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Abstract

Background and Objective VIR-2218 is an investigational N-acetylgalactosamine—conjugated RNA interference therapeutic
in development for chronic hepatitis B virus (HBV) infection. VIR-2218 was designed to silence HBV transcripts across all
genotypes and uses Enhanced Stabilization Chemistry Plus (ESC+) technology.

This study was designed to evaluate the single-dose pharmacokinetics of VIR-2218 in preclinical species and healthy
volunteers.

Methods Preclinically, a single subcutaneous dose of VIR-2218 (10 mg/kg) was administered to rats and nonhuman primates
(NHPs), and the pharmacokinetics were assessed in plasma, urine, and liver using standard noncompartmental analysis (NCA)
methods. Clinically, healthy volunteers were randomized (6:2 active:placebo) to receive a single subcutaneous dose of VIR-
2218 (50-900 mg) or placebo. Pharmacokinetics were similarly assessed within human plasma and urine using NCA methods.
Results In rats and NHPs, VIR-2218 was stable in plasma and was converted to AS(N-1)3’VIR-2218, the most prominent
circulating metabolite, at < 10% plasma exposure compared with parent. VIR-2218 rapidly distributed to the liver, reaching
peak liver concentrations within 7 and 24 h in rats and NHPs, respectively. In humans, VIR-2218 was rapidly absorbed, with
a median time to peak plasma concentration (¢_,,,) of 4-7 h, and had a short median plasma half-life of 2—5 h. Plasma expo-

max.
sures for area under the plasma concentration—time curve up to 12 h (AUC,_;,) and mean maximum concentrations (C,

)
max.
increased in a slightly greater-than-dose-proportional manner across the dose range studied. Interindividual pharmacokinetic
variability was low to moderate, with a percent coefficient of variation of < 32% for AUC and < 43% for C,,,,. A portion of
VIR-2218 was converted to an active metabolite, AS(N-1)3’VIR-2218, with a median #,,, of 6-10 h, both of which declined
below the lower limit of quantification in plasma within 48 h. The pharmacokinetic profile of AS(N-1)3’VIR-2218 was similar
to that of VIR-2218, with plasma AUC,_,, and C,,,, values < 12% of VIR-2218. VIR-2218 and AS(N-1)3"VIR-2218 were
detectable in urine through the last measured time point, with approximately 17-48% of the administered dose recovered in
urine as unchanged VIR-2218 over 0-24 h postdose. Based on pharmacokinetics in preclinical species, VIR-2218 localizes
to the liver and likely exhibits prolonged hepatic exposure. Overall, no severe or serious adverse events or discontinuations
due to adverse events were observed within the dose range evaluated for VIR-2218 in healthy volunteers (Vir Biotechnol-
ogy, Inc., unpublished data).

Conclusions VIR-2218 showed favorable pharmacokinetics in healthy volunteers supportive of subcutaneous dosing and
continued development in patients with chronic HBV infection.

Clinical Trial Registration No NCT03672188, September 14, 2018.
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VIR-2218 is an investigational Enhanced Stabilization

Chemistry Plus (ESC+) liver-directed RNA interference
(RNAI) therapeutic for the treatment of chronic hepatitis
B virus (HBV) infection that targets all HBV transcripts.

This study describes the favorable plasma and urine
pharmacokinetics of VIR-2218 in healthy volunteers,
supportive of subcutaneous dosing and ongoing develop-
ment.

Prolonged urine collection and analysis provided the first
direct pharmacokinetics-based evidence of prolonged
exposure for an RNAi therapeutic in healthy volunteers.

1 Introduction

Chronic hepatitis B virus (HBV) infection remains an impor-
tant global health issue that leads to serious sequalae over
time, including cirrhosis, liver failure, and hepatocellular
carcinoma [1]. An estimated 257 million people are living
with chronic HBV infection worldwide, and approximately
887,000 die from disease-associated complications annu-
ally [2, 3]. Despite an available HBV vaccine, perinatal
transmission among HBV-infected mothers contributes to
the persistence of this virus in the high endemic regions of
subsaharan Africa and western Pacific regions [4]. Human
HBYV is a DNA virus in the Hepadnaviridae family with ten
HBYV genotypes (A to J) that infects, replicates, and persists
in human hepatocytes [5, 6]. Current treatment options for
chronic HBV infection are limited. The current standard
of care for most patients is long-term monotherapy with
an HBV polymerase nucleos(t)ide inhibitor (NUC) [7].
Although NUCs suppress viral replication, they do not lead
to a functional cure (i.e., loss of hepatitis B surface antigen
[HBsAg] in the blood) [8]. An alternative treatment option
is a 1-year course of pegylated interferon-a that results in a
functional cure in < 10% of patients and is poorly tolerated
in the context of the approved 48-week dosing regimen [9].
Given the limitations of current therapies for chronic HBV
infection, new treatment modalities that are curative and
well-tolerated are needed.

