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ABSTRACT

There is an unmet medical need for vaccines to prevent dengue. V180 is an investigational recombinant
subunit vaccine that consists of truncated dengue envelope proteins (DEN-80E) for all 4 serotypes. Three
dosage levels of the tetravalent DEN-80E antigens were assessed in a randomized, placebo-controlled,
Phase | dose-escalation, first-in-human proof-of-principle trial in healthy, flavivirus-naive adults in
Australia (NCT01477580). The 9 V180 formulations that were assessed included either ISCOMATRIX™
adjuvant (2 dosage levels), aluminum-hydroxide adjuvant, or were unadjuvanted, and were compared to
phosphate-buffered saline placebo. Volunteers received 3 injections of assigned product on a 0, 1,
2 month schedule, and were followed for safety through 1 year after the last injection. Antibody levels
were assessed at 6 time-points: enrollment, 28 days after each injection, and 6 and 12 months Postdose
3 (PD3). Of the 98 randomized participants, 90 (92%) received all 3 injections; 83 (85%) completed 1-year
follow-up. Immunogenicity was measured by a qualified Focus Reduction Neutralization Test with a 50%
neutralization cutoff (FRNT5o). All 6 V180 formulations with ISCOMATRIX™ adjuvant showed robust
immunogenicity, while the 1 aluminum-adjuvanted and 2 unadjuvanted formulations were poorly
immunogenic. Geometric mean antibody titers generally declined at 6 months and 1 year PD3. All 9
V180 formulations were generally well tolerated. Formulations with ISCOMATRIX™ adjuvant were
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associated with more adverse events than aluminum-adjuvanted or unadjuvanted formulations.

Introduction

Dengue is an important cause of human morbidity and mor-
tality. Over 140 countries have epidemic or endemic dengue
transmission. Of the estimated 3.97 billion people living in
tropical or subtropical areas where transmission occurs, den-
gue viruses are estimated to infect ~390 million annually,
resulting in ~96 million symptomatic cases, including
~500,000 with severe disease and ~22,000 deaths.'”

Dengue infection may be caused by any of 4 virus sero-
types (DENV-1, DENV-2, DENV-3, and DENV-4), leading to
a range of clinical findings: inapparent or mild febrile illness,
classic dengue fever (DF), and the life-threatening conditions
of dengue hemorrhagic fever (DHF) and dengue shock syn-
drome (DSS)."* DF, although less severe than DHF or DSS, is
associated with a substantial burden of illness."” Treatment of
dengue is limited to supportive therapy.

Currently, one dengue vaccine, Dengvaxia™ (Sanofi
Pasteur, Lyon, France), has been licensed in some countries
for the prevention of dengue disease caused by any of the 4
serotypes among persons 9 to 45 years old.* Recently
reported data showed that Dengvaxia™ performs differently
by baseline serostatus: compared with baseline seropositive

individuals, those who were seronegative at baseline had
both a lower vaccine efficacy against virologically con-
firmed symptomatic dengue in the 25 months after the
first vaccine dose, and an increased risk of hospitalized
dengue and severe dengue beginning about 30 months
after the first dose.* Based on these findings, the World
Health Organization Strategic Advisory Group of Experts
has recommended that countries considering vaccination
with Dengvaxia™ as part of their dengue-control program
implement a pre-vaccination screening strategy, in order to
limit vaccination to dengue-seropositive persons.* To
address the remaining unmet medical need, a number of
candidate dengue vaccines with the potential for broader
use are in development.

