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*ICON plc, Salt Lake City, Utah, USA Intravenous remdesivir (RDV) is US Food and Drug Administration-approved
for hospitalized and nonhospitalized individuals with coronavirus disease 2019.
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orrespone . . RDV undergoes intracellular metabolic activation to form the active triphosphate,
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333 Lakeside Dr., Foster City, CA 94404, GS-443902, and other metabolites. Alternative administration routes, including
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localized pulmonary delivery, can lower systemic exposure and maximize expo-
Email: rita.humeniuk@gilead.com . i i L
sure at the site of action. This study evaluated the pharmacokinetics (PK) and
safety of inhaled RDV in healthy adults. This phase Ia, randomized, placebo-
controlled study evaluated inhaled RDV in healthy participants randomized 4:1
to receive RDV or placebo as single doses (4 cohorts) or multiple once-daily doses
(3 cohorts). Doses in cohorts 1-6 were administered as an aerosolized solution
for inhalation through a sealed facemask; doses in cohort 7 were administered
as an aerosolized solution for inhalation through a mouthpiece. Safety was as-
sessed throughout the study. Seventy-two participants were enrolled (inhaled
RDV, n=58 and placebo, n=14). Following single RDV doses, RDV, GS-704277,
and GS-441524 plasma PK parameters indicated dose-proportional increases in
area under the concentration-time curve (AUC) extrapolated to infinite time,
AUC from time zero to last quantifiable concentration, and maximum observed
concentration. Analyte plasma concentrations after multiple RDV doses were
consistent with those for single-dose RDV. Analyte plasma exposures were lower
when RDV was administered with a mouthpiece versus a sealed facemask. The
most common adverse events included nausea, dizziness, and cough. Single- and
multiple-dose inhaled RDV exhibited linear and dose-proportional plasma PK.
Administration of RDV via inhalation was generally safe and well-tolerated.
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Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Intravenous remdesivir (RDV) is currently approved by the US Food and Drug
Administration for the treatment of coronavirus disease 2019 (COVID-19) in
hospitalized adult and pediatric patients, as well as nonhospitalized patients
with mild-to-moderate COVID-19 who are at high risk for progression to severe
COVID-19. Identifying viable alternative routes of administration, such as local-
ized inhalation, is important to expand the accessibility of RDV to a broader out-
patient population.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study aimed to evaluate the pharmacokinetics (PK), safety, and tolerability
of single and multiple ascending doses of RDV administered via inhalation to
healthy adult participants.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

RDV administered via inhalation exhibited linear and dose-proportional plasma
PK, with multiple-dose RDV PX results consistent with those of single-dose RDV.
Administration of inhaled RDV was generally safe and well-tolerated.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR TRANS-
LATIONAL SCIENCE?

Administering RDV via inhalation delivers medication directly to the primary

INTRODUCTION

Intravenous (i.v.) remdesivir (RDV) is approved by the
US Food and Drug Administration for the treatment of
coronavirus disease 2019 (COVID-19), which primar-
ily affects the respiratory tract in hospitalized adult and
pediatric patients. RDV is also approved for nonhospital-
ized patients with mild-to-moderate COVID-19 who are at
high risk for progression to severe COVID-19, including
hospitalization or death.' RDV is an adenosine nucleotide
prodrug that undergoes intracellular activation to form
GS-443902, an analog of adenosine triphosphate, which
inhibits viral RNA polymerases, thereby inhibiting viral
replication. GS-443902 can also inhibit viral replication
via incorporation into viral RNA as a result of viral poly-
merase read-through that may occur at higher nucleotide
concentrations.”™ Intracellular activation of RDV in the
pulmonary parenchyma begins with hydrolase cleavage
via carboxylesterases (cathepsin A [CatA] and carboxy-
lesterase 1 [CES1]) to form the intermediate metabolite,
GS-704277.> Subsequently, the phosphoramidate bond
of GS-704277 is cleaved by histidine triad nucleotide-
binding protein 1 (HINT1) to form the nucleoside analog
monophosphate, which is then further phosphorylated
to the pharmacologically active nucleoside triphosphate,
GS-443902. Each of these key enzymes for RDV metabo-
lism (CatA, CES1, and HINT1) are highly expressed in the
human lung.’ Dephosphorylation of the nucleoside analog

site of infection in the respiratory tract, reducing overall systemic exposure.

