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ABSTRACT
MenACYW-TT (MenQuadfi’) is a quadrivalent meningococcal tetanus toxoid conjugate vaccine licensed in

Europe for use in individuals >12 months. This study assessed whether serogroup C immune responses with
MenACYW-TT were at least non-inferior, or superior, to those of quadrivalent meningococcal ACWY (MCV4-TT;
Nimenrix) and monovalent meningococcal C (MenC-TT; NeisVac-C') vaccines in toddlers (12-23 months). In
this modified, double-blind Phase IIl study (NCT03890367), 701 toddlers received one dose of MenACYW-TT (n
= 230), MCV4-TT (n = 232) or MenC-TT (n = 239). Serum bactericidal assays with human (hSBA) and baby rabbit
(rSBA) complement were used to measure anti-meningococcal serogroup C antibodies at baseline and 30 days
post-vaccination. A sequential statistical approach was used for primary and secondary objectives. For the
primary objectives, superiority of serogroup C was assessed in terms of hSBA seroprotection rates (defined as
titers >1:8) and GMTs for MenACYW-TT compared to MCV4-TT, and rSBA GMTs compared to MenC-TT. The
safety of all vaccines within 30 days post-vaccination was described. When administered as a single dose to
meningococcal vaccine-naive healthy toddlers the superiority of the MenACYW-TT serogroup C immune
response versus MCV4-TT was demonstrated for hSBA GMTs (ratio 16.3 [12.7-21.0]) and seroprotection
(difference 10.43% [5.68-16.20]); and versus MenC-TT in terms of rSBA GMTs (ratio 1.32 [1.06-1.64]). The safety
profiles of a single dose of MenACYW-TT, MCV4-TT and MenC-TT were similar. In meningococcal vaccine-naive
toddlers, MenACYW-TT induced superior immune responses to serogroup C versus MCV4-TT in terms of hSBA
seroprotection and GMTs and versus MenC-TT in terms of rSBA GMTs.
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Introduction

Invasive meningococcal disease (IMD), which typically pre-
sents as meningitis and septicemia, had an incidence in
Europe of 0.62 cases per 100,000 people in 2018, with the
highest incidence in infants and young children; 8.34 cases
per 100,000 children <1-year-old and 2.38 cases per 100,000
1-4-year-olds."” The most common causes of IMD in Europe
are meningococcal serogroups B and C, with an increasing
number of cases caused by serogroups W and Y in recent
years.” Brazil has similarly seen the majority of its IMD cases
caused by serogroups B, C and W and has reported an inci-
dence of 0.50 cases per 100,000 as of 2018,* while Australia has
seen a significant proportion of its cases caused by serogroups
B and W, with cases caused by serogroup C comparatively low
following the introduction of a meningococcal serogroup
C (MenC) conjugate vaccine immunization program.” MenC
vaccine immunization programs were also launched in the UK
and the Netherlands in response to the 1999-2001 serogroup
C outbreaks,’® successfully reducing overall disease incidence of

IMD caused by serogroup C in both countries.””® In response
to the recent increases in serogroup W in Europe,'®'" quad-
rivalent meningococcal conjugate vaccines (MCV4) have been
progressively introduced, replacing MenC conjugate vaccines
in national immunization programs in several countries.'”
Among those countries that recommend meningococcal vacci-
nation during childhood, some use a mixture of MenC and
MCV4 vaccines according to the age group, while others still
offer exclusively MenC, or exclusively MCV4.
MenACYW-TT (MenQuadfi®, Sanofi Pasteur, USA) is
a quadrivalent meningococcal tetanus toxoid conjugate vaccine
licensed from 12 months of age in Europe and other countries,
such as Brazil, Australia and Canada, and licensed for use in
individuals from 2 years of age in the US. The development for
use in infants from 6 weeks of age is still ongoing.">*' The
immunogenicity and safety of this vaccine has been compared
to a licensed MCV4-TT (Nimenrix®, Pfizer, Sandwich, UK) in
two studies in toddlers aged 12-23 months in Europe.'>*° In the
pivotal phase III study, MenACYW-TT demonstrated non-
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inferiority for seroprotection (defined as titers >1:8) against all
four meningococcal serogroups versus MCV4-TT using
a human complement serum bactericidal assay (hSBA); for
serogroup C, the lower bound of the two-sided 95% CI of the
overall difference of the proportion seroprotected was greater
than 0.%