Small interfering ribonucleic acids (siRNA) are a new
class of medicines that use the endogenous RNA interfer-
ence (RNAi) machinery to degrade target messenger RNA
(mRNA) transcripts. Generally, synthetic siRNAs are dou-
ble-stranded oligonucleotides of 19-25 base pairs arranged
in a staggered duplex with a 2—4 nucleotide overhang at one
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or both of the 3’ ends that can be designed to target spe-
cific endogenous mRNA molecules. Once inside the cell,
the guide (or antisense) strand of the siRNA is incorporated
into the RNA-induced silencing complex and binds to its
complementary mRNA sequence, directing the enzyme
complex to cleave the target mRNA, resulting in reduced
protein expression [10, 11].

Unmodified siRNAs are very labile, resulting in rapid
degradation, and hence do not achieve appreciable tissue dis-
tribution upon systemic administration [12]. However, recent
advances in the delivery and metabolic stability of siRNA
molecules have improved their pharmacokinetics and bio-
availability. For example, chemical alterations to the siRNA
that improved its molecular stability and minimized meta-
bolic lability use Enhanced Stabilization Chemistry (ESC),
including a combination of phosphorothioate, 2'-O-methyl
nucleotide, and 2'-fluoro modifications [13, 14]. RNAi com-
pounds synthesized with these types of modifications have
shown efficient and sustained reductions of target protein,
yielding successful clinical proof of concept in various ther-
apeutic areas [15, 16].

VIR-2218 is an investigational, N-acetylgalactosamine
(GalNAc)—conjugated, double-stranded RNAi therapeutic
chemically modified using ESC+ that stabilizes the siRNA
in vivo and decreases off-target effects. The GalNAc moi-
ety enables targeted delivery of VIR-2218 into the liver via
uptake by asialoglycoprotein receptors (ASGPR) expressed
primarily and abundantly on the surface of hepatocytes [17].
ASGPR is a high-capacity, highly conserved glycoprotein
transporter whose activity remains robust even in settings in
which ASGPR levels may be reduced (e.g., cirrhosis, hepa-
tocellular carcinoma) [18]. Binding of the GalNAc ligand
to ASGPR leads to receptor-mediated endocytosis of the
ligand-receptor complex, followed by release of the siRNA
in the endosome and subsequent recycling of the receptor to
the cell surface for successive rounds of uptake. VIR-2218
targets the region of the HBV genome that is common to all
viral transcripts; thus, VIR-2218 is designed to silence all
HBYV viral RNAs and is pharmacologically active against
HBYV genotypes A to J. VIR-2218 has the potential to medi-
ate multiple antiviral effects via the degradation of all HBV
transcripts and consequently the reduction of the expression
of all HBV proteins, differentiating it from current NUC
therapy, which inhibits a single viral target to suppress viral
replication but has no significant impact on viral protein
expression.

In preclinical studies, absorption, distribution, metabo-
lism, and excretion of VIR-2218 were evaluated after sin-
gle-dose subcutaneous administration in rats and nonhuman
primates (NHPs). Based on the robust HBsAg reduction (Vir
Biotechnology, Inc., unpublished data) and favorable phar-
macokinetic properties observed in the preclinical studies,
VIR-2218 is being assessed in an ongoing, first-in-human,
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proof-of-concept phase I/II clinical study evaluating the
safety, tolerability, pharmacokinetics, and antiviral activity
of VIR-2218 in healthy volunteers and subjects with chronic
HBYV infection (study VIR-2218-1001; ClinicalTrials.gov
identifier: NCT03672188). Here, we report the plasma and
urine pharmacokinetics of VIR-2218 and the primary circu-
lating metabolite after a single subcutaneous dose of VIR-
2218 in healthy volunteers from the first-in-human, phase I
portion of the study.

2 Methods
2.1 Study Design

This portion of the study was a phase I, randomized, dou-
ble-blind, placebo-controlled, single-ascending-dose study
in healthy volunteers enrolled at a study site in New Zea-
land. The study was sponsored by Vir Biotechnology, Inc.
and Alnylam Pharmaceuticals, Inc. and approved by central
and local institutional review boards or ethics committees
according to the International Conference on Harmonization
for Good Clinical Practice, the World Medical Association
Declaration of Helsinki, and the 1996 Health Insurance Port-
ability and Accountability Act. All subjects provided written
informed consent. The primary objective of the study was to
evaluate the safety and tolerability of single doses of VIR-
2218, and the secondary objective was to characterize its
plasma and urine pharmacokinetics. Selection of doses was
based on safety margins calculated from in vivo nonclinical
studies in rats and NHPs (Vir Biotechnology, Inc., unpub-
lished data). Within each cohort, subjects were randomized
6:2 (N = 8 per cohort) to receive a single ascending dose
of subcutaneous VIR-2218 or placebo (50, 100, 200, 400,
600, and 900 mg; Fig. 1). Dose escalation proceeded after

evaluation of the safety and tolerability data obtained from
the preceding cohort.

2.2 Study Population

Healthy men and women (aged 18-55 years) with a body
mass index (BMI) of 18.0 to < 32 kg/m2, normal creatinine
clearance (> 90 mL/min; Cockcroft—Gault), and no clini-
cally significant medical conditions were enrolled. Subjects
were excluded if their liver function test results were outside
the normal range.