monophosphate results in the formation of the nucleoside
analog, GS-441524, which is not efficiently rephosphoryl-
ated. RDV and its metabolites (GS-441524 and GS-704277)
are detectable in plasma. The antiviral efficacy of RDV
is determined by the intracellular lung concentration of
the active triphosphate metabolite, GS-443902.°® In cur-
rent clinical studies, peripheral blood mononuclear cells
(PBMCs) are used as a clinical surrogate for pulmonary
parenchyma to assess GS-443902 concentrations.’

In two phase I studies evaluating single and mul-
tiple ascending doses of RDV in healthy participants,
RDV administered via i.v. infusion exhibited dose-
proportional pharmacokinetics (PK). High concentra-
tions of GS-443902 were achieved in PBMCs, following
either a 30-min or a 2-h infusion (220- to 370-fold above
the in vitro half-maximal effective concentration against
severe acute respiratory syndrome coronavirus 2 [SARS-
CoV-2; 9.9nM]).” Following multiple doses of 150mg
RDV once daily across 7 to 14days, the metabolite GS-
441524 accumulated ~1.9-fold and reached steady-state by
day 4 (consistent with a half-life of ~24.5h). Overall, RDV
demonstrated favorable safety and PK profiles supporting
once-daily dosing recommendations.’

As an i.v. infusion, RDV use is limited to certain clini-
cal settings. Identifying viable alternative routes of admin-
istration is important to expand the accessibility of RDV to
a broader nonhospitalized population. Localized pulmo-
nary delivery could also provide rapid and direct antiviral



2278 |

HUMENIUK ET AL.

ASCPT

activity in the respiratory tract, which is the target of
SARS-CoV-2 infection, while achieving lower systemic
drug exposure. The PK evaluations in nonhuman primates
(NHPs) showed that 20-fold lower inhaled RDV doses pro-
duced similar concentrations of the active triphosphate
(GS-443902) in pulmonary parenchyma as the equivalent
clinical i.v. RDV doses.* The systemic and PBMC RDV ex-
posures in NHPs with doses administered via inhalation
that matched the GS-443902 levels observed in the lungs
were ~50-fold lower than with i.v. administration. More-
over, repeated dosing of inhaled RDV in an African green
monkey model of SARS-CoV-2 infection demonstrated
reductions in viral replication in bronchoalveolar lavage
fluid and respiratory tract tissues compared with placebo.
The aim of the current clinical study, initiated early in the
COVID-19 pandemic (June 2020), was to evaluate the PK,
safety, and tolerability of single and multiple ascending
doses of RDV administered via inhalation to healthy adult
participants. As guided by the nonclinical evaluations, es-
timated lung doses of up to 10mg RDV of either the i.v.
formulation (RDV solution for injection) or the new in-
halation formulation (RDV solution for inhalation) were
assessed in this study.

METHODS
Study design

This was a phase Ia, randomized, placebo-controlled study
with staggered dose escalation and adaptive dose selection
to evaluate the safety and tolerability of RDV administered
via inhalation in healthy participants from June 25, 2020
(first participant first visit) to March 12, 2021 (last partici-
pant last visit). Ascending single and multiple doses of in-
haled RDV were administered to cohorts 1 to 5, followed
by assessment of an additional formulation (cohort 6)
and device configuration (cohort 7).

Following screening and admission assessments, par-
ticipants were randomized 4:1 to receive either RDV or
placebo as single doses (cohorts 1, 2, 4, and 7) or multiple
once-daily doses (cohorts 3, 5, and 6). Dosing in each single-
dose cohort was staggered, with two participants (one active
and one placebo) dosed 24 h before additional participants
were dosed. Cohorts 1 to 5 received the RDV for injection
formulation, whereas cohorts 6 and 7 received the RDV for
inhalation formulation. Doses in cohorts 1 to 6 were ad-
ministered as an aerosolized solution for inhalation using
a sealed facemask coupled with a PARI LC Sprint valved jet
nebulizer (PARI Respiratory Equipment, Inc.) with a single
inlet/outlet and exhaust filter. Doses in cohort 7 were ad-
ministered as an aerosolized solution for inhalation using
a mouthpiece coupled with an LC Sprint nebulizer. The