The tetanus toxoid conjugate monovalent meningococcal
C vaccine, MenC-TT (NeisVac-C®, Pfizer, Sandwich, UK), is
used extensively worldwide as part of meningococcal
C vaccination programs and its immunogenicity was evaluated
during vaccine development using the baby rabbit complement
serum bactericidal assay (rSBA). To date, the serogroup
C response to the MenACYW-TT vaccine has not been directly
compared to MenC-TT.

The objective of this study was to compare the immune
response to serogroup C elicited by a single dose of MenACYW-
TT to the response elicited by a single dose of MCV4-TT or
MenC-TT, and to describe the safety of healthy meningococcal
vaccine-naive toddlers. Using a sequential testing approach, the
serogroup C immunogenicity of MenACYW-TT in terms of
seroprotection rates and GMTs was tested for non-inferiority
to the immunogenicity of MCV4-TT (measured by hSBA) and
MenC-TT (measured by rSBA). If seroprotection rates and
GMTs were non-inferior, the subsequent aim was to demon-
strate statistical superiority of MenACYW-TT versus MCV4-TT
for hSBA GMTs and seroprotection rates, and superiority of
rSBA GMTs versus MenC-TT. Different SBA assays were uti-
lized to align with assays used in the development of the vac-
cines. As the objective of the study focussed on serogroup
C responses, the responses to the other serogroups were not
assessed.

Methods
Study design and participants

This was a Phase III, multi-center, modified double-blind trial
conducted to evaluate the immunogenicity of the serogroup
C response and safety of a single dose of the MenACYW-TT
vaccine versus a quadrivalent or monovalent C tetanus toxoid
conjugate meningococcal vaccine in healthy meningococcal
vaccine-naive toddlers aged 12-23 months (EudraCT #:
2018-003790-10; NCT03890367). The study was conducted
in 29 centers in Denmark, Germany and Finland between
12 September 2019 and 14 October 2020.

Participants had an informed consent form (ICF) signed
and dated by their parent(s)/legally acceptable representative-
(s). Exclusion criteria included participation in another study
4 weeks preceding or during the study; receipt or planned
receipt of any vaccine in the 4 weeks preceding or during the
study (except for an influenza vaccine administered at least
2 weeks before or after the study vaccination); receipt of
immune globulins, blood or blood-derived products in the
past 3 months; previous vaccination against meningococcal
disease; receipt of immunosuppressive therapy; history of or
high risk of meningococcal infection; history of Arthus-like
reaction; history of Guillain-Barré syndrome (GBS); receipt
of oral or injectable antibiotic therapy within 72 hours prior
to the first blood draw.

Participants were randomized in a 1:1:1 ratio using an
Interactive Response Technology to receive a single dose
of either MenACYW-TT, MCV4-TT or MenC-TT on Day
0, and the randomization lists of participants were strati-
fied by center. Both the participant and the investigator
were blinded to study treatment, as were the laboratory
personnel. As the vaccines differ in their presentation, the
vaccine administrator was unblinded to study group allo-
cation, and was not involved in safety data collection.

