseline body weight as covariates; and visit within par-
ticipant fitted as a random effect (within-participant
effect). Parameters were estimated using restricted
maximum likelihood estimators, and the Kenward-
Roger method was used to calculate the denomina-
tor degrees of freedom. Differences in adjusted means
between active RO7062931 and placebo, of which the
associated 90% CI did not contain 0, were considered
to be statistically significant and evidence of target
engagement.

To simulate longer-term treatment, a mechanistic
PK/PD model to describe RO7062931 viral dynamics
was developed (Supporting Fig. S1). Integrating dis-
ease processes and a concentration-driven drug effect,
this model could accurately describe the observed
individual and mean time course of HBsAg decline
as well as the variability in the data. Details of the
modeling and simulation work are described in the
Supporting Information.

Results
A total of 60 healthy volunteers and 59 patients

were enrolled and randomized in Parts 1 and 2, respec-
tively (Fig. 2). All 60 volunteers received RO7062931
(n = 48) or placebo (n = 12) across the Part 1 dose
cohorts, and all 59 patients with CHB received at least
one dose of RO7062931 (n = 44) or placebo (n = 15)
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Part 1: single ascending dose in healthy volunteers

Enrolled (n=60)

Randomized (n=60)
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Part 2: multiple dosing in patients with CHB

Enrolled (n=59)

Randomized (n=58)

Allocated to RO7062931 (n=48) Allocated to placebo (n=12)

Allocated to RO7062931 (n=44) Allocatedto placebo (n=15)

Withdrawal due to non-safety

reasons (n=1) Lost to follow-up (n=1)

Protocol deviation (n=1)
Violation of eligibility criteria (n=2)

Withdrawal due to non-safety
reasons (n=1)

« Safety population (n=48)
* PK population (n=48)

« Safety population (n=12)
* PK population (n=12)

+ Safety population (n=44)
* PK population (n=44)
* PD analysis (n=42)

+ Safety population (n=15)
* PK population (n=15)
+ PD analysis (n=13)

FIG. 2. Volunteer and patient flow through the study for (A) Part 1 single ascending dose in healthy volunteers and (B) Part 2 multiple

dosing in patients with CHB.

across the Part 2 dose cohorts. For nonsafety reasons,
2 healthy volunteers did not complete follow-up in
Part 1 of the study, and 4 patients did not complete
the planned dosing regimens in Part 2. All 60 volun-
teers and 59 patients were included in the safety and
PK analysis populations. In Part 2 of the study, the
4 patients who did not complete the planned dosing
regimen were excluded from the PD analysis.

In Part 1, all but one of the volunteers were male
(98%), mean age was 29 years, mean body weight was
74 kg, and mean BMI was 24 kg/m” The majority
of participants were White (62%), followed by Asian
(25%). Dose groups were well balanced for demographic
and baseline characteristics (Supporting Table S1).

Demographic and baseline disease characteristics
of patients with CHB in Part 2 are summarized in
Table 1. With the exception of sex, the treatment
groups were well balanced for demographic and base-
line characteristics. Overall, 88% of patients were
male, mean age was 45 years, mean body weight was
71 kg, and mean BMI was 24 kg/mz. Most patients
were Asian (90%). At baseline, 58% of patients were
HBeAg-negative and 86% of patients had an ALT
level <ULN. Although all patients had ALT <1.5 x
ULN at screening, 1 patient in each of the 3.0 mg/kg
QW and placebo cohorts had elevated ALT levels
between 1.5 and 3 x ULN at baseline (Day 1 pre-
treatment). Baseline HBsAg values were well matched
across cohorts with mean values between 3.4 and

1800

3.7 log,, IU/mL. All but 3 patients exhibited HBV
DNA values at or below the lower limit of detection
in the assay (20 IU/mL). The number of patients
who were HBeAg-positive and patients who were
HBeAg-negative in some cohorts varied but were well

balanced in the 3.0 mg/kg QW and placebo groups.