sulfobutylether-p-cyclodextrin sodium content was 7.5%
after reconstitution in the RDV for inhalation formulation
and 15% after reconstitution in the RDV for injection for-
mulation. Single ascending dose escalation from cohort 1 to
cohort 2 occurred upon safety evaluation through at least
day 4 from cohort 1. Commencement of cohort 4 occurred
upon safety evaluation through at least day 8 from cohort 3.
Multiple ascending dose escalation from cohort 2 to cohort
3 and from cohort 4 to cohort 5 occurred upon safety evalua-
tion through at least day 4 from cohorts 2 and 4, respectively.
Commencement of cohorts 6 and 7 was determined upon
completion of previous cohorts.

Study treatments, overall delivery efficiency, and de-
posited and nominal doses within each cohort are pre-
sented in Table 1. Safety and tolerability were assessed
through incidences of adverse events (AEs), clinical lab-
oratory abnormalities, and evaluations of electrocardio-
grams (ECGs), vital signs, and forced expiratory volume in
1s (FEV,). A safety review team was established to assess
safety, make decisions on dose escalation, and define the
maximum tolerated dose, if applicable. Eligible partici-
pants were healthy, nonsmoking participants aged 18 to
45years (inclusive), with a body mass index (BMI) greater
than or equal to 19.0 and less than or equal to 30.0kg/m?,
a creatinine clearance greater than or equal to 90 mL/min,
an FEV, greater than 80% of predicted, and an FEV, /forced
vital capacity (FVC) ratio greater than 70%. Exclusion cri-
teria included abnormal vital signs at screening, defined
as systolic blood pressure less than 90 mmHg or greater
than or equal to 140 mmHg, diastolic blood pressure less
than 50mmHg or greater than or equal to 90 mmHg, or
heart rate less than 50 or greater than 90 beats per minute.
Pregnant or breastfeeding participants were excluded.

The protocol, consent forms, study participant in-
formation sheets, and advertisements were submitted
by the investigator to a duly constituted institutional
review board for review and approval before study ini-
tiation. The study was conducted under a US investi-
gational new drug application and in accordance with
recognized international scientific and ethical standards
including, but not limited to, the International Council
for Harmonization guideline for Good Clinical Practice
and the original principles embodied in the Declaration
of Helsinki.

Dose selection

Based on the results of a 7-day rat non-Good Laboratory
Practice local tolerance study, the no observed adverse
effect level for the RDV for injection reconstituted solu-
tion administered by inhalation was 10.6 mg/kg presented
dose (assuming 10% deposition), which corresponds to
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Nominal dose
(estimated lung
dose, overall delivery

Test product Device Cohort efficiency) Mode of administration
RDV for injection Sealed facemask coupled 1 12.5mg (2mg, 16.1%) Inhalation for ~7min in the morning for
formulation with an LC Sprint 1day
(containing 15% nebulizer with a single 5 31mg (5mg, 16.1%) Inhalation for ~17min in the morning for
SBECD after inlet/outlet and exhaust 1day
reconstitution filter
) 3 31mg (5mg, 16.1%) Inhalation for ~17 min once daily in the
morning for 5days
4 62mg (10mg, 16.1%) Inhalation for ~34min in the morning for
1day
5 62mg (10mg, 16.1%) Inhalation for ~34 min once daily in the
morning for 5days
RDV for inhalation  Sealed facemask coupled 6 60mg (10.4mg, 17%) Inhalation for ~24 min once daily in the
formulation with an LC Sprint morning for 5days
(containing 7.5% nebulizer with a single
SBECD after inlet/outlet and exhaust
reconstitution) filter

Mouthpiece coupled with 7
an LC Sprint nebulizer

39mg (10mg, 25.6%)

Inhalation for ~19 min in the morning for
lday

Abbreviations: RDV, remdesivir; SBECD, sulfobutylether p-cyclodextrin sodium.