Participants received a single dose of either MenACYW-TT
(MenQuadfi, Sanofi Pasteur, Swiftwater, PA, USA), presented in
.5 mL of saline solution containing 10 pg of each of meningococcal
capsular polysaccharides serogroups A, C, W and Y and approxi-
mately 55ug of tetanus toxoid protein carrier; MCV4-TT
(Nimenrix®, Pfizer, Sandwich, UK), provided as a powder and
solvent for reconstitution, with each .5 mL dose containing 5 pg
of each of meningococcal polysaccharides serogroups A, C, W and
Y and approximately 44 pg of tetanus toxoid protein carrier, or
MenC-TT (NeisVac-CE, Pfizer, Sandwich, UK), presented in .5 mL
of saline solution containing 10 pg of serogroup C polysaccharide
and 10-20 g of tetanus toxoid protein carrier and adsorbed on
aluminum hydroxide, hydrated (.5mg AI’*). All vaccines were
administered intramuscularly on Day 0.

The study was conducted in agreement with the Declaration
of Helsinki and with the International Conference on
Harmonization guidelines for good clinical practice as well as
with all local and/or national regulations and directives.

Immunogenicity

Blood samples for immunogenicity assessment of serogroup
C response were taken before (Day 0) and 30 days (Day 30 + up
to 14 days) after vaccination. Serum bactericidal antibody assays
(SBAs) using human complement (hSBA; Global Clinical
Immunology, Sanofi Pasteur, Swiftwater, USA) and baby rabbit
complement (rSBA; Public Health England, Manchester, United
Kingdom) were used to measure functional antibodies against
meningococcal group C, both of which were performed by quali-
fied laboratory personnel as described previously.”> The lower
limit of quantitation (LLOQ) of both assays was a titer of 1:4.
Seroprotection was defined as titers >1:8 at Day 30 for both hSBA
and rSBA. Comparisons of antibody responses in terms of geo-
metric mean titers (GMTs) at Day 0 and Day 30 measured with
both hSBA and rSBA were also performed. An exploratory end-
point of vaccine seroresponse was measured by hSBA defined as
a post-vaccination titer >1:16 for participants with pre-vaccination
titers <1:8, or a post-vaccination titer >4-fold greater than the pre-
vaccination titer for participants with pre-vaccination titers >1:8,
and measured by rSBA defined as a post-vaccination titer >1:32 for
participants with pre-vaccination titers <1:8, or a post-vaccination
titer >4-fold greater than the pre-vaccination titer for participants
with pre-vaccination titers >1:8.

Safety

Participants were observed for 30 minutes after vaccination
to ensure their safety, during which, any unsolicited sys-
temic adverse event (AE) was recorded. The occurrence of
solicited injection site (tenderness, erythema and swelling)
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Figure 1. Sequential statistical testing approach for primary objectives (a) and the secondary objectives (b).

and systemic reactions (fever, vomiting, abnormal crying,
drowsiness, appetite loss, irritability) were recorded up to 7
days after vaccination in the participant’s diary card pro-
vided to the parents/guardians. Parents or guardians were
asked to inform the investigators of any potential serious
adverse events (SAEs) immediately.

Unsolicited AEs were collected from Day 0 to Day 30, and
SAEs including AEs of special interest (AESIs) were collected
throughout the trial. Adverse events classified as AESIs were
generalized seizures (febrile and non-febrile), Kawasaki dis-
ease, GBS and idiopathic thrombocytopenia purpura, as direc-
ted by European regulators.

Statistical analyses

For the determination of sample size, a total of 675 participants
were initially planned to be enrolled according to a ratio 1:1:1.
This sample size was to provide acceptable global powers con-
sidering an overall one-sided alpha of 2.5% (i.e., 1.25% adjusted
alpha for each of the 2 main non-inferiority objectives tested,
then the same level of alpha was used for the subsequent tests as
a ranking testing strategy was used), assuming an initial drop-
out rate of 10%. As a consequence of the COVID-19 pandemic,
enrollment was paused on 17 March 2020 and the study protocol
amended. Approximately 30 participants were identified to be
excluded from the per protocol analysis set (PPAS) as they were
unable to complete their follow-up visit as planned. To maintain
the planned study statistical power and the randomization ratio,
the protocol was amended to modify the sample size with 30
participants added to replace these participants, so that the study
planned to enroll 705 participants in total.

