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ABSTRACT

Respiratory Syncytial Virus (RSV) causes lower respiratory tract infections that can be severe and some-
times fatal. The risk for severe RSV infection is highest in infants and older adults. A safe and effective RSV
vaccine for older adults represents a serious unmet medical need due to higher morbidity and mortality in
this age group. In this randomized, partially double-blind, placebo-controlled, phase 1 dose-escalation
study, we evaluated the safety, tolerability and immunogenicity of an investigational messenger ribonu-
cleic acid (mRNA) vaccine encoding the RSV fusion protein (F) stabilized in the prefusion conformation.
The study was conducted in healthy younger adults (ages =18 and <49 years) and healthy older adults
(ages =60 and <79 years). Participants received mRNA-1777 (V171) or placebo as a single intramuscular
dose. For each dose level, three sentinel participants were administered open-label mRNA-1777 (V171).
Seventy-two younger adults were randomized and administered 25, 100, or 200 ug mRNA-1777 (V171) or
placebo, and 107 older adults were randomized and administered 25, 100, 200 or 300 ug mRNA-1777
(V171) or placebo. Primary objectives were safety and tolerability and secondary objectives included
humoral and cell-mediated immunogenicity. All dose levels of mRNA-1777 (V171) were generally well
tolerated and no serious adverse events related to the vaccine were reported. Immunization with mRNA-
1777 (V171) elicited a humoral immune response as measured by increases in RSV neutralizing antibody
titers, serum antibody titers to RSV prefusion F protein, D25 competing antibody titers to RSV prefusion
F protein, and cell-mediated immune responses to RSV-F peptides.
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Introduction supportive care and general symptom management. A licensed

RSV vaccine is not available.
The majority of adults demonstrate some level of humoral

Respiratory Syncytial Virus is a non-segmented RNA virus
with two subtypes, RSV A and RSV B. The virus commonly

infects most infants by 1 year of age' and can cause reinfections
in children and adults.” Infections due to RSV generally cause
upper respiratory tract infection, but can progress to lower
respiratory tract infection (LRTI), most often in vulnerable
populations such as infants, the immunocompromised, and
the elderly. Complications of RSV-related LRTI include
respiratory distress, pneumonia, and bronchiolitis, which can
be fatal. In infants, RSV infection has been identified as the
leading cause of hospitalization in the first 6 months of life and
the most common cause of LRTI-related deaths during the
neonatal period.” Morbidity and mortality in older adults are
extensive and generally increase with age.* The prevalence and
burden of RSV in adults may be greatly underestimated
because testing for RSV in adults is not routinely performed;
however, adults with RSV infections have mortality and hospi-
talization rates comparable to that of seasonal influenza.* ® In
the United States alone, studies have estimated that RSV infec-
tions in older adults cause over 175,000 hospitalizations and
14,000 deaths per year’. RSV treatment in adults is limited to

immunity to RSV due to past infection; despite this pre-
existing immunity, repeat infections still occur. Though
immune correlates of protection against RSV-associated dis-
ease in adults have not yet been defined, studies of RSV spe-
cific-immune response in the older adults have suggested that
lower antibody titers to the F and G proteins, decreased nasal
IgA levels, and waning cellular immunity may be risk factors
for RSV-associated disease.” "

A significant part of the current research and development
efforts for adult RSV vaccines target the RSV fusion (F) protein
which, along with the G protein, induces RSV-neutralizing
antibody responses. Compared to the G protein, the
F protein is more conserved across RSV types A and B.'* The
F protein exists in two conformations, a metastable prefusion
conformation and a postfusion conformation. Studies of
humoral immune response to natural RSV infection have
shown that the majority of the human antibody response
targets the prefusion conformation.'>'® The advent of struc-
ture-based design methods to stabilize the prefusion
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conformation of the F protein'” has revitalized RSV vaccine
research in recent years with a large focus on prefusion F-based
immunogens.'® Current stabilized prefusion F-based develop-
ment candidates include a number of protein subunit vaccines
with or without adjuvants,’”** a recombinant adenoviral
vector,” virus-like particles®* and nanoparticles.*’

We recently reported the pre-clinical evaluation of modified
mRNA/lipid nanoparticle-based vaccine formulations expres-
sing RSV prefusion F.** These mRNA vaccine candidates eli-
cited RSV-neutralizing antibody responses as well as CD4 and
CD8 T-cell response in mice and demonstrated protection
against RSV A and B in cotton rat challenge models.

mRNA vaccine technology has the potential to offer rapid
antigen design and scalable production.””*® The nucleic acid
approach eliminates the need to produce and purify proteins,
a process which can be costly or challenging for unstable
antigens. It also eliminates the need for egg or cell culture
systems.”” A number of phase I clinical trials assessing
mRNA vaccines against infectious diseases were recently
undertaken, including: rabies, chikungunya, cytomegalovirus,
zika, influenza, human metapneumovirus, and parainfluenza
type 3”7 and SARS-CoV-2. Although the majority of these
studies are ongoing or unpublished to date, the phase I studies
of HION8 and H7N9 influenza investigational vaccines were
reported to be well tolerated and to induce robust and durable
antibody responses.’’ These data support the clinical evalua-
tion of investigational mRNA vaccines for the prevention of
RSV disease.

Here, we report a first-in-human phase 1 study in healthy
younger and older adults to evaluate the safety and immuno-
genicity of mRNA-1777 (V171), an investigational prophylac-
tic RSV vaccine encoding the full-length RSV F protein
stabilized in the prefusion conformation.

Materials and methods
Study design

This was a phase 1, first-in-human, randomized, partially dou-
ble-blind, placebo-controlled, dose-escalation study to evaluate
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the safety, tolerability, and immunogenicity of mRNA-1777
(V171) in healthy younger participants (ages =18 and
<49 years, Part A) and healthy older participants (ages =60
and <79 years, Part B) (Protocol mRNA-1777-P101, V171).
The study was conducted at three sites in Australia between
November of 2016 and May of 2019.

The first three participants in each arm and at each dose
level in Part A and Part B were enrolled as open-label sentinels.
The purpose of the sentinel groups was to identify potential
toxicities prior to enrollment of the randomized expansion
cohorts. Participants assigned to the expansion cohorts were
randomized to receive mRNA-1777 (V171) or placebo in a 3:1
ratio. Randomization in the expansion cohort was carried out
using an interactive voice response system. All doses of
mRNA-1777 (V171) and placebo were administered as an
intramuscular (IM) injection (up to 0.4 mL) into the deltoid
muscle as a single dose on Day 1.

Part A included three sequential treatment arms of 25 g,
100 pg and 200 pg doses. Each treatment arm consisted of three
sentinel participants and 24 expansion cohort participants (18
active and 6 placebo) (Figure 1). Safety data from the sentinel
cohort within each treatment arm in Part A were reviewed by
the investigator in consultation with the sponsor prior to dos-
ing the expansion cohort. Once the final participant in
a treatment arm was dosed and completed the Day 8 evalua-
tion, the safety monitoring committee (SMC) reviewed the
safety data from the sentinel and expansion cohorts prior to
escalation to the next treatment arm.