a deposited lung dose of 1.06 mg/kg of body weight or
0.154mg/g of lung weight, estimated from actual body
weight and lung weight derived from the 7-day rat study.
The average vehicle mass median aerodynamic diameter
of the generated aerosol in that study was 3.04 pm, with
an average geometric standard deviation (SD) of 1.67. The
starting dose for the RDV for injection formulation evalua-
tion in cohort 1 of this study was a single inhaled nominal
dose of 12.5mg (2 mg estimated lung dose given the 16.1%
delivery efficiency of an LC Sprint equipped with a sealed
facemask). Assuming 100% deposition of the nominal
dose in the human lung, this dose would result in an esti-
mated lung dose of 0.0125mg/g of lung weight (assuming
a 70kg human with 1000 g lung weight), corresponding to
a 12-fold safety margin relative to the no observed adverse
effect level (NOAEL). Doses of 31 mg, administered as a
single dose or as 5-day multiple doses, were evaluated in
cohorts 2 and 3, respectively, and were expected to result
in a safety margin of 5.0-fold. Escalation to a nominal dose
of 62mg (10mg estimated lung dose given an overall ef-
ficiency of 16.1% for the LC Sprint equipped with a sealed
facemask; cohorts 4 and 5) was supported by results from
the 14-day Good Laboratory Practice toxicology studies
in rats, which demonstrated a lack of AEs with a safety
margin of 2.6-fold. The doses evaluated in cohorts 6 and
7 were 60 and 39 mg nominal doses (10.4 and 10mg esti-
mated lung doses), respectively.

Bioanalytical procedures

The bioanalytical method for determining RDV and
GS-441524 in formic acid-treated human plasma was
validated at QPS, LLC. This method involved protein
precipitation extraction of RDV and GS-441524 and sta-
ble isotype-labeled internal standards GS-829143 ([**C,]-
RDV) and GS-828840 ([°C,]-GS-441524) from human
plasma, followed by liquid chromatography-tandem mass
spectrometry (LC-MS/MS). The calibration range was
0.2 to 200ng/mL for RDV and 0.4 to 400ng/mL for GS-
441524. The bioanalytical method for determination of
GS-704277 in formic acid-treated human plasma was also
validated at QPS, LLC. Similarly, this method involved
protein precipitation extraction of GS-704277 and inter-
nal standard GS-829466 (['*C,]-GS-704277) from human
plasma, followed by LC-MS/MS with a calibration range
of 2 to 2000 ng/mL. All samples were analyzed within the
time frame supported by long-term storage stability data.

PK analyses

Plasma concentrations and PK parameters (area under the
concentration-time curve [AUC] extrapolated to infinite time
[AUC,, single dose], AUC from time zero to the last quan-
tifiable concentration [AUC,,|, apparent oral clearance



2280 |

HUMENIUK ET AL.

ASCPT

[single dose], apparent oral clearance at steady-state [multi-
ple dose], terminal elimination half-life, apparent volume of
distribution, maximum observed concentration [Cp,,,|, time
[observed timepoint] of maximum observed concentration
[Tax)s 1ast observed quantifiable concentration [Cj,g], time
[observed timepoint] of Cy,y, AUC over the dosing interval
[AUC,,,; multiple dose], AUC from time zero to 24h [mul-
tiple dose], and observed concentration at the end of the
dosing interval [Cy,,; multiple dose]) were summarized by
cohort for all analytes using descriptive statistics.

Dose proportionality was evaluated based on AUC,,
AUC,,, and C,,,, values obtained on day 1 (single-dose co-
horts 1, 2, and 4) using both a power model and an analysis
of variance (ANOVA) model. PK parameters of RDV and its
metabolites using the RDV for injection and RDV for inhala-
tion formulations were compared using an ANOVA model.
PK parameters from the RDV for injection formulation were
used as a reference; the test-to-reference ratio and the 90%
confidence interval (CI) of the PK parameters between co-
horts 5 and 6 were provided. An ANOVA model was also
used to compare PK parameters of RDV and its metabolites
achieved between the facemask and the mouthpiece; the
test-to-reference ratio and the 90% CI of the PK parameters
were compared between cohorts 4 and 7.