SAFETY AND TOLERABILITY

Overall, AEs were reported in 33 of 48 (68.7%)
healthy volunteers in the RO706239 dose groups
and 7 of 12 (58.3%) placebo recipients in Part 1 of
the study (Supporting Table S2) and in 29 of 44
(65.9%) patients in the RO7062931 treatment groups
and 8 of 15 (53.3%) patients receiving placebo in
Part 2 (Table 2). Treatment-related AEs were mainly
injection site reactions (ISRs), which were observed
in approximately 20.0% of healthy volunteers and
patients with CHB. The most common AEs in
healthy volunteers were ISRs, followed by upper
respiratory tract infection and headache. Influenza-
like illness was most common in patients with CHB,
followed by ISR and headache. All cases of upper
respiratory tract infection, headache, and influenza-
like illness were considered unrelated to study treat-
ment per the reporting investigators. Although the
incidence of influenza was numerically higher in
treated subgroups (n = 9/44, 20.5%) than in the pla-
cebo group (n = 2/15, 13.3%), this is likely attributed
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TABLE 1. Demographic and Baseline Characteristics of Patients With CHB in Part 2 of the Study

RO7062931 @M Dosing (Part 2a) RO7062931 Q2W or QW Dosing (Part 2b)
0.5 mg/kg 1.5 mg/kg 3.0 mg/kg 3.0 mg/kg 3.0 mg/kg 4.0 mg/kg Placebo

Characteristics QM (n = 6) AM(h=7) QM((n=6) QW((n=14) Q2W((n=7) QW({n=4) (=195
Age, mean (SD) years 42 (5) 43 (1) 48 (7) 45 (9) 46 (12) 49 (7) 45 9)
Weight, mean (SD) kg 76 (15) 71 (15) 70 (14) 71 (12) 72 (10) 73(19) 70 (10)
BMI, mean (SD) kg/m? 26 (15) 24 (3) 23 (3) 25 (3) 24 (4) 25 (4) 24 (3)
Male, n (%) 6 (100) 6 (86) 4(67) 12 (86) 7 (100) 3(75) 14 (93)
Ethnicity, n (%)

Asian 5(83) 6 (86) 4(67) 14 (100) 6 (86) 3(75) 15 (100)

White 0 0 1(16.7) 0 0 0 0

Other* 107 1(14) 107) 0 1(14) 1(25) 0
HBeAg status, n (%)

Negative 4(67) 2 (29) 2 (33) 8 (57) 6 (86) 4(100) 8 (53)

Positive 2 (33) 5(71) 4(67) 6 (43) 1(14) 0 7 (47)
HBV DNA, mean (SD) IU/mL* 19 (0.0) 19 (0.0) 19 (0.0) 19 (0.0) 23 (9.5) 19 (0.0) 20 (4.7)
HBsAg, mean (SD) log, , IU/mL 3.4 (0.36) 3.4 (0.29) 3.4(0.13) 3.7 (0.36) 3.7 (0.38) 37(027)  3.6(0.42)
ALT < ULN, n (%)* 4(67) 6 (86) 6 (100) 11(79) 7 (100) 3(75) 14 (93)

*Native Hawaiian or other Pacific Islander.
THBV DNA values reported as <20 IU/mL have been imputed as 19 IU/mL to allow inclusion in summary statistics.
*ALT ULN was 41 U/L for male participants and 33 U/L for female participants.

TABLE 2. AEs Occurring in 25% of Patients With CHB Overall in Part 2 of the Study
RO7062931 QM Dosing (Part 20) RO7062931 Q2W or QW Dosing (Part 2b)

0.5 mg/kg 1.5 mg/kg 3.0mg/kg  3.0mgkgQW 3.0 mg/kg 4.0 mg/kg Placebo
Patients With > 1AE,n (%) QM(n=6) QM (h=7) QM (n=6) (n=14) QW(nh=7) QW ((=4) (n=15)