V180 is a candidate vaccine comprised of recombinant subunit
proteins utilizing 80% of the envelope glycoprotein (DEN-80E) of
the 4 dengue virus strains.” Immunogenicity and efficacy of the 4
DEN-80E proteins were demonstrated in preclinical models with
a variety of adjuvants, including aluminum hydroxide
Alhydrogel™ (Brenntag Biosector, Frederikssund, Denmark) and
the investigational saponin-based ISCOMATRIX™ adjuvant (CSL
Behring, King of Prussia, PA, USA).>"®
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Results The first, second, and third injections of trial product
were received by 98 (100%), 94 (96%), and 90 (92%) of
randomized participants, respectively (Figure 1). Overall, 83
Among the 98 adults who were randomized into the trial, 57 (85%) participants completed the trial. Participants who
(58%) were female, 92 (94%) were white, and the mean age was received < 3 injections or who discontinued during long-
27 years (range, 18 to 48 years). The gender, race/ethnicity, and term follow-up were distributed across the V180 and pla-
age distributions were generally consistent across the treatment cebo groups, with no preponderance in any group (data not

Participant demographics and accounting

groups (data not shown). shown).
All Screened Subjects] ( Not Randomized
N=188 ) L N=90
e | N N | N
Randomized Randomized Randomized
Low-Dose Cohort Medium-Dose Cohort High-Dose Cohort
L N=23 ) L N=42 ) U N=33 )
( Received: N ( Received: N ( Received: A
Injection 1: n=23 Injection 1: n=42 Injection 1: n=33
Injection 2: n=22 Injection 2: n=39 Injection 2: n=33
Injection 3: n=22 Injection 3: n=37 Injection 3: n=31
N\ | J | J | J
s N N N
Primary Study Period: Primary Study Period: Primary Study Period:
Completed: n=22 (95.7%) Completed: n=37 (88.1%) Completed: n=30 (90.9%)
Did not complete: n=1 Did not complete: n=5 Did not complete: n=3
 Entered Long-Term  Entered Long-Term * Entered Long-Term
Follow-Up: n=0 Follow-Up: n=17 (2.4%) Follow-Up: n=251(6.1%)
* Discontinued: n=1* (4.3%) * Discontinued: n=4* (9.5%) * Discontinued: n=1" (3.0%)
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Figure 1. Participant disposition.

Primary study period extended from receipt of the first injection through 28 days after the last injection.

Completed primary study period means participant received all 3 injections and completed 28 days of safety and immunogenicity follow-up after each injection.
Long-term follow-up period extended from the end of the primary study period through 1 year after the last injection. Participants who entered long-term follow-up
included those who completed the primary study period, and those who did not receive all 3 injections during the primary study period and agreed to participate in
long-term follow-up.

Completed long-term follow-up means participant completed the long-term follow-up visits at 6 months and 1 year following the last injection.

Completed trial means completed long-term follow-up.

* Participant withdrew consent for participation for personal reasons after receiving 1 injection.

T Investigator discontinued participant’s dosing after 1 injection due to adverse events of arthralgia (left knee and ankle) and injection-site swelling; participant
completed long-term follow-up and the trial.

¥4 participants withdrew consent for participation for personal reasons: 2 after receiving 1 injection, and 2 after receiving 2 injections.

$ Participant received 3 injections but did not complete the primary study period prior to completing 28 days of primary safety follow-up due to relocating
internationally. Participant completed long-term follow-up via telephone contacts, and thus completed the trial.

¥ Participant received 2 injections; the third injection could not be administered due to receipt of medically-necessary vaccines outside of the protocol. The
r)articipant agreed to enter long-term follow-up, but was lost during this period.

| Participant was lost to follow up after receiving 2 injections.
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Figure 2. Neutralizing antibody kinetics: GMTs through 1 Year postdose 3 (per-protocol population).

DENV = Dengue Virus; GMT = Geometric Mean Titer; Panel A: Low-Dose V180 Cohort; Note: The arrows indicate when the study product (V180/placebo) was administered. Some
data points for unadjuvanted V180 are < 10, and hidden by the placebo arm. Study Month 3 is 28 days Postdose 3; Panel B: Medium-Dose V180 Cohort; Note: The arrows
indicate when the study product (V180/placebo) was administered. All data points for unadjuvanted V180 and some data points for the V180 with Alhydrogel are < 10, and
hidden by the placebo arm. Study Month 3 is 28 days Postdose 3; Panel C: High-Dose V180 Cohort; Note: The arrows indicate when the study product (V180/placebo) was
administered. Some data points for unadjuvanted V180 are < 10, and hidden by the placebo arm. Study Month 3 is 28 days Postdose 3
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Figure 3A. Proportions of participants with a tetravalent response, by study month (per-protocol population).