2.3 Pharmacokinetic Assessments
2.3.1 Preclinical Studies

Plasma pharmacokinetic samples were evaluated in rats
and NHPs for VIR-2218 as well as metabolite, AS(N-
1)3’VIR-2218, for subsequent pharmacokinetic analysis
after a single subcutaneous dose of 10 mg/kg. In rats, blood
samples were collected at 1, 3, 7, 24, 72, 168, 336, 504,
672, 840, and 1008 h postdose for subcutaneous admin-
istration. In NHPs, blood samples were collected at 0.25,
0.5, 1,2, 4,8, 24, 48, 96, 168, 336, and 504 h postdose for
subcutaneous administration. Liver tissue samples and urine
were also collected for quantitation of VIR-2218 and AS(N-
1)3’VIR-2218 for subsequent pharmacokinetic analysis.

2.3.2 Healthy Volunteers

Intensive plasma and urine pharmacokinetic samples were
collected for 1 week after administration. Serial samples of
plasma were collected 15 min before dosing and at 30 min;
at1,2,4,6,8, 10, 12, 24, and 48 h; and at 1 week postdose
(Fig. 1). Pooled urine samples were collected over 24 h at
0-4, 4-8, 8—12, and 12-24 h, and single void samples were

VIR-2218 100 mg SC 200 mg SC 400 mg SC 600 mg SC
n=6 n=6 n=6 n=6
Placebo [ n=2 ][ n=2 J[ n=2 [ n=2 ][ n=2 ][ n=2 ]
Dosing
.l 0O ® L L L o/ — O/ — @/ —@®
Plasma Hours Pre- 0.51 2 4 6 8 10 12 24 48 168
Sample dose (1 week)
Collection | \ I\ | PK Analyses
Y I Y \
Urine Hours 04 4-8 8-12 12-24 48 168
(1 week)

Pooled Samples

Fig.1 Study design for VIR-2218 administration in healthy vol-
unteers. Phase I randomized, double-blind, placebo-controlled,
single-ascending-dose study in healthy adults who received a single

ascending dose of subcutaneous VIR-2218 or placebo. PK, pharma-
cokinetic; SC, subcutaneous
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also collected at 48 h and 1-week postdose (Fig. 1). All sam-
ples were stored at — 70 °C or below until analysis.

2.3.3 Drug Concentration Assays

Concentrations of VIR-2218 and AS(N-1)3’VIR-2218 in
rat and NHP plasma and in human plasma and urine were
measured using validated high-performance liquid chroma-
tography time-of-flight mass spectroscopy (LC-TOF-MS)
assays with lower limit of quantitation (LLOQ) of 10 ng/
mL in plasma and urine. The LC-TOF-MS methods spe-
cifically quantified VIR-2218, the full length of the duplex
(antisense and sense strands), and A-312327, the single anti-
sense strand of the duplex metabolite AS(N-1)3’VIR-2218,
simultaneously. For both plasma and urine, the linear range
was 10-10,000 ng/ml (for both VIR-2218 and AS(N-
1)3’VIR-2218). For plasma, the analytical quality control
(QQC) intra-run precision range (% coefficient of variation
[CV]) was 3.1-13.8 for VIR-2218 antisense A-163728,
2.5-19.3 for VIR-2218 sense A-133656, and 2.6—-13.8 for
AS(N-1)3’VIR-2218. The analytical QC inter-run precision
range (%CV) was 5.6-13.3 for antisense A-163728, 5.8-15.7
for sense A-133656, and 7.7-14.0 for AS(N-1)3’VIR-2218.
Plasma extraction recovery was 60.4% for VIR-2218 anti-
sense A-163728, 58.5% for VIR-2218 sense A-133656,
and 91.4% for AS(N-1)3’VIR-2218. For urine, the analyti-
cal QC intra-run precision range (%CV) was 1.5-8.2 for
VIR-2218 antisense A-163728, 1.0-9.5 for VIR-2218 sense
A-133656, and 1.9-12.6 for AS(N-1)3’VIR-2218. The ana-
lytical QC inter-run precision range (%CV) was 2.2—6.7 for
VIR-2218 antisense A-163728, 4.0-7.9 for VIR-2218 sense
A-133656, and 2.8-9.7 for AS(N-1)3’VIR-2218. Urine
extraction recovery was 98.3% for VIR-2218 antisense
A-163728, 94.2% for VIR-2218 sense A-133656, and 90.5%
for AS(N-1)3’VIR-2218.

Concentrations of VIR-2218 and AS(N-1)3’VIR-2218 in
rat and monkey urine and liver were measured with simi-
lar qualified LC-TOF-MS assays. The LLOQ for the urine
assays was 20 ng/mL, and the LLOQ for the liver assays
was 200 ng/g.

2.4 Pharmacokinetic and Statistical Analyses

In preclinical studies, noncompartmental pharmacokinetic
parameter estimates were determined from mean concen-
tration—time data using Phoenix® WinNonlin®, version 7.0
(Certara USA, Inc; Princeton, NJ, USA). In clinical studies,
pharmacokinetic parameters were estimated using standard
noncompartmental methods in WinNonlin®, V8.2.0 (Cert-
ara USA, Inc; Princeton, NJ, USA). Pharmacokinetic param-
eters were assessed in subjects who received VIR-2218 and
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had at least one postdose blood sample contributing to evalu-
able pharmacokinetic data.