Safety and tolerability

Safety and tolerability were assessed throughout the
study and included treatment-emergent AEs (TEAES),
serious AEs (SAEs), vital signs, ECG, clinical labora-
tory analyses, and spirometry. TEAEs and SAEs were
coded according to the Medical Dictionary for Regula-
tory Activities, version 24.0. The severity of TEAEs was
graded using the Division of AIDS Table for Grading the
Severity of Adult and Pediatric Adverse Events, version
2.1. Spirometry assessments were performed according
to American Thoracic Society standardization.” Par-
ticipants who developed a postdose decline in FEV; of
greater than 15% compared with the same-day predose
baseline values were monitored until their spirometry
results returned to the predose baseline and all signs/
symptoms resolved. Any participant who had a predose
FEV, value less than 80% of predicted did not receive
study treatment on that day.

RESULTS
Participant disposition and demographics

Among 72 participants enrolled in the study, 58 (cohorts
1-6, n=8 each and cohort 7, n=10) received RDV via

inhalation and 14 received placebo (Table 2). Across
all cohorts, the mean (SD) age was 27 (7.1) years. The
majority of participants were men (51.4%); 90.3% of par-
ticipants were White, and 84.7% were not Hispanic or
Latino. The mean (SD) BMI at baseline was 24.1 (2.9)
kg/m”®.

PK of single ascending doses of RDV,
GS-704277, and GS-441524

Overall, the plasma PK profiles of RDV, GS-704277, and
GS-441524 showed similar terminal elimination phases
across the studied dose range. Following single RDV es-
timated lung doses of 2, 5, and 10mg, participants had
detectable RDV concentrations up to 1.1, 1.8, and 2.6h
postdose, respectively (Figure 1). Participants had detect-
able GS-704277 concentrations up to 2.0, 2.3, and 2.6h
postdose and detectable GS-441524 concentrations up to
24, 48, and 72h (last PK sampling timepoint) postdose,
respectively.

Plasma PK parameters for RDV, GS-704277, and GS-
441524 are presented in Table 3. Results of ANOVA and
power model analyses indicated approximately dose-
proportional increases in AUC;,;, AUC,,, and C,, of
RDV, GS-704277, and GS-441524 across the studied dose
range (Tables S1 and S2). The median T,,,, was between
0.28 and 0.58h for RDV, 0.50 and 0.84h for GS-704277,
and 2.08 and 4.24 h for GS-441524.

Systemic exposures of RDV administered via inhala-
tion were substantially (~7- to 10-fold) lower compared
with i.v. RDV administration at the same dose level.
An estimated lung dose of 10 mg RDV (cohort 4) in the
current study yielded an RDV AUC,; of ~23h*ng/mL
compared with an RDV AUC;; of ~230h*ng/mL for
a 10mg RDV dose administered i.v. in a prior study.*
This observed decrease in systemic exposure of RDV
when administered via inhalation suggests substan-
tial extraction and/or first-pass metabolism of RDV in
the lungs. The AUC;,; values of RDV metabolites were
comparable between the i.v. and inhalation routes of
administration, as the enzymes responsible for metab-
olism of RDV are known to be expressed in the lungs.
The plasma exposures to RDV and metabolites were
consistent with the nonclinical PK data.> The AUC,
of GS-704277 following a 10mg i.v. administration of
RDV was ~30h*ng/mL'® compared with an AUC
of ~64h*ng/mL following an estimated lung dose
of 10mg RDV (cohort 4) in the current study. The
AUC;,; of GS-441524 following a 10mg i.v. adminis-
tration of RDV was ~264 h*ng/mL'® compared with an
AUC;; of ~249h*ng/mL following an estimated lung
dose of 10 mg RDV (cohort 4) in the current study.
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FIGURE 1 Mean (SD) plasma concentration versus time for (a) RDV, (b) GS-704277, and (c) GS-441524 for single-dose RDV and
(d) RDV, (e) GS-704277, and (f) GS-441524 for multiple-dose RDV administered via inhalation. FM, facemask; LLOQ, lower limit of
quantification; MP, mouthpiece; RDV, remdesivir. Error bars denote standard deviations. *Time from start of nebulization.
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TABLE 3 (Continued)

Cohort 6

Cohort 5

Cohort 3

8)

8)

8)

Cohort 4

Cohort 2

Cohort 1

10.4mg RDV MAD (n

10mg RDV MAD (n

5mg RDV MAD (n

10mg RDV
SAD (n

2mg RDVSAD 5mgRDV

(n

Day 5 Day1 Day 5 Day 1 Day 5

Day 1

=3)