Note: The arrows indicate when the study product (V180/placebo) was administered. The 0% data points for groups other than placebo are hidden by the placebo
group. Tetravalent Response = FRNTS;, titers >10 for all 4 DENV serotypes.Study Month 3 is 28 days Postdose 3.
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Figure 3B. Proportions of participants with a tetravalent response, by study month (per-protocol population).

Note: The arrows indicate when the study product (V180/placebo) was administered. The 0% data points for groups other than placebo are hidden by the placebo
group. Tetravalent Response = FRNTS;, titers >10 for all 4 DENV serotypes.Study Month 3 is 28 days Postdose 3.

Immunogenicity
Virus-neutralizing antibody

Immunogenicity was measured by a qualified Focus
Reduction Neutralization Test with a 50% neutralization cut-
off (FRNTS5,). The protocol-specified criterion for a positive
immune response, applied to each formulation, was that at
28 days PD3, at least 3 serotypes would have an FRNT5,
seroconversion rate (SCR) of 275%. Serotype-specific sero-
conversion rates (SCRs, the proportion of participants with
an FRNT5, titer 210) and geometric mean titers (GMTs) for
each treatment group were summarized at 28 Days Postdose 3
(Table 1). Each of the 6 V180 formulations containing
ISCOMATRIX™ adjuvant met the pre-specified definition of
a positive immune response, with seroconversion rates of
285.7% for all 4 dengue serotypes; GMTs ranged from 73 to
1344. Within each V180 dose level, GMTs were slightly higher
(within 2-fold) for formulations with 60 ISCO™ units than
formulations with 30 ISCO™ units. In contrast, for a given
dose level of ISCOMATRIX™ adjuvant, GMTs did not

increase with increasing doses of V180 antigen. The med-
ium-dose V180 formulation with Alhydrogel™ and the unad-
juvanted high-dose V180 formulation did not meet the pre-
specified definition of a positive immune response, but
showed limited evidence of immunogenicity for all 4 sero-
types: SCRs ranged from 14.3 to 62.5%, while GMTs ranged
from <10 to 20. There was no detectable immune response in
the unadjuvanted medium-dose V180 group or the placebo
group. In each formulation with an immune response, the
lowest GMTs were observed for DENV4.

Within each V180 dose cohort, formulation-specific GMTs
were plotted by time (Figure 2A, B, and C). In accordance
with the protocol, all participants were seronegative at base-
line. All 6 V180 formulations with ISCOMATRIX™ adjuvant
had similar profiles: GMTs increased by Month 2 (28 Days
Postdose 2), increased further by Month 3 (28 Days Postdose
3), and then declined over time through Month 14 (1 Year
Postdose 3), remaining generally above baseline for DENV1,
DENV2, and DENV3, and generally returning to baseline for
DENV4. During long-term follow-up, GMTs generally
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Figure 4. Induction of B-cell memory to each of the four DENV serotypes in a subset of 18 high-dose cohort subjects who received 3 injections of study product
(vaccine/placebo).

Blood samples to assess B-cell memory were collected at 2 time points (at Study Month 0 immediately before the first injection, and at Study Month 3 [28 days
Postdose 3]) in 18 high-dose cohort participants: 5 recipients of V180 with 30 ISCO™ units of ISCOMATRIX™ adjuvant, 5 recipients of V180 with 60 ISCO™ units of
ISCOMATRIX™ adjuvant, 5 recipients of unadjuvanted V180, and 3 placebo recipients.

Panel A: Change in Proportion of Dengue-specific memory B cells from Study Month 0 (prevaccination baseline) to Study Month 3 (28 days Postdose 3)

Note: Each line represents the data for 1 participant

Panel B: Dengue-specific memory B cell frequencies at Study Month 3 (28 days Postdose 3)

Note: ASC = antibody secreting cells

Table 2. Incidence of injection-site adverse events days 1 through 5 after any injection, by treatment type.