The maximum plasma concentration (C,,,,) and time

to reach C,,, (#,,.x) were assessed and observed from the
plasma concentration—time data. Calculated pharmacoki-
netic parameters included area under the plasma concentra-
tion—time curve from time zero to time of the last measurable
concentration (AUC,). To estimate the apparent first-order
terminal elimination rate constant, Az linear regression of
concentration in natural logarithmic scale versus time was
performed using at least three data points. The linear trap-
ezoidal method was used in the computation of all AUC
values, including AUC,, typically up to 12 or 24 h for all
subjects. The following pharmacokinetic parameters were
presented only for subjects who exhibited a Az in their con-
centration versus time profiles: half-life (z,,), AUC extrapo-
lated to infinity (AUC,,), apparent plasma clearance (CL/F),
and apparent volume of distribution (V,/F). Subjects with
AUC% extrapolation (AUC% extrap) > 20% were excluded
from the calculation of all elimination-related parameters
(Az, AUC, t,,, CL/F, and V,/F) from the summary statis-
tics. For urine pharmacokinetics, the cuamulative amount of
drug excreted in urine (Ae) and the fraction eliminated (f,),
calculated as Ae/dose, were reported. Because pooled urine
pharmacokinetic samples were collected up to 24 h in all
subjects, renal clearance (CLy), determined by the ratio of
Ae/plasma AUC, ,,, was reported.
The C,,,, and AUC of VIR-2218 and AS(N-1)3’VIR-2218
for each cohort were evaluated using a power model for dose
proportionality. The power model is described as log(y) =
log (By) + B, X log (dose),, where y, f,, and 3, correspond to
the pharmacokinetic variable, proportionality constant, and
exponent, respectively. The exponent /5 in the power model
was estimated by regressing the natural log-transformed
pharmacokinetic variable on the natural log-transformed
dose. Dose proportionality is implied if the 90% confidence
interval (CI) for j3, falls between 0.7 and 1.43 [19].

3 Results

3.1 Pharmacokinetics of VIR-2218 in Preclinical
Studies

In preclinical studies, pharmacokinetic parameters of VIR-
2218 were evaluated after administration of a single sub-
cutaneous dose of 10 mg/kg in rats and NHPs (Table 1
in electronic supplementary material [ESM]-1). Metabo-
lite profiling studies identified a 3’ (N-1) antisense strand
metabolite of VIR-2218, AS(N-1)3’VIR-2218, as the pri-
mary metabolite of VIR-2218 across plasma, urine, and liver
samples in preclinical studies. AS(N-1)3’VIR-2218, formed
by the loss of one nucleotide from the 3’ end of the antisense
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strand of VIR-2218, is expected to have similar potency to
VIR-2218 based on evidence from other GalNAc siRNAs
with AS(N-1)3’ metabolite [20].

After a single subcutaneous dose in male rats, VIR-2218
was rapidly absorbed and eliminated from plasma with a
mean f,,, of 1.0 h and a 1, of 6.7 h (Table 2 in ESM-1)
with metabolite AS(N-1)3’VIR-2218 below LLOQ. Simi-
larly, plasma absorption and elimination were also rapid
after subcutaneous administration in NHPs (¢, 2.6 h; 1,
2.9 h; Table 2 in ESM-1) with AS(N-1)3’VIR-2218 detected
at low levels. VIR-2218 primarily distributed to the liver
with much higher exposures than in plasma in both rats and
NHPs (Table 1; Table 2 in ESM-1). The ¢, in the liver was
significantly longer (93.1 and 160.0 h in rats and NHPs,
respectively; Table 1) than that in plasma (6.7 and 2.9 h in
rats and NHPs, respectively; Table 2 in ESM-1). Similar to
VIR-2218, higher concentrations of AS(N-1)3’VIR-2218
were observed in the liver than in plasma, with the phar-
macokinetic profile mirroring that of the parent compound
(Table 1; Table 2 in ESM-1).

In both rats and NHPs, hepatic metabolism was the pri-
mary route of elimination, and renal elimination was a
minor route of clearance. The mean percentages of intact
VIR-2218 detected in the urine were 11 and 10% of the
total single subcutaneous dose in rats and NHPs, respec-
tively, with the majority eliminated in the first 24 h. Only
trace amounts of VIR-2218 were observed in urine sam-
ples collected over 24—168 h postdose. Overall, the favora-
ble pharmacokinetic properties observed in the preclinical
studies with the majority of the dose distributed to the
liver support subcutaneous administration of VIR-2218
in human subjects.