Part B included four sequential treatment arms of 25 g,
100 pg, 200 ug and 300 ug doses. Each treatment arm consisted
of three sentinel participants and expansion cohorts (Figure 2).
In part B, the safety data from the sentinel cohort within each
treatment arm, in addition to the sentinel and blinded safety
data in Part A at the same dose level, were reviewed by an
independent SMC prior to dosing the expansion cohort. The
25 pg arm consisted of 12 participants (nine active and three
placebo). The 100 pg and 200 ug arms each consisted of 24
active and eight placebo, and the 300 pg arm consisted of 23
active and eight placebo. The 300 pg arm was included as

Sentinels
N=9

259 100 pg
N=3 N=3

200 pg
N=3

—

N=2 (66.6%) discontinued
2 withdrawal by participant (66.6%)

N=2 (66.6%) discontinued
1 withdrawal by participant (33.3%)
1 lost to follow-up (33.3%)

—

N=3 N=1
(100%) Completed (33.3%) Completed

N=1
(33.3%) Completed

| Participants Randomized

100 pg
N=18

25ug
N=18

Placebo
N=18

200 ug
N=18

N=2 (11.1%) discontinued
2 withdrawal by participant (11.1%)

N=3 (16.7%) discontinued

—> —>| 3 lost to follow-up (16.7%)

N=2 (11.1%) discontinued
1 withdrawal by participant (5.6%)
1 lost to follow-up (5.6%)

N=2 (11.1%) discontinued

—> > 2 withdrawal by participant (11.1%)

N=16
(88.9%) Completed

N=15
(83.3%) Completed

Figure 1. Participant Disposition for Group A, Younger Adults.

N=16
(88.9%) Completed

N=16
(88.9%) Completed
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‘ Sentinels

N=9
|
' ! ) }
‘ 25 g ‘ ‘ 100 ug ‘ ‘ 200 pg ‘ 300 pg ‘
N=3 N=3 N=3 N=3

‘ N=3

N=3
(100%) Completed

(100%) Completed

‘ N=3

(100%) Completed

N=3
(100%) Completed

‘ Participants Randomized

|

25pug 100 ug 200 pg 300 pg
N=9 N=24 N=24 N=23
N=1 (4.3%) discontinued
™| 1 lost to follow-up (4.3%)

Placebo
N=27

1 1 Adverse event (3.7%)

N=1 (3.7%) discontinued ‘

N=9
(100%) Completed

N=24
(100%) Completed

N=24
(100%) Completed

N=26
(96.3%) Completed

‘ (95.7%) Completed

Figure 2. Participant Disposition for Group B, Older Adults.

a conditional group to further characterize the relationship
between dose, tolerability, and immunogenicity in healthy
older adults, and was implemented by the sponsor with
approval of the SMC based on the tolerability and immuno-
genicity observed in the lower dose groups.

Doses were selected based upon data from pre-clinical safety
and immunogenicity studies as well as clinical studies with
other Moderna, Inc. mRNA-based vaccines. The sample size
of the study was set to provide 97.5% confidence that the true
vaccine-related serious adverse event (SAE) rate was <2.9% in
participants receiving mRNA-1777 (V171) if no vaccine-
related SAE was reported in the participants receiving
mRNA-1777 (V171) (dose groups 25 pg, 100 pg and 200 pg).

Study objectives

The primary objective of this study was to assess the safety and
tolerability of mRNA-1777 (V171) versus placebo. The second-
ary objectives were to determine the immunogenicity of
mRNA-1777 (V171) by serum neutralizing titers against RSV
A and RSV B, serum antibody titers to RSV F protein,
and serum palivizumab-and D25-competing antibody titers
to RSV F protein. Cell-mediated immune responses to RSV
F peptides were measured by IFN-y enzyme-linked immuno-
spot (ELISPOT) and flow cytometry using intracellular cyto-
kine staining.

Participants

Males and females of non-childbearing potential in good general
health between the ages of 18 and 49 (inclusive; Part A) or
between 60 and 79 years of age (inclusive; Part B) were included.
Good general health was determined by medical history, physical
examination, vital sign measurements, laboratory tests, and an
ECG performed at screening. Participants with a body mass
index (BMI) >18 kg/m” to <32 kg/m* were included in the
study. Key exclusion criteria included any ongoing, symptomatic
acute or chronic illness requiring medical or surgical care,
a history of diabetes, a history of active cancer within the last

10 years, significant psychological disorders, previous participa-
tion in studies with lipid nanoparticles (LNP), a history of severe
allergies, or receipt of any other licensed vaccines within 4 weeks
prior to dose administration. For a full list of inclusion and
exclusion criteria see Appendices A and B, respectively. This
study was conducted in accordance with principals of Good
Clinical Practice and was approved by the appropriate institu-
tional review boards and regulatory agencies.

Vaccine description

The mRNA-1777 (V171) vaccine consisted of chemically mod-
ified mRNA encoding a full length (membrane-associated)
RSV F protein stabilized in the prefusion conformation using
the modification described by McLellan et al.”’(mDS-Cavl),%°
and an LNP delivery system. The LNP consisted of cholesterol,
DSPC (1,2-Distearoyl-sn-glycero-3-phosphocholine), MC3
(also known as DLin-MC3-DMA), and PEG2000-DMG. The
mRNA-1777 (V171) vaccine was diluted to the target dose
using 0.9% Sodium Chloride Injection, USP or BP as the
diluent. Placebo was a matched volume of 0.9% Sodium
Chloride Injection, USP or BP. All products were prepared,
packaged, and labeled according to Good Manufacturing
Practice (GMP) guidelines from the International Conference
on Harmonization of Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH), and applicable local
laws and regulations. Drug supplies were shipped, stored, and
distributed in accordance with the trial protocol.

Safety assessments

Physical examinations were conducted at screening and Days 1
(baseline), 8, 29, 180, and 366. Electrocardiograms were taken
at screening and Day 1. Clinical laboratory assessments were
taken at screening and Days 1, 2, 8, and 29. Safety was assessed
by collecting solicited adverse events (AEs) (local and systemic
reactogenicity events) for 7 days post-vaccination, unsolicited
AEs for 90 days post-vaccination, and serious AEs, adverse
events of special interest (AESI), medically attended AEs, and



new onset of chronic medical illness (NOClIs) for 1 year follow-
ing vaccination.

The intensity of AEs and laboratory abnormalities was
categorized by the investigator as mild (Grade 1), moderate
(Grade 2), severe (Grade 3), or possibly life-threatening
(Grade 4) using the Toxicity Grading Scale for Healthy
Adult and Adolescent Volunteers Enrolled in Preventative
Vaccine Clinical Trials as a guideline.’® All AEs were deter-
mined by the investigator to be related or not related to the
vaccine. Furthermore, during the time of enrollment, rules
were in place to pause the study if pre-specified criteria
were met.