Tofal 2(33.3) 6(85.7) 4.(66.7) 10 (71.4) 4(57.1) 3(75.0) 8 (53.3)
Mild 2 (33.3) 6(85.7) 3(50.0) 10 (71.4) 4(57.0) 3(75.0) 8 (53.3)
Moderate 0 1(14.3) 1(16.7) 1(7.1) 1(14.2) 1(25.0) 1(6.7)

Treatment-related 0 3(42.8) 1(16.7) 2(14.3) 2 (28.6) 1(25.0) 3(20.0)
Mild 0 3(42.8) 106.7) 2(14.3) 2 (28.6) 0 2(13.3)
Moderate 0 0 0 1(7.1) 0 1(25.0) 1(6.7)

Influenza-like illness 1(16.7) 0 1(16.7) 3(21.4) 2(28.6) 2 (50.0) 2(13.3)

ISR 0 1*(14.3) 1*(16.7) 2" (14.3) 2+ (28.6) 1#(25.0) 0

Headache 0 0 0 1(7.1) 1(14.2) 0 3(20.0)

URTI 0 0 0 1(7.1) 0 0 2(13.3)

Dizziness 0 1% (14.3) 0 0 0 0 2(13.3)

Otopharyngeal pain 0 1(14.3) 0 1(7.1) 0 0 1(6.7)

*Mild treatment-related.

"Mild-moderate treatment-related.

*Moderate treatment-related.

Abbreviation: URTT, upper respiratory tract infection.

to the presence of nontreatment-related factors (i.e., In both Parts 1 and 2 of the study, all AEs were of

AE onset occurred during flu season at one or more mild or moderate intensity, and there were no dose-
sites) as well as imprecise estimates due to small sub- dependent or regimen-dependent increases in the
group sample size. frequency of AEs. ISRs were generally mild, with no
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dose-dependent or regimen-dependent increase in the
frequency or severity, and resolved during the study
without sequelae. There were no clinically significant
changes in laboratory safety parameters (including
hepatic, hematologic, and renal parameters [Fig. 3]
or complement activation), ECG parameters, or vital
signs. There were no serious AEs, deaths or AEs
that resulted in withdrawal from the study, or dose
interruption.

Two patients in the RO7062931 3.0 mg/kg QW
dosing cohort had transient treatment-emergent ALT
elevations >3 x ULN (Supporting Fig. S2). In both
cases, the ALT elevations peaked at the end of the
treatment period (3.5 x ULN at Day 29 and 9.2 x
ULN at Day 36) with concurrent declines in HBsAg
levels and were not associated with impaired liver
excretory/synthetic function or changes in total biliru-
bin, international normalized ratio, or albumin. In one
of these patients, the increased ALT of 9.2 x ULN

was reported as an AE.

HEPATOLOGY, October 2021

PK

Single ascending doses of RO7062931 0.1-4.0 mg/kg
were absorbed rapidly with a median £ of 1.75-
3.00 hours in healthy volunteers (Supporting Table S3),
and most of the drug was cleared from plasma within
24-36 hours (Fig. 4A). Biphasic elimination was clearly
observed for the 2.0, 3.0, and 4.0 mg/kg doses with a
small amount of drug exhibiting an elimination half-life
of 85.70-115.24 hours (Fig. 4B). This second elimina-
tion phase may represent drug redistributed from tissue
and was also observed at lower doses, but characterization
was limited by drug concentration falling below the limit
of detection. RO7062931 exposure increased approxi-
mately linearly with increasing dose until the 3.0 mg/kg
dose. A trend toward a supradose-proportional increase
in exposure was observed between the 3.0 and 4.0 mg/kg
doses (Fig. 4C). In healthy volunteers, the mean fraction
of RO7062931 dose excreted in urine (Fe) over 24 hours
was approximately 0.9%-3.2% (Supporting Table S3). To