3.2 VIR-2218 Phase I Clinical Study Population

A total of 49 healthy volunteers were enrolled and dosed
in the study. One replacement subject was enrolled in the
treatment group receiving 400 mg because the original
subject withdrew consent. The baseline demographics
across treatment arms were generally similar (Table 2).
Among subjects receiving VIR-2218, 70% were women

Table 1 Mean liver

C Parameter Rat NHP
pharmacokinetic parameters
of VIR-2218 and AS(N- VIR-2218 AS (N-1)3’VIR-2218 VIR-2218 AS (N-1)3’VIR-2218
1)3’VIR-2218 after a single
subcutaneous dose (10 mg/kg) Tnaxe 1 7.0 24.0 24.0 72.0
in rats and nonhuman primates C s ME/E 97.0 45.9 135.0 51.5
AUC,,, h*ug/g 6610 9910 37,200 28,600
fy,, h 93.1 147.0 160.0 806.5

AUC,,, area under curve from time of dosing to last measurable time point; C,,

2 Maximum concentra-

tion; NHP, nonhuman primates; 1,,, half-life; 7., time to C,,,
Table 2 Demographics of Characteristic VIR-2218 Placebo
healthy volunteers receiving n=12
single ascending doses of VIR- 50 mg 100mg 200mg 400mg 600mg 900mg Overall
2218 n==6 n==6 n==6 n="7>" n=6 n==6 n=237
Age,y 25+3 23+4 27+4 24+4 29+6 33+£10 27+6 27x7
Male sex 0 2 (33) 3(50) 0 3(50) 3 (50) 11(30) 7(58)
Weight, kg 62+12 63+7 75+£5 6510 72+8 72+12 68+10 76x10
BMI, kg/m? 23+5 23+£3  24+2 25+4 26x1 26+x4 25+3 24+2
Race
Asian 2 (33) 3 (50) 0 0 2 (33) 1(17) 8(22) 1(8)
White 2 (33) 2 (33) 5(83) 51 3(50) 3(50) 20(54) 8(67)
Native Hawaiian 1(17) 1(17) 0 1(14) 0 0 3(8) 2(17)
or other Pacific
Islander
Other 1(17) 0 1(17) 1(14) 1(17) 2 (33) 6 (16) 1(8)

Data are presented as mean + standard deviation or n (%) unless otherwise indicated

BMI body mass index

“Includes replacement subject
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with a mean age of 27 years and a mean BMI of 25 kg/
m?, whereas 42% of the subjects receiving placebo were
women with a mean age of 27 years and a mean BMI of
24 kg/m?.

3.3 Pharmacokinetics of VIR-2218
and AS(N-1)3’VIR-2218 in Healthy Volunteers

3.3.1 Plasma Pharmacokinetics

The VIR-2218 plasma concentration profiles indicate rapid
absorption and elimination from the systemic circulation,
with plasma concentrations declining below LLOQ beyond
48 h in any subject (Fig. 2), which is consistent with rapid
GalNAc-mediated uptake into the liver [15, 16, 21]. The
plasma pharmacokinetic profile of AS(N-1)3’VIR-2218
mirrored that of VIR-2218. AS(N-1)3’VIR-2218 was quan-
tifiable only at doses > 100 mg and was not quantifiable in
plasma beyond 12 h for most subjects (27 of 35) and beyond
24 h in any subject (Fig. 2b). The median ¢, of VIR-2218
occurred between 4 and 7 h, and the median ¢,,, of AS(N-
1)3’VIR-2218 occurred between 6 and 10 h (Table 3). The
median #,, of VIR-2218 was approximately 2—-5 h. Systemic
exposures of VIR-2218 were characterized by low-to-mod-
erate interindividual variability (%CV was < 32% for AUC,
< 43% for C,,,).

Because both VIR-2218 and AS(N-1)3’VIR-2218 were
detectable up to 12 h in most subjects, the mean + standard
deviation of the AUC,_;, was used for comparison across
VIR-2218 and metabolite as well as across dosing cohorts.
The metabolite to parent ratio (MR) for C,,, and AUC,_,
was < 12% in the evaluated dose range of 100-900 mg.
Because of the low concentrations and short half-life of
AS(N-1)3’VIR-2218 in plasma and the pharmacokinetic
sampling schedule limitations, Az was not calculable; there-
fore, values of the associated parameters (t,,, AUC_, CL/F,
and apparent V,/F) were not reported.

Fig.2 Plasma concentration
vs. time profiles for VIR-2218
and AS(N-1)3’VIR-2218 after
a single subcutaneous dose in
healthy volunteers. For plot-
ting purposes, BLQ values in
subjects were included as 0.
Subjects with all BLQ values
were excluded. BLQ, below
limit of quantitation; SD, stand-
ard deviation

VIR-2218

10,0004

1,000 41 T
i

Mean [ng/mL] (SD)
<]
o

=)

3.3.2 Dose Proportionality

VIR-2218 plasma exposures (AUC, |, AUC,, and C,,)
increased with dose. The estimated slope (f) or propor-
tionality coefficients were 1.19 (90% CI 1.10-1.28), 1.24
(90% CI 1.16-1.31), and 1.16 (90% CI 1.06-1.26) for AUC
o012, AUC, and C,,,, respectively (Fig. 3a—c), indicating a
slightly greater-than-dose-proportional increase in plasma
exposures across the studied dose range of 50-900 mg. A
similar trend was observed with the active metabolite AS(N-
1)3’VIR-2218 (data not shown).

3.3.3 Urine Pharmacokinetics

Concentrations of VIR-2218 and AS(N-1)3’VIR-2218 were
detected in urine through the last measured time point at 1
week post dose in all cohorts. The pharmacokinetic profile
of VIR-2218 and AS(N-1)3’VIR-2218 in urine mirrored that
in plasma up to 48 h.