Immunogenicity assessments

Serum neutralizing antibody titers to RSV A (Long
strain) and RSV B (Washington strain) were measured
at baseline and Days 8, 29, 60, 90, 180, and 366 using
a near infrared-dye (NIRDye) based In-Cell Western
neutralization assay as previously described.’® Briefly,
serum samples are serially diluted and mixed with RSV
virus for 1 hour before being added to HEp-2 cells and
incubated for 3 days. The cells were washed, fixed and
incubated with mouse monoclonal antibodies to RSV
F and RSV N. The plates were washed and incubated
with biotinylated anti-mouse IgG followed by infrared
dye-streptavidin to detect the RSV specific signal. The
stained plates were scanned using a Li-Cor Aerius (LI-
COR Biosciences, Lincoln, Nebraska) infrared fluores-
cence scanner. Anti-RSV antibody levels in human
serum were reported as the dilution of serum required
to achieve 50% response in the assay (denoted NT50).

Serum antibody titers to RSV prefusion F protein were evalu-
ated using an electrochemiluminescent (ECL) assay at baseline,
Days 8, 29, 60, 90, 180, and 366. The ECL assay measures total IgG
antibodies binding to prefusion F using the Meso Scale Discovery
Sector Imager S600 Analyzer. Palivizumab- D25-competing anti-
body titers to RSV postfusion and prefusion proteins, respectively,
were evaluated with competition AlphaLISA (PerkinElmer) at
Baseline, Day 8, 29, 60, 90, 180, and 366 similarly to previously
described.”® Briefly, serially diluted serum samples are mixed with
AlphalLISA acceptor beads conjugated to prefusion or postfusion
F protein for 30 minutes. Biotinylated palivizumab or D25 anti-
body was added and incubated. Next, streptavidin-coated donor
AlphaLISA beads were added to the mixture and incubated and
plates were read for the AlhaLISA signal on a PHERAStar FS
(BMG Labtech).

Cell-mediated immune (CMI) responses were analyzed
using the interferon-y ELISPOT assay’* and the intracellu-
lar cytokine (IFN-y, TNF-a and IL-2) staining flow cyto-
metry assay at baseline and Days 15 and 60. For the
intracellular cytokine staining assay, peripheral blood
mononuclear cells (PBMC) were thawed, rested overnight
in complete RPMI medium, and counted the following
morning. Approximately 1 million cells were stimulated
with an RSV F peptide pool and anti-CD28/CD49d anti-
bodies for two hours at 37°C followed by four additional
hours in the presence of GolgiPlug (BD Biosciences). The
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cells were stored 4°C overnight and stained the next day
with LIVE/DEAD™ fixable stain (Invitrogen), washed, per-
meabilized (BD Cytofix/Cytoperm), and stained with cock-
tail of fluorescently labeled anti-CD3 (clone UCHT1, BD
Pharmingen), CD4 (clone SK3, BD Biosciences), CD8
(clone SK1, BD Biosciences), IL-2 (clone 5344.111, BD
Pharmingen), IFN-y (Clone 4S.B3, BD Pharmingen), and
TNF-a (clone Mab 11, BD Biosciences) mAbs. Data were
acquired on the BD LSR Fortessa X-20.

For each of the CMI assays, PBMC were stimulated with
a peptide pool based on an RSV B sequence spanning the RSV
F protein (15mers, overlapping by 11 amino acids, JPT Peptide
Technologies catalog PM-HRSVB-FGF0). Data are back-
ground subtracted based on the negative control stimulation,
which was dimethyl sulfoxide, the diluent used for the peptide
pool.

Data analysis

A formal hypothesis was not tested. The overall safety and
tolerability of the tested vaccine were assessed and reported
as a summary of serious and non-serious solicited and unsoli-
cited adverse events. Clinical laboratory test results, vital sign
measurements, electrocardiograms, and physical examination
data were presented in data listings. The Safety Set included all
participants in the randomized set who received vaccine or
placebo.

Immunogenicity analyses were reported for the per-
protocol (PP) set. The PP set was defined as all participants
who received a dose of mRNA-1777 (V171) vaccine or placebo,
had at least one immunogenicity result available, and had no
major protocol violations that impacted immunogenicity
response at the corresponding time point.

For the RSV A and B neutralization assay, the RSV prefu-
sion F serum antibody titer assay and the palivizumab and D25
antibody competition assays, the data were natural log trans-
formed for analysis. The means, the mean changes from base-
line, and the corresponding 95% CIs were computed based on
the T-distribution and were exponentiated to obtain geometric
mean titers (GMTs), geometric mean fold increase (GMFI)
from baseline, and the corresponding 95% CIs. For the
ELISPOT and intracellular cytokine staining assays, original
values were used to calculate the means and mean changes
from baseline, and the corresponding 95% ClIs were computed
based on the T-distribution.

The GMTs and 95% Cls, as well as GMFI from baseline
and 95% CIs for neutralizing antibody titers against RSV
A and RSV B, absolute serum antibody titers to RSV
F protein, and serum palivizumab-and D25-competing anti-
body titers to RSV F protein were plotted by part, treat-
ment group, and time. Mean percent of positive cells and
95% ClIs for intracellular cytokine staining were plotted by
part, treatment group and time. The mean spot forming
cells and 95% ClIs for ELISPOT were plotted by part, treat-
ment group, and time. All analyses were conducted using
SAS® software (SAS Institute Inc., Cary, North Carolina)
Version 9.3 or higher.
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Results
Participants

Part A of the study enrolled three sentinel participants for each
dose (25 pg, 100 pg, 200 pg) (nine total) and a total of 72
participants were randomized in the expansion cohorts: 18
each received either 25 pg, 100 ug, or 200 pg of mRNA-177
(V171) or placebo (Figure 1). The study completion percen-
tages for the randomized expansion cohorts were 88.9%
(25 pg), 83.3% (100 pg), 88.9% (200 pg) and 88.9% (placebo)
(Figure 1).

Part B of the study also enrolled 3 sentinel participants for
each dose (25 pg, 100 pg 200 pg, and 300 pg) (12 total), and
a total of 107 participants were randomized in the expansion
cohorts (Figure 2). Nine participants received 25 pg, 24 parti-
cipants received 100 pg, 24 participants received 200 pg, 23
participants received 300 pg of mRNA-177 (V171), and 27
participants received placebo. One hundred percent (100%)
of the participants in the 25 pg, 100 pg, and 200 pg groups,
95.7% of the 300 pg group and 96.3% of the placebo group
completed the study (Figure 2).

The participant baseline characteristics for the randomized
cohorts for Parts A and B are shown in Table 1. Baseline
characteristics for the sentinel groups for Parts A and B are
shown in Supplemental Table 1. The demographic character-
istics were generally similar across treatment groups in Parts
A and B. In Part A, the majority of randomized participants
were male (98.6%) and white (87.5%), with a mean age of
28.7 years (range: 18 to 47 years) and a mean BMI of 24.5 kg/
m’. In Part B, the majority of randomized participants were

Table 1. Participant baseline characteristics: randomized cohorts, Part A and Part B.

female (57.9%) and white (97.2%), with a mean age of
66.9 years (range: 60 to 79 years) and a mean BMI of 26.4 kg/
m’. The mean values for age and BMI were generally similar
across treatment groups in Parts A and B.