Unadjuvanted
V180 with ISCOMATRIX™ adjuvant (30 or 60 ISCO™ units) V180 with Alhydrogel™ (225 pg aluminum) V180 Placebo
N =53 N=9 N=18 N=18

Adverse Event n (%) n (%) n (%) n (%)

Injection Site, Any 52 (98%) 6 (67%) 7 (39%) 5 (28%)

Pain/tenderness’, Any 52 (98%) 6 (67%) 7 (39%) 3 (17%)
Pain/tenderness®, 5 (9%) 0 (0%) 0 (0%) 0 (0%)
Severe*

Erythema, Any 37 (70%) 3 (33%) 3 (17%) 1 (6%)
Erythema =5 cm* 21 (40%) 0 (0%) 1(6%) 0 (0%)
Erythema >10 cm® 7 (13%) 0 (0%) 1 (6%) 0 (0%)

Swelling, Any 31 (58%) 2 (22%) 2 (11%) 1 (6%)
Swelling =5 cm® 13 (25%) 0 (0%) 0 (0%) 0 (0%)
Swelling > 10 cm® 5 (9%) 0 (0%) 0 (0%) 0 (0%)

* The Vaccination Report Card captured this as injection-site “pain or tenderness”
* Intensity and size assessments reported by participant
NOTE: N = number of vaccinated participants; n = number of participants with event

remained higher in the 60 ISCO™ unit group than the 30 for some serotypes increased by Month 3, and then returned
ISCO™ unit group for the low-dose V180 cohort, but tended to baseline by Month 8 (6 Months Postdose 3).

to converge in the medium-dose and high-dose V180 cohorts. The proportions of participants exhibiting a tetravalent
For the medium-dose V180 formulation with Alhydrogel™ (FRNTs, titers 210 for all 4 dengue serotypes) or a 2trivalent
and the unadjuvanted high-dose V180 formulation, GMTs (FRNTsj titers 210 for 3 or 4 dengue serotypes) response are



shown by time in Figure 3A and B, respectively. Among the
ISCOMATRIX™ adjuvant groups, tetravalent responses were
observed in 71 to 88% at Month 2, 86 to 100% at Month 3, 43
to 72% at Month 8, and 0 to 43% at Month 14, while >triva-
lent responses were observed in 100% of recipients at Months
2 and 3, 57 to 100% at Month 8, and 29 to 86% at Month 14.
Tetravalent or >trivalent responses were exhibited by lower
proportions of recipients of medium-dose V180 with
Alhydrogel or high-dose unadjuvanted V180, and by no reci-
pients of medium-dose unadjuvanted V180. In the majority of
instances when participants had FRNT5, titers 210 for only 3
seotypes, DENV4 was the serotype with a titer <10.

Memory B-cell responses

Induction of B-cell memory to each of the four DENV ser-
otypes was observed in peripheral blood mononuclear cells
among all participants who received 3 injections of high-dose
V180 with ISCOMATRIX™ adjuvant (30 or 60 ISCO™ units) at
28 Days Postdose 3, the mean number of dengue-specific
memory B cells in these recipients had increased in frequency
by 1 to 2 logs over the pre-vaccination baseline (Figure 4A).
In contrast, the mean change ranged from a 0.4-log decrease
to 1-log increase among recipients of unadjuvanted high-dose
V180, and generally increased <1 log among placebo recipi-
ents. Among recipients of 3 injections of V180 with
ISCOMATRIX™ adjuvant, at 28 Days Postdose 3, dengue-
specific memory B cells comprised 0.1 to 3% of total IgG
secreting cells (Figure 4A), and the frequencies of dengue-
specific memory B cells appeared generally balanced across
the four dengue serotypes (Figure 4B).

Safety

All 9 V180 formulations were generally well tolerated. Participants
assessed the majority of adverse events (AEs) to be of mild or
moderate intensity. There were no serious AEs (SAEs) or deaths
during the trial.