=8)

SAD (n

=38)

PK parameter®

0.6 (18.5) 0.5(12.8) 0.7 (17.8) 1.5 (37.6) 0.7 (31.9) 3.9 (37.9) 1.4 (34.9)

Clast’ l’lg/ mL

28.6 (24.6, 30.5) 27.5(19.9, 29.8)

27.4(25.0,29.7)

21.5(16.8,27.7) -

11.5(10.1, 14.5)

9.65(8.51, 11.6)

by h

Abbreviations: %CV, percentage of coefficient of variation; AUC, area under the concentration-time curve; AUC,_,,, AUC from time zero to 24 h; AUC;,, AUC extrapolated to infinite time; AUCy,y, AUC from time zero

to the last quantifiable concentration; AUC,,,, AUC over the dosing interval; CL/F, apparent oral clearance; Cy,g, last observed quantifiable concentration; CL/F, apparent oral clearance at steady-state; Cy,,,, maximum

observed concentration; MAD, multiple ascending dose; PK, pharmacokinetic; Q, quartile; RDV, remdesivir; SAD, single ascending dose; t,,, terminal elimination half-life; T}, time (observed timepoint) of last

observed quantifiable concentration; T,,,,, time (observed timepoint) of maximum observed concentration; V,/F, apparent volume of distribution.

“Data are presented as mean (%CV), except for Ty, Tias and t;,, which are presented as median (Q1, Q3).

bAUCOA24 is presented for day 1, and AUC,,,, is presented for day 5.

“There were seven participants; PK parameters are not reportable for one participant.

PK of multiple ascending doses of RDV,
GS-704277, and GS-441524

Overall, the plasma concentrations of RDV, GS-704277,
and GS-441524 after administration of multiple ascend-
ing doses of RDV by inhalation were consistent with those
expected based on PK after single-dose RDV (Figure 1;
Figure S1). In all participants, RDV, GS-704277, and GS-
441524 were detectable for 2.0 to 2.6, 2.3 to 4.6, and 23.9 to
72.6h, respectively (Table 3). Consistent with the single-
dose half-life of 0.23 to 0.41h for RDV and 0.80 to 0.88h
for GS-704277, no accumulation of either analyte was ob-
served following 5days of dosing. Modest accumulation
of GS-441524 was observed based on ratios for geometric
least-squares mean values following 5days of dosing (1.3-
to 1.5-fold on AUC, 1.2- to 1.4-fold on C,,,, and 1.5- to
1.9-fold on C,,,), consistent with the single-dose half-life
of 9.65 to 21.5h. Although the study was not powered to
assess bioequivalence, a statistical comparison showed
RDV, GS-704277, and GS-441524 exposures (AUC,,, and
Cma) Were similar regardless of the RDV formulation
(Figure S1; Table S3).

Comparison of PK exposures between
mouthpiece and sealed facemask
administration

Statistical comparisons indicated that RDV, GS-704277,
and GS-441524 exposures (AUC,,; and C,,,,) were lower
when RDV was administered through a mouthpiece (co-
hort 7) versus a sealed facemask (cohort 4; Table 4). Higher
variability in PK parameters was also observed when RDV
was administered through a mouthpiece compared with a
sealed facemask.

Safety

In total, 31 (43.1%) participants experienced greater than
or equal to one TEAE (Table 5). Of these participants, 23
(74.2%) received RDV and 8 (25.8%) received placebo.
No participants in the study died, experienced a nonfa-
tal treatment-emergent SAE, experienced a grade 3 or 4
TEAE, had study treatment discontinued due to a TEAE,
or discontinued the study due to a TEAE. The percentage
of participants with TEAEs was lower in cohorts receiving
single doses of the RDV for injection formulation through
a sealed facemask (cohorts 1 and 2, 1 [12.5%] participant
each; cohort 4, 3 [37.5%)] participants) compared with the
cohort receiving a single dose of the RDV for inhalation
formulation through a mouthpiece (cohort 7, 5 [50.0%]
participants). In the cohorts receiving multiple doses of
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TABLE 4
cohort 4 (facemask).