Safety

An overall summary of treatment emergent adverse events
(TEAEs) for the safety sets is shown in Table 2 (data for the
sentinel sets are shown in Supplemental Table 2). Treatment-
emergent AEs included both solicited and unsolicited AEs.

Of the younger adult participants randomized to receive
mRNA-1777 (V171), 52 (96.3%) reported TEAEs and 51
(94.4%) reported treatment-related TEAEs. Of the younger
adult participants randomized to receive placebo, 15 (83.3%)
reported TEAEs and 8 (44.4%) reported treatment-related
TEAEs. Overall, 20 (37.0%) participants who received
mRNA-1777 (V171), and 7 (38.9%) participants who received
placebo reported medically attended AEs. There were no
deaths, TEAEs leading to withdrawal, AESIs, NOClIs, or new
onsets of autoimmune disorders. One (5.6%) younger adult
participant randomized to receive 200 ug mRNA-1777 (V171)
reported an SAE (ligament operation) that was unrelated to
study vaccine.

Of the older adult participants randomized to receive
mRNA-1777 (V171), all 80 (100.0%) reported TEAEs and 77
(96.3%) reported treatment-related TEAEs. Of the older adult
participants randomized to receive placebo, 24 (88.9%)
reported TEAEs and 10 (37.0%) reported treatment-related
TEAEs. Overall, 38 (47.5%) participants who received

Part A; Younger Adults

Part B; Older Adults

mRNA-1777 (V171) Placebo mRNA-1777 (V171) Placebo
25 pg 100 pg 200 pg 25 g 100 pg 200 pg 300 pg
No. of Participants (N=18) (N=18) (N=18) (N=18) (N=9) (N = 24) (N =24) (N=23) (N=27)
Age, mean years 27.5 28 28.5 30.8 64.7 66.9 67.7 66.9 66.8
Age (range) 18-41 19-47 19-47 19-47 60-69 60-78 60-79 60-78 60-77
Sex, n, male (%) 17 (94.4) 18 (100) 18 (100) 18 (100) 3(33.3) 10 (41.7) 12 (50.0) 10 (43.5) 10 (37.0)
Race, n, white (%) 16 (88.9) 16 (88.9) 14 (77.8) 17 (94.4) 9 (100.0) 23 (95.8) 22 (91.7) 23 (100) 27 (100)
Race, n, Asian or multi (%) 2(11.1) 2(11.1) 4(22.2) 1(5.6) 0 1(4.2) 2(8.3) 0 0
BMI, mean kg/m2 253 24.8 24.1 239 26.9 27.5 26.7 26.6 249
BMI = Body Mass Index, multi = multiple races
Table 2. Summary of treatment-emergent adverse events.
mMRNA-1777 (V171)-Younger Adults mRNA-1777 (V171)-Older Adults

25 pg 100pg 200pg Overall Placebo 25pg 100pg 200pg 300 pug  Overall Placebo
Safety Set (N=18) (N=18) (N=18) (N=54) (N=18) (N=9) (N=24) (N=24) (N=23) (N=80) (N=27)
Any TEAE 16 (88.9) 18 (100) 18 (100) 52(96.3) 15(83.3) 9(100) 24(100) 24(100) 23 (100) 80 (100) 24 (88.9)
Any treatment-related TEAE 15(83.3) 18(100) 18(100) 51(94.4) 8(444) 8(88.9) 24(100) 23(95.8) 22(95.7) 77(96.3) 10(37.0)
Any SAE 0 0 1(5.6) 1(5.6) 0 2(222) 1(4.2) 3(12.5) 0 6 (7.5) 2(74)
Any treatment-related SAE 0 0 0 0 0 0 0 0 0 0 0
Death 0 0 0 0 0 0 0 0 0 0 1(3.7)
Any TEAE leading to withdrawal 0 0 0 0 0 0 0 0 0 0 1(3.7)
Any AE of special interest 0 0 0 0 0 0 0 0 0 0 0
Any new onsets of chronic illness 0 0 0 0 0 0 0 0 0 0 0
Any medically attended AE 7 (38.9) 7 (38.9) 6(333) 20(37.00 7(389) 7(77.8) 12(50.0) 8(333) 11(47.8) 38(47.5) 17(63.0)
Any new onset of AID 0 0 0 0 0 0 0 0 0 0 0

Abbreviations: AE, adverse event; SAE, serious adverse event; TEAE, treatment-emergent adverse event, AID = autoimmune disorder. A TEAE was defined as any event
not present before exposure to investigational product or any event already present that worsened in intensity or frequency after exposure including solicited and
unsolicited AEs. A subject was counted once within each AE category if the subject reported 1 or more events. Percentages were based on the number of participants

who received the specified treatment and overall.



mRNA-1777 (V171) and 17 (63.0%) participants who received
placebo reported medically attended AEs. There were no
AESIs, NOCI, or new onsets of autoimmune disorder in the
older adult groups. Six (7.5%) older adult participants rando-
mized to receive mRNA-1777 (V171) and 2 (7.4%) randomized
to receive placebo reported SAEs; all were unrelated to study
vaccine. There was one death due to cardiomyopathy in one
participant randomized to receive placebo (not related to treat-
ment) in an older adult participant.

Solicited injection site adverse events

A summary of participants with solicited injection-site AEs by
maximum toxicity grade in the younger and older adult ran-
domized safety sets is presented in Figure 3 and Supplemental
Table 3.

Overall, in the younger adult group, 52 (96.3%) participants
randomized to receive mRNA-1777 (V171) and 4 (22.2%)
participants randomized to receive placebo reported injection-
site AEs. The number of participants who reported injection-
site AEs was similar across mRNA-1777 (V171) treatment
groups. Injection-site pain and tenderness to touch were the
most common injection-site AEs, each reported by 51 (94.4%)
participants randomized to receive mRNA-1777 (V171)
(Supplemental Table 3). The majority of solicited injection-
site AE were Grade 1 and Grade 2; one participant randomized
to receive 200 pg mRNA-1777 (V171) reported a Grade 3
injection-site tenderness to touch. No Grade 4 injection-site
AEs were reported.

Overall, in the older adult group, 79 (98.8%) participants
were randomized to receive mRNA-1777 (V171) and 3 (11.1%)
participants randomized to receive placebo reported injection-
site AEs (Supplemental Table 3). The number of participants
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who reported injection-site AEs was similar across mRNA-
1777 (V171) treatment groups. Injection-site pain and tender-
ness to touch were the most common injection-site AEs in
participants randomized to receive mRNA-1777 (V171),
reported in 70 (87.5%) and 72 (90.0%), respectively. The
majority of solicited injection-site AEs were Grade 1 and
Grade 2. Five participants reported Grade 3 injection-site
AFs; all were in the 300 pg mRNA-1777 (V171) treatment
group: 2 reported Grade 3 injection-site pain and 3 reported
Grade 3 injection-site tenderness to touch. No Grade 4 injec-
tion-site AEs were reported.