The AE data for the individual V180 treatment groups revealed
clear trends by adjuvant type, but not by dose level of V180
antigen, dose level of ISCOMATRIX™ adjuvant, or among the 3
placebo groups. For this reason, AE data are summarized by
treatment type: V180 with ISCOMATRIX™ adjuvant (6 treatment
groups combined), V180 with Alhydrogel™ (1 treatment group),
unadjuvanted V180 (2 treatment groups combined), and placebo
(3 treatment groups combined). For all 4 treatment types, pain/
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tenderness was the most frequent injection-site AE, followed by
erythema and swelling (Table 2). V180 with ISCOMATRIX™
adjuvant was associated with a higher frequency of injection-site
AEs overall, injection-site AEs of erythema or swelling that were
25 cm or 210 c¢m, and a higher frequency of injection-site pain/
tenderness that participants assessed as severe (defined in the
protocol as the inability to do work or usual activities). V180
with ISCOMATRIX™ adjuvant was also associated with higher
frequencies of systemic AEs overall, and those assessed by the
investigator as related to study product (Table 3). Fever (tempera-
ture >38.0°C [100.4°F]) was reported in 5 (9%) ISCOMATRIX™
adjuvant recipients, 0 (0%) Alhydrogel™ recipients, 0 (0%) una-
dujuvanted recipients, and 1 (6%) placebo recipients.

The majority of AEs were assessed by the investigator
as Toxicity Grade 1 (mild) or 2 (moderate). Eleven (21%)
of recipients of V180 with ISCOMATRIX™ adjuvant
experienced a total of 18 Toxicity Grade 3 (severe) events
(Table 3), including 15 injection-site AEs (8 events of
erythema >10 cm, 6 events of swelling >10 cm, and 1
event of pain/tenderness) and 3 other events (1 each of
fatigue, fever, and headache) (See Supplemental Material
for the definitions of the Toxicity Grade 3 events). Of the
18 Grade 3 events among recipients of V180 with
ISCOMATRIX™ adjuvant, 9 events in 6 participants
occurred Postdose 2, and 9 events in 6 participants
occurred Postdose 3. No Grade 3 events occurred among
recipients of V180 with Alhydrogel™. One recipient (6%)
of unadjuvanted medium-dose V180 experienced 1 Grade
3 event of injection-site erythema >10 cm. All of the
Grade 3 events experienced by V180 recipients were
assessed by the investigator as related to study product.
One placebo recipient (6%) had a Grade 3 event of head-
ache, which the investigator assessed as not related to
study product. All Grade 3 events resolved completely.

The investigator discontinued dosing of 1 participant after
the first injection of medium-dose V180 with 30 ISCO™ units
of ISCOMATRIX™ adjuvant. This participant, who had a
medical history of left knee injury, experienced vaccine-
related Toxicity Grade 2 AEs of arthralgia (left knee and
ankle) and injection-site swelling.

Discussion

This trial assessed the magnitude and durability of the immune
response, and the number of dengue serotypes to which an

Table 3. Incidence of adverse events days 1 through 14 after any injection, by treatment type.

V180 with ISCOMATRIX™ adjuvant (30 or 60 ISCO™ V180 with Alhydrogel™ (225 pg Unadjuvanted

units) aluminum) V180 Placebo

N =53 N=9 N=18 N=18
Adverse Event n (%) n (%) n (%) n (%)
Injection Site, Any 52 (98%) 6 (67%) 7/18 (39%) 5/18
(28%)

Systemic, Any 50 (94%) 7 (78%) 12 (67%) 11 (61%)

Systemic, Related to study producfr 44 (83%) 7 (78%) 9 (50%) 10 (56%)
Toxicity Grade 3%, Any 11 21%) 0 (0%) 1 (6%) 1 (6%)
Toxicity Grade 3* Related to study 11 (21%) 0 (0%) 1 (6%) 0 (0%)

product’

T Adverse events assessed by the investigator as related to study product
*Toxicity Grade assigned by the investigator

NOTE: N = number of vaccinated participants; n = number of participants with event
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immune response was induced, following a 3-injection series of 3
dose levels of V180 formulated with or without adjuvant. The data
suggest that an adjuvant is needed for the immunogenicity of
V180 when used as a stand-alone vaccine, and that Alhydrogel™
with 225 pg elemental aluminum may not be sufficient for this
purpose. These findings are as expected for soluble subunit anti-
gens, and are consistent with the modest and short-lived immu-
nogenicity observed in the published clinical trial of monovalent
DENI-80E containing 1.25 mg of elemental aluminum as
Alhydrogel™” The lower aluminum dose selected for the present
study aligned with licensed Alhydrogel™-adjuvanted vaccines.”