Three analysis sets were used: the hSBA and rSBA full analysis
sets (FAS), the hSBA and rSBA per protocol analysis sets (PPAS)
and the safety analysis set (SafAS). The FAS was defined as the
subset of participants who received one dose of study vaccine
and were analyzed by the treatment group to which they were
assigned. The PPAS included all participants from the FAS who
adhered to the protocol-specific inclusion criteria, did not have
relevant deviations from the study protocol and had a valid
hSBA or rSBA test result at Day 30. The SafAS was defined as
those participants who had received a single dose of the study
vaccine and had any safety data available, and were analyzed by
the vaccine they actually received.

The testing for non-inferiority and superiority was conducted
on the PPAS (hSBA or rSBA) and was done in parallel with
a step-by-step approach (Figure 1). For the primary objectives of
the comparison of MenACYW-TT versus MCV4-TT, if the
non-inferiority in terms of seroprotection rates measured by
hSBA was demonstrated, then non-inferiority in terms of
hSBA GMTs was tested; if the latter was demonstrated, then
the superiority of the GMTs was tested, and if the latter was
demonstrated, then the superiority of the seroprotection rates
was tested. For the primary objectives of the comparison of
MenACYW-TT versus MenC-TT, if the non-inferiority in
terms of rSBA seroprotection rates was demonstrated, then non-
inferiority of the rSBA GMTs was tested, if the latter was
demonstrated, then the superiority of the GMTs was tested.
For the secondary objectives, a similar sequential testing
approach was used; for the comparison of MenACYW-TT ver-
sus MCV4-TT, if the non-inferiority in terms of rSBA seropro-
tection rates was demonstrated, then the non-inferiority of the
rSBA GMTs was tested; if the latter was demonstrated, then the
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superiority of the GMT's was tested. For the secondary objectives
of the comparison of MenACYW-TT versus MenC-TT, if the
non-inferiority in terms of hSBA seroprotection rates was
demonstrated, then non-inferiority of the hSBA GMTs was
tested; if the latter was demonstrated, then the superiority of
the GMTs was tested.

Testing for the primary and secondary objectives was
based on the difference in post-vaccination seroprotection
rates (computed with their associated 97.5% confidence
intervals [CI] and calculated using the Wilson Score
method without continuity correction [Newcombe
method]) and on the ratio of post-vaccination GMTs (com-
puted first using normal approximation of log-transformed
titers and then by taking the anti-logarithms of the lower
and upper limits of the provided 97.5% CI). Non-inferiority
was demonstrated for seroprotection rates if the lower limit
of the two-sided 97.5% CI for the difference was >-10%;
superiority was demonstrated if the lower limit was >0%.
Non-inferiority was demonstrated for GMTs if the lower
limit of the two-sided 97.5% CI for the ratio was >1/1.5;
superiority was demonstrated if the lower limit was >1. For
safety results, the number and percentages with their
respective 95% Cls were calculated using the exact binomial
distribution (Clopper-Pearson method).

Analyses were conducted using SAS Version 9.4 or later
(SAS Institute Inc; Cary, NC).

Results
Study participants

The flow of participants through the study is summarized
in Supplementary Figure 1. Out of a total of 707 partici-
pants enrolled, 701 received a study vaccine: 230 received
MenACYW-TT, 232 received MCV4-TT and 239 received
MenC-TT; with a total of 696 participants (228, 229 and
239 in each group, respectively) completing the study.
A total of 52.8% of participants were male and 47.2%
female for both the hSBA and rSBA FAS groups. The
average age of the participants in the MenACYW-TT
group was 16.5 months, while the average of participants
in both the MCV4-TT and MenC-TT groups was 16.7
months. Baseline demographics are summarized in
Table 1. The participants were balanced between each of
the vaccine groups for both the hSBA and rSBA FASs.