Solicited systemic adverse events

A summary of randomized participants reporting solicited
systemic AEs is presented in Figure 4 and Supplemental
Table 4. In the younger adult group overall, the proportion of
participants who reported solicited systemic AEs was higher in
the 200 pg mRNA-1777 (V171) treatment group (94.4%) than
in the 25 pg, 100 pg, and placebo treatment groups (66.7%,
72.2%, and 33.3%, respectively). The most common solicited
systemic events across mRNA-1777 (V171) treatment groups
were fatigue, generalized myalgia, headache, and malaise.

In the older adult group overall, the proportion of partici-
pants who reported solicited systemic AEs was higher in the
300 pg treatment group (91.3%) than in the 25 ug, 100 pg,
200 pg and placebo treatment groups (55.6%, 70.8%, 62.5%,
and 37.0%, respectively). The most common solicited systemic
events across mRNA-1777 (V171) treatment groups were fati-
gue, generalized myalgia, headache, and malaise.

In the younger adult group, all of the reported solicited
systemic adverse events were Grade 1 or Grade 2 with the
exception of 1 younger adult participant in the 200 ug
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Figure 3. Solicited Injection-Site Adverse Events. Adverse events collected Days 1-7 post-vaccination from the safety set is shown with grade level. The height of the
stacked bar represents the total percentage of participants reporting the adverse event. The grade levels within the bar indicate the proportion of the total attributed to

each.
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Figure 4. Solicited Systemic Adverse Events. Solicited Systemic Adverse events collected Days 1-7 post-vaccination from the safety set is displayed as the percentage of
participants reporting each adverse event. The height of the stacked bar represents the total percentage of participants reporting the adverse event. The grade levels

within the bar indicate the proportion of the total attributed to each.

treatment group reporting Grade 3 malaise (Supplemental
Table 4). In the older adult group, all but one of the Grade 3
events were reported by participants in the 300 pg treatment
group: fatigue in 6 (26.1%), myalgia in 1 (4.3%), headache in 4
(17.4%) and malaise in 6 (26.1%), nausea in 1 (4.3%), and chills
in 2 (8.7%). One (4.3%) participant in the 100 ug mRNA-1777
(V171) treatment group reported Grade 3 fatigue. No Grade 4
solicited systemic adverse events were reported in the study
(Supplemental Table 4).

Unsolicited treatment-emergent adverse events

Unsolicited TEAEs were collected from Days 1 to 90. In the
younger adults, 66.7%, 33.3%, and 66.7% of participants, in the
25 pg, 100 pg, and 200 uyg mRNA-1777 (V171) groups, respec-
tively, and 61.1% in the placebo group reported an unsolicited
treatment-emergent adverse event. Overall, in the younger
adults, all of the reported unsolicited TEAEs from mRNA-
immunized participants were of Grade 1 and Grade 2 toxicity.

In the older adults, 77.8%, 66.7%, 70.8%, and 60.9% in the
25 pg, 100 pg, 200 pg, and 300 ug mRNA-1777 (V171) groups,
respectively, and 63.0% in the placebo group reported an
unsolicited TEAE. Overall, most of the unsolicited TEAEs,
regardless of relationship to treatment, were of Grade 1 or
Grade 2 toxicity. Grade 3 unsolicited TEAEs were reported
by 22.2%, 8.3%, 12.5%, and 8.7% in the 25 pg, 100 ug, 200 ug,
and 300 uyg mRNA-1777 (V171) groups, respectively, and 3.7%
in the placebo group. Grade 4 unsolicited TEAEs were reported
by 2 (2.5%) participants in the 200 pg mRNA-1777 (V171)

group and included prothrombin time prolonged (treatment-
related) and hyperbilirubinemia (not related to treatment).

In both the younger and older adult groups, there were no
clinically relevant changes from baseline in vital sign measure-
ments observed and no clinically relevant changes were gen-
erally observed for hematology and coagulation, serum
chemistry, or urinalysis results. Dose-dependent increases
from baseline in mean bilirubin, C-reactive protein, leukocyte,
and neutrophil levels were observed on Day 2 in vaccinated
subjects and generally returned to baseline by Day 8.

RSV A and B serum neutralization

RSV neutralization titers were evaluated for the two RSV sub-
types A and B through one-year post-vaccination (Figure 5). As
the majority of the general adult population has some level of
serum neutralization activity due to past infections, the base-
line RSV neutralization titers were measured and the postvac-
cination GMFI from baseline were calculated (Figure 5(c).

In the younger adults, a GMT dose response was observed
for RSV A across the 25 pg, 100 ug, and 200 pg groups, with
peak responses generally ranging from Days 29 to 90 (Figure 5
(a), Supplemental Table 5). Throughout this report, the term
peak is defined as the highest observed value across the time
points sampled.

In the older adults, an RSV A dose-response in GMT was
observed across the 25 pg, 100 ug, 200 pg, and 300 ug groups,
with peak responses generally ranging from Days 29 to 60
Figure 5(a), Supplemental Table 5). In contrast, the groups
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B (Panel D) by time. Per-protocol population is shown. Error bars represent the 95% confidence intervals.

receiving placebo displayed minimal variation in RSV A GMT
over the course of the year (Figure 5(a), Supplemental Table 5).

A dose-response in the RSV A GMFI was observed in the
younger adult cohort (Figure 5(c)). The peak GMFI was
2.5-fold for the 25 pg dose, 2.9-fold for the 100 ug group and
3.9-fold for the 200 pg group (Figure 5(c), Supplemental
Table 6). In the older adults, peak GMFI for RSV A was
3.5-fold for the 25 pg dose group, 4.3-fold for the 100 pg,
3.0-fold for the 200 pg group and 3.6-fold for the 300 pg
group (Figure 5(c), Supplemental Table 6). In the placebo
groups, GMFIs remained relatively constant for RSV
A neutralization titers over the course of the year, ranging
from 1.1 to 1.6-fold for the younger adults and 0.9 to 1.2-fold
for the older adults.

Neutralization titers against RSV B were measured for all
visits for the 200 ug and placebo groups in younger adults, and
the 200 pg, 300 pg dose, and placebo groups in older adults
(Figure 5(b,d)), and only at Days 1 and 29 for the 25 pg and
100 pg groups (Supplemental Tables 5,6). Vaccination with
200 pg mRNA-1777 (V171) resulted in increased RSV
B neutralization GMT in the younger adults with a maximum
observed GMFI of 3.1-fold (Figure 5(b,d)). In the older adults,
vaccination with 200 pg or 300 pug of mRNA resulted in similar
peak GMTs and GMFIs (Figure 5(b,d)). The younger and older
adult groups receiving placebo displayed minimal variation in
RSV B titers over all timepoints, with GMFI ranging from 0.9
to 1.2 and 0.8 to 1.2-fold, respectively (Figure 5(d), Supp
Table 6).