All 6 V180 formulations with ISCOMATRIX™ adjuvant
met the protocol-specified criterion for a positive immune
response. The magnitude and persistence of the immune
response appeared to be driven more by the presence of
ISCOMATRIX™ adjuvant than by the dose level of V180 or
ISCOMATRIX™ adjuvant. The finding that, within each dose
level of ISCOMATRIX™ adjuvant, GMTs did not tend to
increase with higher V180 doses, is consistent with preclinical
data.>®'® The memory B-cell responses are consistent with
the neutralizing antibody results observed in these groups.

All V180 formulations in the present study included twice
the amount of the DEN4-80E component than the other 3
components. Despite this increased dosage, the neutralizing
antibody titers induced for DENV4 were generally lower and
less durable than for the other serotypes, although the mem-
ory B-cell responses were balanced across serotypes.

All 9 V180 formulations tested were generally well toler-
ated. No SAEs, Toxicity Grade 4 (life-threatening) events, or
deaths were reported. Evaluation of the safety profiles for each
of the treatment groups demonstrated clear differences by
adjuvant type (ISCOMATRIX™ adjuvant, Alhydrogel™, or
none), but not by the dosage level of V180 or
ISCOMATRIX™ adjuvant. Consistent with previous reports,
formulations with ISCOMATRIX™ adjuvant were associated
with an increased frequency of injection-site AEs, systemic
AEs, and fevers.'"'?> ISCOMATRIX™ adjuvant recipients also
experienced more frequent Toxicity Grade 3 (severe) events,
which all occurred either Postdose 2 or Postdose 3.

The immunogenicity assessments conducted during this trial
are limited by several factors. First, no correlate of protection has
been established for dengue. However, measuring virus neutraliz-
ing antibody provides a functional assay that may predict the
potential for protection.'>'* Second, the V180 formulations were
tested as a series of 3 injections administered 1 month apart.
Preclinical data suggest that a longer vaccination schedule might
induce higher and more durable antibody levels;® assessing this
possibility would require further study. Third, only flavivirus-
naive persons were eligible to participate in this trial; the need
for an adjuvant may be less in flavivirus-experienced populations.
Finally, the exploratory assessment of immune memory was con-
ducted in a small number of high-dose cohort participants, and
limited to B cells; more definitive conclusions will require larger
numbers of participants and a wider battery of tests, such as
memory T-cell assays, B- and T-cell subset analyses, and assess-
ment of antibody affinity.

The safety assessments conducted in this trial are primarily
limited by the small sample size. Larger sample sizes will be

needed to better understand the safety profile of any V180
formulations studied in the future.

The V180 vaccine construct includes a limited number of
T-cell epitopes, which reduces any potential contribution of
these epitopes to protection. Because partial and waning
immunity represent a theoretical risk for post-vaccination
enhancement of dengue disease, V180 as a stand-alone vac-
cine may not represent an optimal approach for protecting
against dengue disease. In a subsequent prime-boost study
(NCT02450838), adults who had previously received 1 or 2
doses of an investigational live-attenuated tetravalent dengue
vaccine and responded to at least 3 of the 4 vaccine serotypes
were administered a single dose of V180 (either unajuvanted
or adjuvanted with Alhydrogel™) as a booster. The V180
booster doses were immunogenic and generally well tolerated
in these dengue-experienced participants.'”

In summary, in a population of flavivirus-naive adults who
received 3 injections of V180 at 1-month intervals, V180
formulations with ISCOMATRIX™ adjuvant met the proto-
col-specified criterion for a positive immune response; anti-
body levels declined over time but generally remained above
baseline through 1 year after the third injection. Aluminum-
adjuvanted and unadjuvanted formulations were poorly
immunogenic, and did not meet the pre-specified criterion
of a positive immune response; titers generally declined to
baseline by 6 months Postdose 3.