The urine pharmacokinetic parameters after single sub-
cutaneous doses of VIR-2218 are shown in Table 4. Over
the initial 24-h period, approximately 17-48 and 2-7% of
the administered dose (50-900 mg) was excreted in urine as
unchanged VIR-2218 and AS(N-1)3’VIR-2218, respectively,
with the majority of the drug excreted within the first 12 h.
The fraction of VIR-2218 excreted in urine over 24 h post
dose increased with dose level (Fig. 4). At doses up to 600
mg, 19-36% of parent and metabolite was excreted in urine
within 24 h postdose, whereas that proportion increased
to 55% at a dose of 900 mg. The mean CLy of VIR-2218
ranged from 5.13 to 7.47 L/h (mean 6.5 L/h; Table 4), and
the mean CL/F ranged from 15 to 34 L/h (Table 3). The
fraction of renal clearance to total clearance (CLy/CL/F)
ranged from 17.3 to 48.8% in the dose range of 50-900 mg
after single subcutaneous injection.

AS(N-1)3'VIR-2218

900 mg 10,000 900 mg
-+ 600 mg -+ 600 mg
-+ 400 mg
-~ 200 mg
1,000 = 100 mg
50 mg

Mean [ng/mL] (SD)
<]
o

0 4 8
Time, h
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Table 3 Plasma pharmacokinetic parameters for VIR-2218 and AS(N-1)3’VIR-2218 after single subcutaneous dose in healthy volunteers

Parameter 50 mg 100 mg 200 mg 400 mg 600 mg 900 mg
n==6 n=>5% n==6 n=6 n==6 n==6
VIR-2218
AUC 5, hng/mL 1200 (25.1) 3230 (32.7) 5470 (28.0) 18,100 (24.2) 17,500 (30.8) 44,100 (17.9)
AUC,,, h ng/mL 1270 (21.2) 3740 (31.8) 6630 (17.6) 23,500 (11.5) 27,900 (27.0) 58,800 (15.4)
AUC_, h ng/mL 1480 (8.0) 4730 (19.2) 6600 (13.6)° 24,000 (10.2) 29,600 (28.5) 60,000 (14.9)
Caxo NZ/mML 155 (42.1) 355(32.9) 711 (29.2) 2110 (34.3) 1830 (33.5) 5010 (12.6)
fnaxs 1 4.25(1.17,4.25) 4.32(4.25;6.17) 5.21 (4.25; 6.18) 7.21(4.25;8.25) 7.21(6.17,10.2)  4.25 (4.25;8.25)
Basp D 12.3(12.3;12.3)  12.3(12.3; 24.3) 24.3 (24.3;24.3) 24.3(24.3;24.3)  24.3(24.3;48) 24.3 (24.3; 48)
ty, h 2.45(2.35;3.26)  3.64 (3.49;4.95) 438 (4.22;6.11)° 3.54(249;5.51) 528(5.12;5.62) 4.55(3.25;4.69)
CL/F, L/h 34.0 (7.5) 21.8 (19.6) 30.8 (14.6) 16.8 (10.5) 21.9 (31.6) 15.3 (13.6)
V,/F,L 155 (44.9) 132 (30.9) 223 (34.0) 104 (60.4) 176 (34.5) 92.9 (26.5)
AS(N-1)3"VIR-2218
AUC 5, hng/mL  BLQ NC 513 (27.2) 2110 (38.1) 1580 (52.4) 4440 (23.3)
AUC,,,, h ng/mL BLQ 208 (91.5)¢ 481 (31.0) 2530 (24.2) 2680 (54.6) 6430 (23.3)
Caxo Ng/mL BLQ 40.5 (48.2)¢ 62.4 (28.2) 259.0 (44.0) 177.0 (55.9) 514.0 (20.6)
Fnaxs D NC 6.17 (4.25;6.17)%  6.17 (4.25; 6.18) 9.21 (4.25;10.2) 10.2(8.25;10.2)  8.25(4.25;10.2)
Fases 11 NC 8.3 (4.25; 10.2)¢ 12.3(10.2; 12.3) 18.3(12.3;24.3) 243 (24.3;24.3) 24.3(24.3;24.3)
MR
MR nax NC 0.0892¢ 0.0886 0.121 0.0918 0.102
MR, ycoin NC NC 0.0891¢ 0.114 0.0851 0.100

Time parameters are expressed as median (Q1; Q3); all other data are arithmetic mean (%CV). When n < 3, the CV is not presented. Because of
short VIR-2218 #,, and pharmacokinetic sampling schedule limitations, the terminal phase was not adequately characterized for the metabolite;
therefore, apparent clearance and t,, are not reported

AUC, area under the plasma concentration—time curve; AUC,,_;,, AUC from time 0 to 12 h; AUC_,, AUC extrapolated to infinity; AUC,,,;, AUC

from time of dosing to last measurable time point; BLQ, below limit of quantitation; CL/F, apparent plasma clearance; C,
tration; CV, coefficient of variation; MR, metabolite to parent ratio; NC, not calculable; Q, quartile; #,,, half-life; 7, last measurable time; ¢,

time to C,,,; V,/F, apparent volume of distribution

max;
“Excludes one subject who received a partial dose
“Includes pharmacokinetics from one replacement subject
“Measurable in five of six subjects