Primary immunogenicity objectives

For the comparison of MenACYW-TT versus MCV4-TT,
following sequential testing, noninferiority and superiority
in terms of hSBA serogroup C seroprotection rates were
demonstrated. Noninferiority and superiority in terms of
hSBA serogroup C GMTs were also demonstrated
(Table 2).

For the comparison of MenACYW-TT versus MenC-TT,
non-inferiority in terms of rSBA seroprotection rates was
demonstrated. Following sequential testing, noninferiority
and superiority in terms of rSBA serogroup C GMTs were
also demonstrated (Table 2).

Secondary immunogenicity objectives

For the comparison of MenACYW-TT versus MCV4-TT, non-
inferiority in terms of rSBA serogroup C seroprotection rates
was demonstrated. Following sequential testing, noninferiority
and superiority in terms of rSBA serogroup C GMTs were also
demonstrated (Table 3).

For the comparison of MenACYW-TT versus MenC-TT,
noninferiority in terms of hSBA serogroup C seroprotection
rates was demonstrated. Following sequential testing, nonin-
feriority and superiority in terms of hSBA GMTs were also
demonstrated (Table 3).

Similar conclusions for the primary and secondary objec-
tives were observed in the hSBA and rSBA FAS (data not
shown).

Serogroup C vaccine seroresponse at Day 30, as measured
by both hSBA and rSBA, was high across all vaccine groups
(Supplementary Figure 2).

Safety

Overall, the safety profile was comparable between vaccine
groups in terms of solicited and unsolicited adverse reactions
(Table 4) with solicited reactions (solicited injection site reac-
tions and solicited systemic reactions) observed in 80.4% of the
MenACYW-TT group, 78.8% of the MCV4-TT group and
74.9% of the MenC-TT group. The proportion of participants
who reported at least one unsolicited adverse reaction (AR) was
6.5% (15/230) in the MenACYW-TT group, 4.7% (11/232) in
the MCV4-TT group and 5.0% (12/239) in the MenC-TT group.
No immediate unsolicited AEs were reported within 30 minutes
of vaccination in any group. There was one SAE reported during
the study in the MenACYW-TT group (respiratory syncytial
virus infection), one in the MCV4-TT group (febrile convulsion
[occurring 9 days after vaccination]) and four SAEs reported in
two participants in the MenC-TT group (respiratory tract infec-
tion, febrile convulsion [occurring 6 days after vaccination and
then a second subsequent episode], foreign body in throat and
urticaria); none of them were considered vaccine related. No
deaths were reported during the study.

Discussion

This study assessed and demonstrated the superiority of the
bactericidal antibody responses to serogroup C following
administration of a single dose of MenACYW-TT compared
to MCV4-TT in terms of hSBA seroprotection and GMTs in
meningococcal vaccine-naive toddlers 12-23 months of age.
This study also demonstrated the superiority of the bactericidal
antibody responses to serogroup C in terms of GMTs and the
non-inferiority in terms of seroprotection measured by rSBA
compared to the licensed MenC-TT. Furthermore, the second-
ary objectives were also met, with superiority of serogroup
C GMTs of MenACYW-TT versus MCV4-TT measured by
rSBA and versus MenC-TT measured by hSBA.
MenACYW-TT has been evaluated in toddlers, adolescents
and adults (including those =56 years) in phase II and III
studies.”® These trials have demonstrated that MenACYW-
TT elicits a non-inferior immune response to existing licensed



Table 1. Baseline characteristics (FAS).