All tested formulations were generally well tolerated.
Formulations with ISCOMATRIX™ adjuvant were more
often associated with AEs than aluminum-adjuvanted and
non-adjuvanted formulations.

Methods
Population

Flavivirus-naive, generally healthy adults 18 to 49 years old
were eligible for enrollment. In accordance with the protocol
(see Supplemental Material for additional details), prior to
receiving any study-related injections, all potential partici-
pants were screened by medical history, physical examina-
tion, and laboratory testing to ensure seronegativity for
flaviviruses at baseline (See Supplemental Material).
Exclusion criteria included pregnancy, known allergy to a
trial product component, known or suspected immunocom-
promising condition, pre-specified laboratory abnormalities,
hospitalization for acute illness < 3 months before enroll-
ment, and febrile illness < 72 hours before enrollment.

The protocol was conducted in accordance with principles of
Good Clinical Practice (GCP), including obtaining written
informed consent from each participant prior to study entry,
and was approved by the human studies committees of each
study site.

Vaccines

V180 is comprised of recombinant DEN-80E proteins for the 4
dengue serotypes (DEN1-80E, DEN2-80E, DEN3-80E, and
DEN4-80E) (see Supplemental Material). Three V180 dose levels



were studied: low-dose (3, 3, 3, and 6 pg, respectively), medium-
dose (10, 10, 10, and 20 pg, respectively), and high-dose (50, 50,
50, and 100 pg, respectively) (Table 4). All V180 formulations
included twice the amount of the DEN4-80E antigen than the
other antigens, in an effort to overcome the preclinical observa-
tion that DEN4-80E tended to induce lower immune responses
than the other components.”® Two adjuvants were tested:
Alhydrogel™ (aluminum hydroxide), at a dose of 225 pg elemen-
tal aluminum, and ISCOMATRIX™ adjuvant (containing
ISCOPREP™ saponin, cholesterol, and phospholipids) at a dose
of 30 or 60 ISCO™ units (see Supplemental Material). Nine
adjuvanted or unadjuvanted V180 formulations were compared
with phosphate-buffered saline placebo (Table 4).

All products were prepared, packaged, and labeled in
accordance with Good Manufacturing Practice, guidelines
for GCP from The International Conference on
Harmonization of Technical Requirements for Registration
of Pharmaceuticals for Human Use, and applicable local
laws and regulations. Vaccine supplies were shipped, stored,
and distributed in accordance with the trial protocol.

Trial design

This Phase I randomized, double-blind, placebo-controlled trial
(V180-001; NCT01477580) was conducted at 2 sites in Australia
between July 2012 and December 2014. Participants received 3
injections of the allocated product at 1-month intervals. The
original sample size was 8 for all active treatment groups, and 6
for all placebo groups (N = 90). After 1 participant in the low-dose
cohort elected to discontinue participation following the first
injection, that participant was replaced, and the sample size of
all subsequent active treatment groups was increased to 9 as a
contingency against further discontinuations. A total of 98 parti-
cipants were randomized (Table 4).

The safety of this trial was monitored and advised at pre-
specified time points by an unblinded independent external
Data Monitoring Committee (eDMC), comprised of experts
in clinical research, pharmacovigilance, and/or dengue. This
dose-escalation trial was enrolled into successive cohorts
defined by V180 antigen level, following eDMC approval to
continue. No safety concerns were identified by the eDMC
during the trial.

Immunogenicity assessments

Blood samples for quantifying neutralizing antibodies were
to be collected from all participants at 6 time points:
prevaccination, 28 days after each injection, and 6 months
and 1 year after the last injection. At each time point,
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using a Focus Reduction Neutralization Test with a 50%
neutralization cutoff (FRNTs,) (see Supplemental
Material).'®!”