Opverall, vaccination with mRNA-1777 (V171) increased
RSV A and B serum neutralization GMTs at all doses tested
in both the younger and older adults. Geometric mean titers
and GMFIs generally declined over time after Day 60; but
remained increased over baseline and placebo through at
least Day 180 in all mRNA-vaccinated groups (Figure 5).

RSV prefusion F serum antibody titers

Vaccination with mRNA-1777 (V171) increased prefusion
F-specific serum antibody titers in both the younger and
older adult groups (Figure 6). A dose-response was observed
across the 25 pg, 100 pg, and 200 pg dose groups in the GMT's
over time for absolute serum antibody titers to RSV prefusion
F protein for both the younger and older adult groups (Figure 6
(a)). In the older adult group, a higher GMT was not observed
in the 300 ug dose group as compared to the 200 pug dose group.
The highest observed serum titers for both GMTs and GMFIs
ranged from Days 29 to Day 60 among all groups (Figure 6
(a,b)).

The highest observed GMFI for absolute serum antibody
titers to RSV prefusion F in younger adults were 1.8, 3.9, and
3.7-fold for 25 pg, 100 pg, and 200 pg, respectively (Figure 6
(b)), all at day 29. In the older adult cohort, the highest GMFI
were 1.7, 3.6, 3.5, and 4.5-fold for 25 pg, 100 pg, 200 pg and
300 pg, respectively (Figure 6(b)). In contrast, the GMFIs for
the placebo groups remained relatively flat over the year, with
GMFIs ranging from 1.0 to 1.3-fold across all timepoints in the
younger adults and 0.7 to 0.9-fold across all timepoints in the
older adult cohort (Figure 6(b)).

Palivizumab and D25 competing antibodies

The serum antibodies from immunized participants were eval-
uated for the ability to compete with the palivizumab or D25
antibody for binding to postfusion F or prefusion F proteins,
respectively. Palivizumab binds to an epitope on site II which is
present in both prefusion and postfusion forms of RSV
F protein, and D25 specifically recognizes an epitope on site
@, which is only present in the prefusion conformation of the
protein.'” An increase in D25 competing antibody (DCA)
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Figure 6. Serum Antibody Titers to Prefusion F Protein. Serum antibody GMTs (Panel A) and GMFIs (Panel B) by time. Per-protocol population is shown. Error bars
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geometric mean concentration (GMC) was detected after
immunization with mRNA-1777 (V171) at all doses tested in
both the younger and older adults (Supplemental Figure 1A).
DCA in the younger adults increased 2.2, 3.7, and 3.7-fold over
Day 1 for the 25 pug, 100 pg, and 200 pg groups, respectively at
the peak (Day 29) (Figure 7(a)). In older adults, the DCA
GMFIs were 2.4, 3.3, 3.4, and 4.1-fold for the 25 pg, 100 pg,
200 pg, and 300 pg groups, respectively at peak (Day 29). The
placebo groups displayed minimal variation over all timepoints
ranging from 0.8 to 1.1-fold in the younger adults and 0.7 to
1.0-fold in the older adults.

Palivizumab competing antibody (PCA) GMFIs and GMCs
in the mRNA-vaccinated groups were numerically lower as
compared to the DCA levels (Figure 7, Supplemental
Figure 1). Palivizumab competing antibody GMCs increased
in all mRNA dose groups, generally peaking from Day 29 to
Day 90 (Supplemental Figure 1). In the younger adults, PCA
GMFIs were 1.6, 1.8, and 1.7-fold for the 25 pg, 100 pg, and
200 pg groups, respectively, at the peak (Day 29). In the older
adults PCA GMFIs were 1.5, 1.8, 1.5, and 1.7-fold for the 25 pg,
100 pg, 200 pg, and 300 pg groups, respectively, at the peak
time points (Figure 7(b)). The placebo PCA GMFIs remained
relatively flat over all time points tested, ranging from 0.8 to
1.1-fold in the younger adults and 0.8 to 1.1-fold in the older
adult group.

Cell-mediated immunogenicity

T-cell responses to RSV Fusion protein were assessed using
IFN-y ELISPOT and intracellular cytokine staining assay
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(Figures 8 and 9). All dose groups in both the younger and
older adults showed an increase in the mean ELISPOT on Day
15 compared to placebo with no apparent dose-response
(Figure 8(a,b)). Mean ELISPOT responses remained increased
at Day 60 in the 100, 200, and 300 pg dose groups.

Results from the intracellular cytokine staining assay
demonstrated a dose-response across the 25 g, 100 pg, and
200 ug dose groups in the GM of % CD4 T cells positive for
IFN-y, IL-2 and TNF-a in the younger adult group at Day 15,
and to a lesser extent at Day 60 (Figure 9(a)). In the older
adults, the mean % CD4 T cells expressing IFN-y, IL-2 and
TNF-a increased at Day 15; however, a dose-response was not
apparent (Figure 9(b)). CD8 T cell responses were not detected
overall in any of the dose groups in either younger or older
adults (Supplemental Figure 2).

Discussion

This first-in-human study of mRNA-17777 (V171) showed
that at dose levels up to 300 pg, the mRNA-1777 (V171)
vaccine was generally well tolerated. No SAEs related to study
vaccine were reported. A few of the solicited injection-site AEs,
such as tenderness to touch and injection site pain were more
frequently reported in the mRNA treated groups versus pla-
cebo. Participants in the mRNA treated group also reported
solicited systemic AEs more frequently as compared to pla-
cebo. The vast majority of all AEs from mRNA treated parti-
cipants were transient Grade 1 or 2 events. These safety results
are similar to findings from other reports of mRNA
vaccines.”™”! The safety profile observed in the current study
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Figure 7. D25 and Palivizumab Competing Antibodies. Geometric fold increases (GMFI) in D25 (Panel A) or palivizumab competing antibodies (Panel B) over baseline
levels by time. Per-protocol population is shown. Error bars represent the 95% confidence intervals.
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supports continuing the clinical evaluation of this or other RSV
mRNA vaccines.

This study also demonstrates the ability of the investiga-
tional vaccine to increase humoral and cellular immunity
against the RSV F protein in healthy younger and older adults.
Although a correlate of protection against RSV disease in
adults has not yet been established, it is accepted that
a desirable vaccine candidate should increase RSV-
neutralizing titers against both the RSV A and B subtypes.'®

In the current study, the highest observed GMFI in RSV
A neutralization titers was at day 29 and ranged from 2.5 to
3.9-fold across the 25 pg, 100 pg, and 200 pg dose levels in the
younger adults and 3.0 to 4.3-fold across the 25 pg, 100 pg,
200 pg and 300 pg dose levels in the older adults. For RSV
B neutralizing antibody response, the highest observed GMFI
was also at day 29 and was 3.1-fold (200 pg) in the younger
adults and 3.1-fold (200 pg) and 2.9-fold (300 pg) in the older
adults. Furthermore, neutralization antibody GMTs and
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GMFIs remained increased over baseline and placebo through
at least Day 180 in all mRNA-1777 (V171) treatment groups.