9Measurable in three of six subjects

4 Discussion

VIR-2218 is an ESC+ GalNAc-siRNA conjugate in
development for the treatment of chronic HBV infection.
VIR-2218 is designed to target and downregulate all HBV
transcripts to reduce viral antigens driving chronic HBV
infection, offering a potential curative treatment option.
The purpose of this report was to characterize the single-
dose pharmacokinetics of VIR-2218 in rats, NHPs, and
healthy volunteers. VIR-2218 was absorbed after subcu-
taneous administration and detectable as early as 30 min-
utes post dose, with maximum concentrations reached by
4-7 h post dose. VIR-2218 was converted to its metabolite
AS(N-1)3’VIR-2218, and metabolite concentrations were
~tenfold lower than the parent. The short plasma half-life
of VIR-2218 and AS(N-1)3’VIR-2218 is attributable to the
rapid and specific ASGPR-mediated uptake into the liver
[13, 14]. VIR-2218 is expected to be stable in plasma as

maximum concen-

max?

max?®

ESC+ modifications reduce its susceptibility to nuclease-
mediated cleavage and enhance its stability in the systemic
circulation. Similarly, in vitro studies of GaINAc—siRNA
conjugates showed robust uptake into hepatocytes with
minimal degradation after 24 h of incubation [13, 14]. The
effect of VIR-2218 on HBsAg reduction is expected to be
durable because of its enhanced metabolic stability, selec-
tive uptake into the liver, and potential long residence time
in hepatocytes.

In preclinical studies in rats and NHPs, VIR-2218 was
stable in plasma and was similarly metabolized to AS(N-
1)3°VIR-2218, which was the most prominent circulating
metabolite and < 10% of the full-length antisense strand
exposure. After administration of a single subcutaneous
dose of 10 mg/kg, VIR-2218 rapidly distributed to the
liver, reaching peak liver concentrations within 7 and 24
h in rats and NHPs, respectively. VIR-2218 and AS(N-
1)3’VIR-2218 exhibited much higher exposures and longer
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Fig.3 Plasma VIR-2218 dose proportionality from 50 to 900 mg
after single subcutaneous VIR-2218 administration. VIR-2218 dose
vs. a AUCy 5, b AUCc0, and ¢ C_,, on a logarithmic scale. The
estimated slope () or proportionality coefficients were 1.19 (90% CI
1.10-1.28), 1.24 (90% CI 1.16-1.31), and 1.16 (90% CI 1.06-1.26)
for AUC,_;,, AUC, and C, respectively. Crosses denote indi-

0? max?

vidual pharmacokinetic parameters, and the estimated slope is the
proportionality coefficient. The shaded area represents the 90% Cls
around the regression line. AUC,, ,,;, area under the plasma concen-
tration—time curve from time O to 12 h; AUC_, AUC extrapolated to
infinity; CI, confidence interval; C, maximum concentration; PK,
pharmacokinetics

max?>

Table 4 Urine pharmacokinetic parameters for VIR-2218 and AS(N-1)3’VIR-2218 over 24 h postdose

Pharmacokinetic parameter 50 mg 100 mg 200 mg 400 mg 600 mg 900 mg
n==6 n=>5% n==6 n=6 n==6 n==6
VIR-2218
Plasma AUC, 4, h-ng/mL 1460 (9.5)° 4530 (19.7)¢ 6290 (14.6) 23,100 (14.0) 26,800 (29.4) 57,800 (15.8)
CLy/F,L/h 5.87 (12.4) 5.22 (24.3) 7.00 (9.4) 5.13 (16.6) 7.22 (20.5) 7.47 (17.9)
Urine feg ., % 16.9 (18.8) 21.7 (28.6) 23.2 (18.7) 29.5 (19.4) 32.3(36.4) 47.6 (18.0)
AS(N-1)3’VIR-2218
Urine feg o4, % 1.94 (24.8) 4.16 (54.9) 3.31(19.8) 4.99 (14.8) 4.12 (56.2) 6.96 (21.2)

All pharmacokinetic parameters are expressed as arithmetic mean (% coefficient of variation)

AUC, o, area under curve from time 0-24 h; CLy/F, apparent renal clearance from 0-24 h; f,_,4, fraction excreted from time O to 24 h

#Excludes one subject who received a partial dose
®Includes pharmacokinetics from the replacement subject

°AUC,, is extrapolated

residence times in the liver than in plasma in both rats
and NHPs, which is consistent with efficient ASGPR-
mediated uptake into hepatocytes and similar to other Gal-
NAc—siRNA conjugates [15, 16, 21]. Prolonged residence
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of VIR-2218 within hepatocytes was further evidenced by
an extended mean liver #,, of 93.1 h in rats and 160.0 h
in NHPs. Renal excretion of VIR-2218 was 11% of the
administered dose in rats and approximately 10% in NHPs.
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Fig.4 Urine concentration vs. time profiles for VIR-2218 and AS(N-1)3’VIR-2218. For plotting purposes, the BLQ value in subjects was
included as 0. Subjects with all BLQ values were excluded. BLQ, below limit of quantitation; SD, standard deviation

These data suggest that, in both rats and NHPs, uptake by
the liver and subsequent metabolism is the primary route
of systemic clearance. Thus, the subsequent high liver con-
centration and long residence time of VIR-2218 in liver
are expected to confer extended pharmacodynamic effects.