MenACYW-TT MCV4-TT MenC-TT
hSBA FAS (N=227) (N=228) (N=235)
Sex, n (%)

Male 112 (49.3) 123 (53.9) 129 (54.9)

Female 115 (50.7) 105 (46.1) 106 (45.1)
Age, months, mean (SD) 16.5 (3.27) 16.7 (3.46) 16.7 (3.46)
Racial origin, n (%)

White 220 (96.9) 219 (96.1) 231 (98.3)

Asian 1(4) 2 (.9) 1(4)

Black or African American 2 (9) 0 1(4)

American Indian or Alaska 1(.4) 0

Native

Native Hawaiian or Other 0 0 0

Pacific Islander

Mixed origin 3(1.3) 5(2.2) 1(.4)

Unknown 1(4) 1(4) 1(.4)
rSBA FAS MenACYW-TT MCV4-TT MenC-TT

(N =226) (N =227) (N =234)

Sex, n (%)

Male 112 (49.6) 122 (53.7) 129 (55.1)

Female 114 (50.4) 105 (46.3) 105 (44.9)
Age, months, mean (SD) 16.5 (3.26) 16.7 (3.47) 16.7 (3.45)
Racial origin, n (%)

White 219 (96.9) 218 (96.0) 230 (98.3)

Asian 1(.4) 2 (.9) 1(4)

Black or African American 2 (9) 0 1(4)

American Indian or Alaska 1(.4) 0

Native

Native Hawaiian or Other 0 0 0

Pacific Islander

Mixed origin 3(1.3) 5(2.2) 1(.4)

Unknown 1(4) 1(4) 1(.4)

FAS, full analysis set; N, number of subjects.

meningococcal quadrivalent vaccines against serogroups A, C,
W and Y.">"?'This current study, conducted in toddlers,
focused on serogroup C responses as MenACYW-TT had
shown numerically higher titer of bactericidal antibodies
against serogroup C in previous studies in toddlers.'®*°
However, until now, the superiority of this immune response
was not previously tested. Nor had the serogroup C responses
of MenACYW-TT been compared to those of MenC-TT,
a vaccine widely used as part of serogroup C vaccine programs.
To our best knowledge, this phase III study is also the first

Table 2. Summary of the primary objective results: serogroup C seroprotection rates (=
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study which compared serogroup C responses of
a quadrivalent ACWY tetanus toxoid conjugate vaccine to
MenC-TT in meningococcal vaccine-naive toddlers. Before
this study, the only studies in naive toddlers of Men
C responses were between MCV4-TT and a CRM197 conju-
gated monovalent serogroup C vaccine.”*** As the MenC-TT
vaccine is known to have increased immunogenicity compared
to CRM conjugated vaccines, MenC-TT was proposed as
a control for this study.

In Europe, meningococcal C conjugate vaccines were
introduced in national immunization programs in several
countries in the early 2000s. But the changing epidemiology,
with an increase of serogroups W and/or Y, and in particular,
the emergence of a hypervirulent meningococcal W:ccll, has
led many countries to shift from existing monovalent menin-
gococcal C to quadrivalent ACWY conjugate vaccines in
their national immunization, or to start a new program
with an ACWY conjugate vaccine. For example, national
immunization programs in the UK and the Netherlands
introduced MenC vaccines in response to the 1999-2001
outbreak periods caused by serogroup C.° The introduction
of MenC vaccination successfully reduced, through direct
and indirect protection, the incidence of IMD caused by
serogroup C in both countries. In the UK by 2015/16, an
overall reduction in serogroup C cases of 95.6% was
achieved,”® and a decade after routine use of the MenC
conjugate vaccine in the Netherlands, serogroup C disease
reduced by 99% in vaccinated age groups and by 93% in
unvaccinated age groups.” Due to increases in IMD caused
by serogroup W,'" the UK then replaced the MenC vaccine in
adolescents with a MCV4, and in the Netherlands MenC
vaccination was switched to a MCV4 for toddlers 14 months
of age and adolescents aged 13-14 years.'” Evidence from the
UK showed that this change let to a reduction in serogroup
W cases.”® Given the success of MenC vaccine programs, it is
important that MCV4 vaccines are not inferior to the estab-
lished monovalent vaccine while also providing protection
against other serogroups.