Vaccination with mRNA-1777 (V171) also increased prefu-
sion F-specific serum antibody titers and the levels of antibo-
dies which compete with D25 for binding to prefusion
F protein. While site @ and site II are both expressed on the
prefusion F protein, studies of adult antibody repertoire to
natural infection have shown that antibodies targeting site @
are more abundant and more potent overall as compared to
those targeting site I1.>>>® Therefore, it is not surprising that
immunization with a prefusion encoding mRNA vaccine
increased the competing antibodies to both sites, with numeri-
cally higher concentrations and GMFI in DCA as compared to
PCA. Increased T-cell responses to RSV F were also detected in
the mRNA-vaccinated groups relative to respective baseline as
well as levels in the placebo group. Intracellular cytokine stain-
ing showed that the response was predominantly from the CD4
T cell subset, which differs from the preclinical results from
similar vaccine candidates tested in mice, where potent CD4
and CD8 T cell responses were identified.*®

Although this study was not designed to compare immuno-
genicity responses between the older and younger adults, the
humoral and cellular immunogenicity appeared to be generally
similar between the two age groups. This is an important
observation given that one of the target groups for this vaccine
are older adults, a population that demonstrates reduced or
poor immune responses to some vaccines.’”*® This phenom-
enon has been attributed to general immune function decline
with age.” Here we are limited by the size of the study and
larger evaluations would be required to fully characterize the
immunogenicity in this age group, particularly those with
comorbidities that might impact vaccine responses.

Recently there have been several other clinical trials with
various investigational vaccines containing RSV prefusion-
F-stabilized immunogens conducted in healthy adults. Direct
comparison to these data is limited by differences in assays
utilized and cohort demographics across studies. The WHO
has recently established an international standard for anti-
serum to RSV;* however, the testing for the current study
and most published RSV vaccine trials began prior to the
integration of this standard into the assays. Taking these lim-
itations into account, results can be generally compared by
viewing fold changes in neutralization titers before and after
vaccination. This method for comparison when two (or more)
assays are involved makes three key assumptions: (1) that the
within-participant increase (ratio) in assay value is an appro-
priate metric for their likely level of protection by the vaccine
(or at least for the strength of their response), (2) that such
ratios can be compared between participants (i.e. that
a fourfold increase has a similar meaning in two participants),-
*!'and that a calibration curve for one assay against the other
(i.e. the scatter of points obtained from repeatedly measuring
in both assays samples with a wide range of titers) would be
sufficiently close to linear.

There have been a few relevant studies in recent years
evaluating RSV prefusion F vaccine candidates in adults with
the goal of development for use in older adults or for maternal
vaccination to protect infants. In a study reported by
DeVincenzo et al., healthy adults aged 18-50 were immunized

with a recombinant adenoviral vector containing prefusion
F (Ad26.RSV.preF).”> At day 28 post-vaccination, the RSV
A ICs0 GMT in the Ad26 vaccinated group was approximately
5-to 6-fold higher than baseline (267 versus 1589). This study
preselected participants with the lowest 25% RSV titers at
baseline as part of the design of the human challenge study,
and the impact of such pre-selection on fold change in GMFI is
not well understood. The Ad26.RSV.preF vaccine was also
evaluated in a phase 1 study of adults 260 years old, and
induced 2.3-fold (5 x 10'° viral particles) and 3.1-fold increase
(1x 10 ' viral particles) in RSV A neutralization GMTs from
baseline to day 28 after a single dose.*?

Several recombinant protein-based prefusion
F investigational vaccines have also been evaluated. Langley
et al. reported an increase in RSV A neutralization titers ran-
ging from 3.2 to 4.9-fold after vaccination with investigational
prefusion F protein subunit vaccines (with or without alum
adjuvant) in a phase I study in healthy adult men ages 18-44.>°
Additionally, Beran et al. described two phase II studies of
RSV-prefusion F protein subunit vaccines (with and without
alum adjuvant) in healthy adult women ages 18-45>". Across
both of those studies, a range of 3.1 to 3.9 fold ratio in GMT
neutralizing titer from baseline to day 30 post-vaccination was
reported.”’ More recently, an interim analysis was released
from an ongoing study in healthy women aged 18-85 for
three formulations of subunit prefusion RSV vaccines (with
and without alum) demonstrating a geometric mean fold rise
of 7.2 to 10.6 for RSV A neutralization and 10.4 to 19.8 for RSV
B neutralization at day 30 post-vaccination.?” Lastly, Crank, et
al. reported an analysis of immunogenicity from VRC-317,
a phase 1 study of a prefusion F subunit protein vaccine
candidate in healthy adults 18-50 years of age. The results
showed a greater than 10-fold change in RSV A neutralizing
antibody levels (week 4 over baseline), and greater than nine-
fold for RSV B at the 150 ug dose levels. The VRC-317 vaccine
candidate contains a soluble version of DS-Cav-1 prefusion
F while the DS-Cav-1 in mRNA-1777 (V171) is membrane
associated; it is currently unknown if, or to what extent, this
contributes to the level of immunogenicity observed in the
respective studies. The relative contribution to efficacy of any
differences in the magnitude and durability of neutralizing
antibodies, or other immune responses elicited, such as anti-
gen-specific CD4 or CD8 T-cell responses across RSV
F vaccine candidates remains to be determined.

There are a number of limitations to the current study.
The safety assessments are primarily limited by study size and
larger sample sizes will be needed to better understand the
complete safety profile of this mRNA vaccine. The increased
AEs observed in the vaccinated group as compared to placebo
were primarily solicited reactogenicity events typical of vac-
cines. We are unable based on this study design to attribute
them to the mRNA, lipid nanoparticle or the in-situ produc-
tion of the RSV F protein. In terms of immunogenicity
analysis, a precise correlate of protection for RSV in adults
has not been established. Here, we have measured both
humoral and T cell-mediated immunity, each of which may
contribute to protection. The study enrolled a high percen-
tage of males, particularly in the younger group due to the
exclusion of women with childbearing potential. Additionally,



there was a majority of white participants due to the demo-
graphics of the population where the study took place. It is
unknown what the effect of ethnicity or gender is on the
immunogenicity or safety due to the size of this study and
thus larger and more diverse studies will be required to
evaluate the impact of these factors.

Overall, this first-in-human study demonstrated that
mRNA-V177 (V171) increased RSV F specific humoral and
cellular immunity in younger and older healthy adults and was
generally well tolerated. These results support additional stu-
dies with mRNA-based prefusion F vaccines optimized for
immunogenicity for the prevention of RSV infection in vulner-
able adult populations.
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Appendix A. Study Inclusion Criteria

Each participant must meet all of the following criteria to be enrolled in
this study:

1. The subject is male or female (nonchildbearing potential) between 18
and 49 years of age (inclusive; Part A) or between 60 and 79 years of age
(inclusive; Part B) at Screening.