In healthy volunteers in the VIR-2218 phase I clinical
study, after administration of VIR-2218 doses up to 600
mg, renal excretion was a minor route of VIR-2218 elimi-
nation, with 19-36% of parent and metabolite excreted in
urine within 24 h postdose, whereas the majority of the drug
localized to the liver with ASGPR-mediated uptake. A dif-
ferent excretion profile was observed at the dose of 900 mg,
with 55% of parent and metabolite excreted in urine within
24 h. The fraction of unchanged VIR-2218 excreted in urine
increased with dose, consistent with slightly greater than
dose-proportional increases in plasma exposures at the 900-
mg dose and suggestive of transient saturation of ASGPR
at high doses [15]. Efficient liver targeting and uptake was
shown with a preclinical study in rats that found that > 77%
of subcutaneous GalNAc—siRNA conjugate was localized
in the liver [13]. Furthermore, results from in vitro studies
using freshly isolated primary hepatocytes showed that Gal-
NAc—siRNA conjugates were robustly taken up into hepato-
cytes [14]. The clinical pharmacokinetics of VIR-2218 are
consistent with those of GalNAc—conjugated siRNAs, sug-
gesting high liver exposure and prolonged residence within
the liver, which secondarily is anticipated to yield a sus-
tained systemic pharmacodynamic effect.

Consistent with rapid GalNAc-mediated liver uptake,
VIR-2218 was short lived in plasma in healthy volunteers,
with a median #,, of 2-5 h post administration and plasma
concentrations below the level of quantitation beyond 48
hours in all subjects. The short half-life of VIR-2218 and
the expected limitations of the pharmacokinetic sampling
schedule and pharmacokinetic assay sensitivity could lead
to bias in the estimation of the terminal phase, t,,, and CL/F
of VIR-2218 and metabolite.

The pharmacokinetic/pharmacodynamic (PK/PD)
properties of other investigational GalNAc—conjugated
RNA therapeutics support the potential for a prolonged
pharmacodynamic effect with VIR-2218. For instance, a
single subcutaneous dose of vutrisiran, under develop-
ment for transthyretin-mediated amyloidosis, resulted in
robust reduction of transthyretin in healthy volunteers and
was maintained for months [16]. Similarly, cemdisiran,
an RNA therapeutic for the treatment of complement-
mediated diseases, showed robust target suppression
(complement 5 protein) persisting up to 13 months after
a single subcutaneous dose [21]. Thus, the potential pro-
longed presence of VIR-2218 in hepatocytes is expected
to bring about long-lasting inhibition of secretion of HBV
virions and production of subviral HBV particles, leading
to enduring pharmacodynamic effects on the reduction of
HBsAg. This has been demonstrated for GalNAc—siRNA
conjugates in preclinical studies, showing a strong cor-
relation between total siRNA levels in liver and silencing
activity [13].

In preclinical species, VIR-2218 plasma concentra-
tions did not directly correlate with efficacy (HBsAg
decline) because HBsAg continued to decline even after
VIR-2218 was undetectable in plasma (Vir Biotechnol-
ogy, Inc., unpublished data). This was further illustrated
by the differences in plasma versus liver t,, of VIR-2218:
the drug was still efficacious long after its disappearance
from plasma. As a result, the decline of HBsAg follow-
ing multiple doses of VIR-2218 is being assessed in cur-
rent clinical studies to determine the relationship between
HBsAg decline, dose, and duration of VIR-2218 in sub-
jects with HBV and will be used to develop a clinical PK/
PD model to guide clinical dosing regimens of VIR-2218
in future studies.

Favorable plasma and urine pharmacokinetic pro-
files and the potential prolonged liver localization of
VIR-2218 in humans are consistent with those of other
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GalNAc—siRNA conjugates and support continued clini-
cal development of VIR-2218. Furthermore, no severe or
serious adverse events or discontinuations due to adverse
events were observed within the dose range evaluated for
VIR-2218 in healthy volunteers. The safety data for VIR-
2218 will be described in a separate publication (Vir Bio-
technology, Inc., unpublished data). Overall, these results
support the continued therapeutic development of VIR-
2218 as a potential backbone for a finite treatment regimen
aimed at a functional cure for chronic HBV infection.

5 Conclusions

VIR-2218 was rapidly absorbed and eliminated from the sys-
temic circulation after subcutaneous dosing, with VIR-2218
and its primary metabolite AS(N-1)3’VIR-2218 undetect-
able in plasma after 48 and 24 h, respectively, attributable
to rapid GalNAc-mediated uptake into the liver. Based on
the prolonged presence of VIR-2218 in the urine of healthy
volunteers and the tissue pharmacokinetics in preclinical
species, VIR-2218 was targeted to liver via the ASGPR
receptor and exhibited extended exposure in the target tissue,
consistent with PK/PD properties of other GaINAc—conju-
gated siRNA molecules. At single doses up to 600 mg, renal
clearance was a minor route of VIR-2218 elimination. The
favorable pharmacokinetic results and safety profile sup-
port continued evaluation and therapeutic development of
VIR-2218 for subcutaneous administration in chronic HBV
infection.
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