Cohort 7
10mg RDV SAD, mouthpiece

Analyte PK parameter® (n=10)"
RDV

AUC;yp h-ng/mL 13.9 (74.8)

AUC,,, h'-ng/mL 13.8(75.1)

Cinax NE/mML 22.7(72.7)

Trax D 0.43 (0.34, 0.58)

i h 0.32(0.20, 0.37)
GS-704277

AUC;,s, h-ng/mL 39.7 (61.3)°

AUC,,, h-ng/mL 31.9(78.3)

Cinayo Ng/mL 24.7 (65.8)

Wiz 10 0.60 (0.58, 0.67)

i h 0.72 (0.54, 0.92)°
GS-441524

AUC,,;, h-ng/mL 181.8 (71.6)

AUC,,, h-ng/mL 163.7 (72.7)

Cnax Dg/mL 9.8 (64.3)

Tppao D 1.81 (1.08, 2.09)

fih 18.00 (13.35, 26.42)

ASCPT

Inhaled single-dose plasma PK parameters for RDV, GS-704277, and GS-441524 in cohort 7 (mouthpiece) compared with

Cohort 4 %GLSM ratio

10mg RDV SAD, facemask (cohort 7 [test] vs. cohort
(n=8) 4 [reference]; 90% CI)
23.4 (49.8) 46.63 (20.95, 103.76)
23.2(49.9) -

31.1(48.6) 57.94(26.38, 127.26)

0.58 (0.54, 0.61) -
0.41 (0.35, 0.44) -

63.5(42.2) 58.67 (35.35, 97.38)
56.7 (45.9) -
35.3 (35.0) 57.97 (32.04, 104.87)

0.84 (0.81, 0.88) =
0.80 (0.75, 0.98) -

248.7 (40.8) 55.04 (25.50, 118.83)
225.4 (41.6) -
15.3(31.8) 49.36 (24.70, 98.64)

2.08 (1.75, 2.33) -
21.48 (16.77, 27.68) -

Abbreviations: %GLSM, percentage of geometric least-squares mean; AUC;;, area under the concentration-time curve extrapolated to infinite time; AUC
area under the concentration-time curve from time zero to the last quantifiable concentration; CI, confidence interval; C,,,, maximum observed concentration;
PK, pharmacokinetic; Q, quartile; RDV, remdesivir; SAD, single ascending dose; t, ,, terminal elimination half-life; T},,,,, time (observed timepoint) of

maximum observed concentration.

“Data are presented as mean (%CV), except for Ty, and t,,,, which are presented as median (Q1, Q3).

"There were eight participants; two participants in cohort 7 experienced issues during dosing (excessive foaming obstructing mouthpiece) that resulted in

dosing interruption or incomplete dosing.

“There were seven participants; PK parameters were not estimable for one additional participant.

the RDV for injection formulation through a sealed face-
mask, the percentage of participants with TEAEs was the
same for cohorts 3 and 5 (4 [50.0%] participants each)
but slightly higher in cohort 6 (5 [62.5%] participants).
The most common TEAEs that occurred in greater than
or equal to two participants receiving RDV in any cohort
were nausea (2/8 [25.0%] participants in cohort 3), dizzi-
ness (2/8 [25.0%] participants each in cohorts 4 and 5),
and cough (2/10 [20.0%] participants in cohort 7). The
only events that occurred in greater than or equal to two
participants receiving placebo were dizziness and upper
respiratory tract congestion (2/14 [14.3%] participants
each).

Overall, 28 of 72 (38.9%) participants had greater
than or equal to one graded, treatment-emergent abnor-
mal laboratory finding reported during the study, most
of which were grade 1. No notable changes from pre-
dose to any postdose timepoint were observed in systolic
blood pressure, diastolic blood pressure, pulse rate, body

temperature, respiration rate, or oxygen saturation. Sim-
ilarly, no notable changes from predose to any postdose
timepoint were observed in FEV,, FVC, or FEV,/FVC. Al-
though several participants had abnormal ECG findings
during the study, most of these were present prior to ad-
ministration of study treatment and none were considered
to be clinically significant.