/
]
/%

7
23 %L %
I % 7

Treatment Group
——6— Part2aR07062931 0.5 mgkg Q1M (n=6) ——— Part2a RO7062931 1.5 mgkg Q1M (n=7)
—A—— Part2aR0O7062931 3.0 mgkg Q1M (n=6) ——%—— Part2b RO7062931 3.0 mgkg QW (n=14)
Part 20 RO7062931 3.0 mgkg Q2W (n=7) ——@—— Part2b RO7062931 4.0 mg/kg QW (n=4)
——4&—— Part2 Placebo (n=15)

FIG. 3. Mean change from baseline in select (hepatic, hematologic, renal) safety laboratory parameters in patients with CHB receiving
placebo or RO7062931: (A) ALT (U/L), (B) aspartate aminotransferase (U/L), (C) activated partial thromboplastin time (sec), (D)
platelets (10°/L), (E) creatinine (pmol/L), and (F) blood urea nitrogen (mmol/L). Abbreviations: Fu, follow-up; Q1M, every 1 month.
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FIG. 4. Plasma and urine RO7072931 PK. Plasma concentration-time profiles for RO7062931 over (A) 24 hours and (B) 168 hours
after single doses (0.1-4.0 mg/kg) in healthy volunteers; (C) mean plasma AUC , . versus total milligram dose in healthy volunteers;
the dashed line is a linear regression line of the observed AUC at the doses of 0.1, 0.3, and 1 mg/kg in HVs. The orange line is a loess
regression line of the observed AUC in HV. (D) Mean % dose eliminated in urine in the first 8 hours postdose in healthy volunteers and
patients with CHB. Error bars indicate standard deviation. Abbreviations: AUC,, , area under concentration-time curve extrapolated to

infinity; HV, healthy volunteers.

compare with patients with CHB, for whom Fe was only
determined in the first 8 hours, Fe was computed for
0-8 hours in healthy volunteers. In both healthy volun-
teers and patients with CHB, Fe increased sharply with
RO7062931 dose escalation to 3.0-4.0 mg/kg (Fig. 4D).

PK parameters for multiple dosing with RO7062931
in patients with CHB are shown in Supporting Table S4
and were found to be similar to those in healthy volun-
teers. No evidence for plasma accumulation with mul-
tiple doses was detected. As seen in healthy volunteers,
there was a trend for supradose-proportional increases
in RO7062931 plasma exposure and a marked increase
in urine Fe (Fig. 4D) with the 3.0 mg/kg dose.

PD

RO7062931 was associated with dose-dependent
and time-dependent reduction in HBsAg over the

0.5-3.0 mg/kg (all dosing regimens) dosing range
(Fig. 5A,B). The lack of dose dependence in the
4.0 mg/kg cohort is likely due to the smaller sample
size. Monthly 1.5 mg/kg and all 3.0 mg/kg regimens
showed statistically significant reductions in adjusted
mean HBsAg compared with placebo at time points
from Day 8 to follow-up Day 57, inclusive (Supporting
Table S5) with associated 90% confidence intervals that
did not contain zero. These dose-dependent and time-
dependent reductions were considered to be evidence of
target engagement.

HBsAg levels declined, reaching its minimum
(nadir) approximately 2 weeks after starting treat-
ment, and returned to baseline by 12 weeks post-
treatment. The 3.0 mg/kg QW regimen resulted in
greater HBsAg reductions (mean decline at nadir
-0.50 log,, IU/mL) than the 3.0 mg/kg Q2W
and QM regimens (-0.39 and -0.28 log,, IU/
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FIG.5. Mean log,, (IU/mL) change in HBsAg from baseline in patients with CHB receiving placebo or (A) RO7062931 0.5-3.0 mg/
kg QM or (B) RO7062931 3.0 mg/kg QW or Q2W or 4.0 mg/kg QW. (C) RO7062931 3.0 mg/kg QW according to HBeAg status.
Error bars indicate standard error; (D) maximum log, , change from baseline in HBsAg in patients with CHB receiving RO7062931 (0.5-
3.0 mg/kg QM 3.0 mg/kg QW or Q2W, or 4.0 mg/kg QW) or placebo. Error bars indicate 95% confidence intervals.