2. Female participants of nonchildbearing potential are defined as:
postmenopausal (defined as amenorrhea at least 12 consecutive months
and documented plasma follicle-stimulating hormone [FSH] level at or
above the postmenopausal level) or surgically sterile (i.e., hysterectomy,
bilateral tubal ligation, or bilateral oophorectomy). NOTE: These proce-
dures must be confirmed with medical records.

3. Male participants agree to use appropriate contraception for sexual
intercourse up throughl month post vaccination.

4. The subject has a body mass index between 18 and 32 kg/m2,
inclusive, at Screening. Body mass index will be calculated using the
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following formula: body weight (kg)/(height [m]2). The numerical result
will be rounded to the nearest 0.1.

5. The subject is considered by the investigator to be in good general health
as determined by medical history, clinical laboratory assessments, vital sign
measurements, 12-leadelectrocardiograms (ECGs), and physical examination
findings at Screening. With regard to liver function tests at Screening: ALT
and AST must be equal to or below 1.5 x upper limit of normal (ULN). If ALT
and AST levels are between 1.0 x and 1.5 x ULN, the blood glucose level must
also be equal to or below the ULN. Alkaline phosphatase and direct bilirubin
must be equal to or below the ULN. Total bilirubin may be up to 2 x ULN as
long as direct bilirubin is equal to or below the ULN.

6. The subject agrees to comply with all protocol requirements.

7. The subject agrees to comply with the study restrictions.

8. The subject is a nonsmoker and/or has not used nicotine or nicotine-
containing products (e.g., nicotine patch) for at least 4 weeks prior to
Screening.

9. The subject understands the study procedures and agrees to participate
by providing written informed consent (including Future Biomedical
Research) before any study procedures, including Screening, are performed.

10. The subject has access to consistent and reliable means of telephone
contact, which may be in the home, workplace, or by personal mobile
electronic device.

11. The subject agrees to stay in contact with the study site for the
duration of the study, to provide updated contact information as neces-
sary, and has no current plans to move from the study area for the
duration of the study.

Appendix B. Study Exclusion Criteria

Subjects meeting any of the following criteria will be excluded from the
study:

1. The subject is mentally or legally incapacitated, has significant psy-
chological disorder at the time of screening or expected during the con-
duct of the study, or has a history of clinically significant psychiatric
disorder within the last 5 years. Subjects who have had situational depres-
sion may be enrolled in the study at the discretion of the investigator.

2. The subject has any ongoing, symptomatic acute or chronic illness
requiring medical or surgical care; asymptomatic conditions or findings or
conditions (e.g., mild hypertension, dyslipidemia) that are not associated
with evidence of end-organ are not exclusionary provided that they are
being appropriately managed and are clinically stable (i.e., unlikely to
result in symptomatic illness within the time-course of this study), in
the opinion of the investigator. An exception is symptomatic osteoarthri-
tis, which is permitted as long as surgery is not anticipated during the
study. Note that illnesses or conditions may be exclusionary, even if
otherwise stable, due to therapies used to treat them, at the discretion of
the investigator.

3. The subject has a history of diabetes, including a fasting blood glucose
greater than 125 mg/dL (7 mmol/L) at Screening.

4. The subject has a fasting blood glucose above the ULN but below
125 mg/dL (7 mmol/L) and a hemoglobin Alc above the ULN at
Screening.

5. The subject has a history of active cancer (malignancy) in the last
10 years. Exception is subjects with adequately treated non-melanomatous
skin carcinoma, who may participate in the study.

6. The subject has participated in another investigational study invol-
ving any investigational product (i.e., study drug, biologic, device) within
30 days, or 5 half-lives of the investigational product, whichever is longer,
before dose administration.

7. The subject has previously participated in an investigational study
involving LNPs.

8. The subject has a history of Guillain-Barré syndrome.
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9. The subject has a history of narcolepsy.

10. The subject has any known or suspected autoimmune disease or
immunosuppressive condition, acquired or congenital, as determined by
medical history and/or physical examination.

11. The subject has had chronic (defined as more than 14 continuous
days) or current administration of a systemic immunosuppressant or
other immune-modifying drug, including any dose of oral corticosteroids,
within 6 months prior to dose administration (Day 1). The use of topical,
inhaled, and nasal glucocorticoids will be permitted.

12. The subject received immunoglobulins and/or any blood products
within the 3 months preceding the administration of the study drug or at
any time during the study.

13. The subject has any acute illness at the time of enrollment (defined
as the presence of a moderate or severe illness with or without fever, or an
oral temperature >38.0°C on the planned day of dose administration).

14. The subject has any significant disorder of coagulation requiring
ongoing treatment, or a history of either more than 1 deep vein throm-
bosis or pulmonary embolism, or a single deep vein thrombosis or pul-
monary embolism in the past 5 years. Subjects receiving prophylactic
aspirin (<150 mg/day), and without clinically apparent bleeding tendency,
are eligible.

15. The subject has a history of asthma or allergic asthma in the past
5 years.

16. The subject has a history of multiple significant and/or severe
allergies (e.g., food, drug, latex allergy), or has had an anaphylactic reac-
tion or significant intolerability to prescription or nonprescription drugs,
food, or vaccine.

17. The subject is expected to be receiving or is currently receiving
antipyretic or analgesic medication on a daily or every other day basis
from randomization through Day 8 (a daily dose of <150 mg of aspirin
given under the guidance of a physician is not a contraindication to
enrollment). For all analgesics and antipyretics, including a daily dose of
aspirin <150 mg, a washout of 3 days will be required before dose
administration.

18. The subject has a reported or documented history of alcohol abuse
or drug addiction or nonmedicinal recreational drug use (excluding non-
prescription health supplements and herbal remedies) within 1 year before
the planned day of dose administration.

19. The subject has a positive test result for drugs of abuse, cotinine, or
alcohol at Screening or before dose administration (Day 1).

20. The subject has any abnormality or permanent body art (e.g., tattoo)
that would obstruct the ability to observe local reactions at the injection
site (deltoid region).

21. The subject has any condition that, in the opinion of the investi-
gator, would pose a health risk to the subject if enrolled or could interfere
with evaluation of the study drug or interpretation of study results
(including neurologic or psychiatric conditions deemed likely to impair
the quality of safety reporting).

22. The subject received any other licensed vaccines (inactivated or live
vaccines) within 4 weeks prior to dose administration or who are planning
to receive any vaccine within 4 weeks from dose administration.

23. The subject has any unstable chronic medical condition, including
one that has resulted in change in therapy (medication or other) in the
30 days prior to randomization or hospitalization in the previous year or
might be predicted to result in hospitalization in the year after enrollment.
Subjects with severe, untreated, or uncontrolled underlying medical dis-
ease that might either compromise subject safety or affect the ability to
assess safety of the investigational product are excluded.

24. The subject has a positive test result for hepatitis B surface antigen,
hepatitis C virus antibody, or human immunodeficiency virus types 1 or 2
antibodies at Screening.

25. The subject has donated blood or blood products >450 mL within
30 days of dosing.
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