DISCUSSION

Results from the current analysis demonstrate that fol-
lowing administration of RDV via inhalation, RDV,
GS-704277, and GS-441524 exhibited linear and dose-
proportional plasma PK, with multiple-dose PK show-
ing results consistent with those of single-dose PK. RDV,
GS-704277, and GS-441524 plasma exposures were sim-
ilar for both RDV formulations used for nebulization.
Systemic exposures of the metabolites GS-704277 and
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GS-441524 were comparable with those observed after
i.v. administration at the equivalent dose, highlighting
the feasibility and efficiency of RDV administration via
inhalation. In this study, sufficient FEV, was one of the
inclusion criteria as a safety precaution. Furthermore,
FEV, was tested prior to dosing throughout the study
to ensure that poor FEV; would not interfere with RDV
delivery. Further PK evaluations in participants with
a range of FEV, would be required to fully understand
the respective implications and potential need for dose
adjustment.

RDV was generally safe and well-tolerated when ad-
ministered as a single ascending dose or multiple ascend-
ing doses via inhalation. No participants experienced
grade 3 or 4 TEAEs or SAEs or discontinued due to TEAEs,
reflecting the low systemic exposures. Additionally, there
were no changes in spirometry parameters, indicating no
detriment to pulmonary function when RDV is delivered
locally to the lungs. These findings demonstrate that inha-
lation could be an alternative route for RDV delivery that
would be especially useful for self-administration in out-
patient settings.

Along with two formulations of inhaled RDV, this
study evaluated an LC Sprint valved jet nebulizer
equipped with either a sealed facemask or a mouthpiece
as the patient interface. The mouthpiece was hypoth-
esized to be a more user-friendly patient interface for
at-home administration. It also showed a higher overall
delivery efficiency based on in vitro testing (25.6% for
the mouthpiece vs. 16.1%-17% for the facemask). How-
ever, in this study, plasma RDV exposures were lower
and more variable with the mouthpiece configuration
compared with the facemask. Although formal assess-
ment of taste was not conducted in this trial, the un-
pleasant taste, as informally reported by some study
participants, may have contributed to overall efficiency
of nebulization. These results indicate that further eval-
uation of the device is required to enable efficient and
convenient home use. Simple and easy-to-use devices
are necessary to expand the accessibility of inhaled RDV
to a wider outpatient demographic.

This study was initiated early in the COVID-19 pan-
demic (June 2020; Figure S2), a time when minimizing
SARS-CoV-2 transmission and identifying effective treat-
ments and vaccines against COVID-19 were of paramount
importance. Only a month prior to this study, i.v. RDV was
shown to shorten time to recovery in adults hospitalized
with COVID-19." Since then, RDV has been approved for
the treatment of COVID-19 in the United States, the Eu-
ropean Union, Japan, and greater than 50 other countries
worldwide at an initial dose of 200mg i.v., followed by
100mg i.v. for the next 4 or 9days."

ASCPT

The advantage of administering RDV via inhalation
is the direct delivery of the drug to the primary site
of infection in the respiratory tract, thereby reducing
overall systemic drug exposure. The disadvantage is
that inhalation requires special equipment, longer ad-
ministration time, and further optimization. There was
no direct evaluation of active metabolite formation in
human lungs (either through biopsy or bronchoalveolar
lavage) following inhalation of RDV in this study, par-
tially due to the invasive nature of such assessments.
However, based on the preclinical data, the doses eval-
uated were expected to deliver comparable levels of the
active triphosphate metabolite as the clinical regimen
of 200/100mg of i.v. RDV.* Using PBMCs as a surro-
gate for active metabolite formation was not feasible ei-
ther, considering the low systemic exposures following
inhalation.

At the time of the current study, multiple programs
pursuing alternative routes of RDV administration, in-
cluding subcutaneous injection, intramuscular injection,
as well as the oral administration of novel nucleosides,
were in development. In recent years, orally administered
COVID-19 therapeutics have shown promise in clinical
trials due to the simplicity, convenience, and improved
efficacy of oral compared with inhaled or i.v. routes of
administration.'>"

Overall, RDV administration via inhalation was gener-
ally safe and well-tolerated regardless of the nebulization
formulation used. Together, these data demonstrate that
the inhaled route of RDV administration shows promise
in the clinic, but exploration of alternative devices could
offer more stable and predictable drug delivery to the
lungs.
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