mL, respectively) (Table 3). Mean HBsAg decline
at nadir with the 4.0 mg/kg QW regimen was
-0.34 log,, IU/mL (n = 4). With the exception of
one outlier patient receiving RO7062931 1.5 mg/kg
QM who had a 21 log,, decrease in HBsAg, all
patients treated with RO7062931 had an HBsAg
decline at nadir <1 log,, IU/mL (Fig. 5D). In the
3.0 mg/kg QW dose group (n = 14), 8 patients
(57%) had a reduction in HBsAg <0.5 log,, IU/mL.
The PK/PD model estimated that a mean reduc-
tion of 0.7 log,, IU/mL would be achieved after
12 months of treatment with RO7062931 3.0 mg/kg
QW, with only 10% of patients reaching a reduction
of 1 log,, IU/mL (Supporting Fig. S1C).

Reductions in HBsAg were similar regardless of
baseline HBeAg status. Mean HBsAg declines at nadir
for patients who were HBeAg-negative and patients
who were HBeAg-positive receiving RO7062931
3.0 mg/kg QW were -0.54 and -0.43 log,, IU/mL,
respectively (Fig. 5C and Table 3).
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Finally, treatment with RO7062931 was associ-
ated with reductions in HBV RNA levels that were
less marked and more variable than reductions in
HBsAg (Supporting Fig. S3). This less profound
effect observed on HBV RNA may be due to the
large proportion of patients (54.5%, i.e., 30 of 55
patients who were PD-evaluable) with a baseline
HBV RNA level below the limit of quantification
of the assay (10 copies/mL), which is more often
observed in patients who were HBeAg-negative
than patients who were HBeAg-positive. Moreover,
RO7062931 did not result in any consistent changes
in HBcAg (Supporting Fig. S3) or HBeAg levels

(data not shown).

Discussion

In this study, single and multiple doses of the
ASO RO7062931 up to 4.0 mg/kg were found to
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TABLE 3. Nadir HBsAg (log,, IU/mL) Decline Following RO7062931 3.0 mg/kg (QM, Q2W, and QW) or Placebo in Patients
With CHB and According to HBeAg Status

R07062931 3.0 mg/kg

Maximum Decrease of HBsAg

(log;q IU/mL) aMm Q2w Qw Placebo
All patients
n 6 6 14 13
Mean (SD) -0.28 (0.099) -0.39 (0.159) -0.50 (0.209) -0.10(0.071)
Median -0.29 -0.45 -0.48 -0.09
Range -0.4410-0.15 -0.5310-0.11 -0.8510-0.17 -0.27 10 -0.01
HBeAg-positive
n 4 1 6 6
Mean (SD) -0.27 (0.043) -0.48 -0.43 (0.171) -0.11 (0.086)
Median -0.29 -0.48 -0.43 -0.07
Range -0.3010-0.21 -0.48 t0 -0.48 -0.6310-0.17 -0.27 0 -0.04
HBeAg-negative
n 2 5 8 7
Mean (SD) -0.30 (0.205) -0.38 (0.170) -0.54 (0.233) -0.10 (0.064)
Median -0.30 -0.41 -0.49 -0.09
Range -0.4410-0.15 -0.5310-0.11 -0.8510-0.21 -0.1810-0.01

be safe and well tolerated in healthy volunteers and
patients with CHB. Treatment-related AEs observed
were primarily ISRs that resolved without sequelae
during the course of the study. Two observed cases of
transient ALT elevations are suggestive of immune-
mediated hepatocyte damage, as they were concur-
rent to HBsAg decline.?”*® Apart from ISRs, no
other oligonucleotide class effects, such as thrombo-
cytopenia or reduced renal function, were noted with
RO7062931. Considering that the vast majority of
enrolled study participants were male (93%), it is not
possible to adequately generalize the study results to
temale participants at this time.