Blood samples to assess B-cell memory were collected at
2 time points (immediately before the first injection and at
28 days Postdose 3) in a subset of 18 high-dose cohort
participants (5 recipients each of V180 with 30 ISCO™
units of ISCOMATRIX™ adjuvant, V180 with 60 ISCO™
units of ISCOMATRIX™ adjuvant, and unadjuvanted
V180, and 3 placebo recipients). Levels of dengue sero-
type-specific memory B cells were assessed in these samples
by an optimized memory B ELISPOT assay (see
Supplemental Material).

Immunogenicity data analysis

No specific immunogenicity hypotheses were tested. The pri-
mary objective of the trial was to evaluate if, at 28 days
Postdose 3, at least one V180 formulation induced neutraliz-
ing antibodies to dengue serotypes. For each formulation, the
statistical criterion for a positive immune response was that
the seroconversion rate (SCR, the proportion of participants
with a titer >10) at Day 28 Postdose 3 was >75% for at least 3
of the 4 serotypes. An exploratory objective was to describe
neutralizing antibody levels for each formulation at each time
point by computing serotype-specific SCRs, geometric mean
titers (GMTs), and proportions of participants with a tetra-
valent response (FRNTS;, titers 210 for all 4 dengue serotypes)
or a >trivalent response (FRNTSsj titers 210 for 3 or 4 dengue
serotypes). Titers < 10 were designated as 5 when computing
GMTs.

The per-protocol population, which served as the pri-
mary population for the analysis of neutralizing-antibody
data, excluded participants with major protocol deviations
that may have substantially interfered with the immune
response. Excluded participants were identified before trial
unblinding according to pre-specified criteria

Evaluation of memory B-cell immune responses in a subset of
high-dose cohort participants was an exploratory objective. For
each participant, the percentage of antigen-specific antibody-
secreting cells was computed for each DENV serotype at baseline
and 28 days Postdose 3, and described within and across
formulations.

Safety assessments

A secondary study objective was to assess safety and tolerability of
the tested products. All participants, including those who did not
complete the 3-injection series, were to be followed for serious

virus-neutralizing antibody responses were measured adverse events (SAEs) (including death) from informed consent
Table 4. Number randomized by treatment group.

V180 Antigen Dose Level ISCOMATRIX™ adjuvant

(ug of DEN1-80E/DEN280OE/ Alhydrogel™

DEN3-80E/DEN4-80) 30 ISCO™ units 60 ISCO™ units (225 pg aluminum) Unadjuvanted Placebo (phosphate-buffered saline) Total
Low (3/3/3/6) 8 9 - - 6 23
Medium (10/10/10/20) 9 9 9 9 6 42
High (50/50/50/100) 9 9 - 9 6 33
All Combined 26 27 9 18 18 98
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through 1 year following the last injection. All participants who
received >1 injection recorded all post-vaccination adverse events
(AEs) from Day 1 (day of injection) through Day 14 following
each injection on a Vaccination Report Card (VRC). In addition
to unsolicited AEs, the VRC prespecified the following solicited
AEs: injection-site AEs of pain/tenderness (captured on the VRC
as “pain or tenderness”), erythema, and swelling from Days 1
through 5; and systemic AEs of fatigue, headache, and myalgia
from Days 1 through 14. Additionally, a daily measurement of
oral temperature from Days 1 through 14 was recorded.
Laboratory testing was performed prior to the first injection and
approximately every 2 weeks through 28 days following the last
injection.

Participants recorded the maximum size for any injection-site
erythema or swelling, and the maximum intensity (“mild” [aware-
ness of symptom, but easily tolerated]; “moderate” [discomfort
enough to cause interference with usual activities], or “severe”
[inability to do work or usual activities]) for other AEs.
Investigators scored AEs according to an FDA toxicity scale'”
(see Supplemental Material) as Grade 1 (“mild”), Grade 2 (“mod-
erate”), Grade 3 (“severe”), or Grade 4 (“potentially life-
threatening”)."® All injection-site AEs were considered to be
related to the trial product. While the study was blinded, investi-
gators assessed the likelihood that each non-injection-site AE was
related to the study product.

Safety data analysis

All participants who received 21 injection were included in the
safety analyses. Safety data were summarized for individual treat-
ment groups, and overall by adjuvant type. No formal safety
hypotheses were tested.
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