This study provides proof of RO7062931 target
engagement in patients with CHB as demonstrated
by the dose-dependent and time-dependent reduc-
tions in HBsAg that were clearly differentiated from
placebo and independent of baseline HBeAg status.
However, the overall effect of RO7062931 on HBsAg
was modest, even at a QW dose regimen, and does
not compare favorably with other molecules, particu-
larly the GalNAc-conjugated siRNAs. Less profound
reduction in other PD markers (HBV RNA, HBcAg,
HBeAg) may be due to differences in baseline lev-
els between HBsAg and these other PD markers. For
example, only 45.5% of patients had a quantifiable
level of HBV RNA at baseline, which is in line with
the low and often undetectable HBV RNA levels in

patients who were NUC-treated as observed in the
literature.?**” Another factor could be the limited
performance characteristics of these exploratory assays
(e.g., HBcAg has a lower limit of quantification of 3.0
log,, U/mL). Lastly, any differences in the prevalence
of intracellular mRNA species and/or efficiency in
ASO-targeted degradation of these species could also
be a contributing factor.

In this study, RO7062931 was evaluated for a treat-
ment duration of only 4 weeks with a maximum of
5 doses. Although the short duration of treatment was
a limitation of the study, PK/PD modeling analyses
conducted had predicted that only 10% of patients
would exceed a 1 logl0 IU/mL reduction in HBsAg
levels with a 48-week RO7062931 QW dosing reg-
imen (data not shown). Given that RO7062931 is
unlikely to be a first-in-class or best-in-class HBV
treatment, the clinical development of RO7062931
was discontinued to focus on development of the in-
licensed GalNAc-conjugated siRNA RG6346, previ-
ously known as DCR-HBVS.

Clinical data characterizing the various RNA tar-
geting approaches have begun to emerge and pre-
dominantly consist of double-stranded siRNAs
participating in RISC-mediated RNA cleavage and
single-stranded ASOs using RNase-H-mediated
RNA breakdown.®” Two examples of GalNAc-
conjugated siRNAs include JNJ-3989 (ARO-HBV)
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and RG6346 (DCR-HBVS). Compared with the
mean reduction of HBsAg at nadir of 0.5 log,, IU/mL
obtained with RO7062931 at 3.0 mg/kg QW, JNJ-
3989 achieved mean HBsAg reductions of 1.52
and 1.62 log,, IU/mL in patients who were NUC-
suppressed and HBeAg-positive (n = 11) and
HBeAg-negative (n = 37), respectivelgr, 2 months after
3 monthly doses of 100 or 200 mg. 32) Furthermore,
sustained reductions in HBsAg (21 log,, IU/mL)
were observed through to 48 weeks after the last dose
of TNTJ-3989,53) as opposed to the HBsAg rebound to
baseline levels observed by 12 weeks posttreatment in
the current study. Similarly, RG6346 showed a mean
maximal HBsAg reduction of 1.88 log,, IU/mL in
patients who were NUC-suppressed with CHB after
4 monthly doses of 3.0 mg/kg, which was sustained
up to Day 336 without rebound.?)

Compared with the GalNAc-conjugated siRNA
molecules, GSK3389404, another GalNAc-conjugated
ASO with a similar underlying mechanism of action
to RO7062931, exhibited a modest mean HBsAg
decline of 0.75 log, , IU/mL observed during 12 weeks
of treatment at 120 mg QW in patients who were
NUC-treated with CHB.®?

At first glance, it appears that as a class, GalNAc-
conjugated ASO drugs may tend to be less effective
than GalNAc-conjugated siRNA drugs in causing
robust and sustained reduction of HBsAg in patients
with CHB. However, a mechanistic reason for the dif-
terent efficacy of single-stranded and double-stranded
oligonucleotides in the HBV field has not yet been
elucidated. Possible explanations may include differ-
ences in intrahepatic distribution or endosomal traf-
ficking that may have an impact on intrahepatic drug
exposures or may include differences in the efficiency
of RISC versus RNase-H-mediated mRNA degrada-
tion. Taken together, these factors may result in differ-
ences in durability of action. Supporting the concept
that different exposures of the active agent at the tar-
get site can impact overall activity, a partial rebound
of HBsAg can be observed between QM doses of
RO7062931 but not between QW dosing. This sug-
gests a suboptimal exposure in hepatocytes for this
single-stranded oligonucleotide with the QM dosing
regimen that was not seen with the QW regimen or
with equivalent QM dosing for siRNAs such as JNJ-
3989 (ARO-HBYV) described above. Interestingly,
in the mouse efficacy model, a GalNAc-conjugated
HBV ASO showed a decrease of HBsAg in serum
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of up to 3 log after repetitive dosing,"¥ which did
not translate to the responses seen in this study. This
lack of translatability may be attributed to one or
more factors, including species-specific drug potency,
HBsAg half-life, or hepatocyte uptake.

As a counterpoint to this view, ISIS 505358/
GSK3228836, which is the naked ASO metabo-
lite of GSK3389404, was able to achieve mean =
SD HBsAg declines from baseline of 1.56 + 1.38
and 2.51 + 1.57 log,, IU/mL for patients who were
treatment naive and patients who were virologically
suppressed, respectively, with 2 patients exhibiting
prolonged HBsAg loss.* However, the likely expla-
nation for the magnitude of effect for this ASO is
the relatively high total dose (300 mg x 6 = 1,500 mg)
administered over the 4-week treatment period, which
was almost 10-fold higher than the total dose admin-
istered with JNJ-3989 (200 mg) or RG6346 (3 mg/kg;
~180-210 mg) over a 4-week period.

RO7062931 exhibited similar declines in HBsAg
regardless of the HBeAg status of patients receiv-
ing RO7062931 at 3.0 mg/kg QW, suggesting that
RO7062931 is able to target HBsAg transcripts
derived from covalently closed circular DNA and
host integrated HBV DNA, thereby avoiding issues
with the HBV integration site that was elegantly elu-
cidated with the ARC520 experience."”*® Unlike
RO7062931, which targets a region of HBV RNA
upstream from the HBV integration site, the target
site of the siIRNA ARC520 is located in a region that
is commonly deleted on HBV integration.’”

RO7062931 PK were predictable from preclin-
ical models and similar to observations with other
GalNAc-conjugated ASOs.%9 1n monkeys, as the
dose increases, plasma clearance can decrease due to a
decrease in specific liver uptake by the ASGPR shut-
tle as it begins to saturate. This effect has been noted
but not clearly described in humans because the eval-
uated range of doses has not been wide enough.m)

Data from this study provide a relatively simple
approach to understanding liver uptake of GalNAc-
conjugated ASOs or even siRNAs that use the
ASGPR liver shuttle. As the ASGPR liver uptake
system begins to saturate with increasing dose, it is
hypothesized that relatively more drug will be detected
in plasma and urine, resulting in disproportional
plasma and urine kinetics. Indeed, PK data from this
study suggest that ASGPR saturation had commenced
between the 3.0 and 4.0 mg/kg doses. Furthermore,
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modeling of preclinical (cynomolgus monkeys) and
clinical (this study) data indicate that 60%-70%
ASGPR saturation occurs at doses of 3.0-4.0 mg/kg
(manuscript in preparation). It is plausible that with
GalNAc-conjugated agents, a range of doses may be
chosen to evaluate the ASGPR interaction, as has been
done here. Subsequently, a similar modeling approach
could then be used to identify optimum dosing regi-
mens (i.e., determine upper dose limits that maximize
PD effects within the liver while preventing ASGPR
saturation and potential extrahepatic toxicities).

In summary, RO7062931 was safe and well toler-
ated at doses up to 4.0 mg/kg QW. Analyses of PK
data have identified a modeling approach that may
identify optimum dosing regimens that balance tis-
sue exposures with PD activity. RO7062931 exhibited
evidence of target engagement and proof of mecha-
nism in patients with CHB although its impact on
HBsAg reduction was modest. Given the evolving
clinical development landscape of HBV gene expres-
sion inhibitors, further preclinical work is warranted

to better understand potential differences between the
siRNA and ASO platforms.
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