1:8) and GMTs following a single dose of MenACYW-TT, MCV4-TT or MenC-TT

(PPAS).
Seroprotection rates (95% Cl) GMTs (95% Cl)

hSBA n/M % (95% Cl) M % (95% Cl)
MenACYW-TT 213/214 99.5 (97.4, 100) 214 515 (450, 591)
MCVA-TT 188/211 89.1 (84.1, 93.0) 211 31.6 (26.5, 37.6)

Difference (97.5% Cl) 10.43 (5.68, 16.20) Ratio (97.5% Cl) 16.3 (127, 21.0)
Conclusion Non-inferiority*: Yes Non-inferiority#: Yes

Superiorityt: Yes Superiority§: Yes

rSBA n/M % (95% CI) M % (95% CI)
MenACYW-TT 213/213 100 (98.3, 100) 213 2143 (1870, 2456)
MenC-TT 215/215 100 (98.3, 100) 215 1624 (1425, 1850)

Difference (97.5% Cl) 0.0 (-2.30, 2.28) Ratio (97.5% Cl) 1.32 (1.06, 1.64)
Conclusion Non-inferiority*: Yes Non-inferiority#: Yes

Superiority§: Yes

GMT, geometric mean titer; M, number of participants with available data; n, number of participants meeting the endpoint; PPAS, hSBA and rSBA per protocol analysis

sets.

*Non-inferiority was demonstrated if the lower-limit of the 97.5% Cl of the difference was >-10%.
tSuperiority was demonstrated if the lower-limit of the 97.5% Cl of the difference was >0%.
$Non-inferiority was demonstrated if the lower-limit of the 97.5% Cl of the ratio of GMTs was >1/1.5.
§Superiority was demonstrated if the lower-limit of the 97.5% Cl of the ratio between GMTs was >1.
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Table 3. Summary of the secondary objective results: serogroup C seroprotection rates (>1:8) and GMTs following a single dose of MenACYW-TT, MCV4-TT or MenC-TT

(PPAS).
Seroprotection rates (95% Cl) GMTs (95% Cl)

rSBA n/M % (95% CI) M % (95% CI)
MenACYW-TT 213/213 100 (98.3, 100) 213 2143 (1870, 2456)
MCVA-TT 199/210 94.8 (90.8, 97.4) 210 315 (252, 395)

Difference (97.5% Cl) 5.24 (1.83,9.85) Ratio (97.5% Cl) 6.80 (5.04, 9.18)
Conclusion Non-inferiority*: Yes Non-inferiorityt: Yes

Superiority+: Yes

hSBA n/M % (95% CI) M % (95% CI)
MenACYW-TT 213/214 99.5 (97.4, 100) 214 515 (450, 591)
MenC-TT 215/216 99.5 (97.4, 100) 216 227 (198, 260)

Difference (97.5% Cl) -0 (=271, 2.67) Ratio (97.5% Cl) 2.27 (1.82, 2.84)
Conclusion Non-inferiority*: Yes Non-inferiorityt: Yes

Superiority+: Yes

GMT, geometric mean titer; M, number of participants with available data; n, number of participants meeting the endpoint; PPAS, hSBA and rSBA per protocol analysis

sets.

*Non-inferiority was demonstrated if the lower-limit of the 97.5% Cl of the difference was >-10%.
tSuperiority was demonstrated if the lower-limit of the 97.5% Cl of the difference was >0%.
$Non-inferiority was demonstrated if the lower-limit of the 97.5% Cl of the ratio of GMTs was >1/1.5.
§Superiority was demonstrated if the lower-limit of the 97.5% Cl of the ratio of GMTs was >1.

Table 4. Safety outcomes (SafAS).

MenACYW-TT MCV4-TT MenC-TT
Participants experiencing at least one: (N=230) (N=232) (N=239)
n/M % (95% Cl) n/M % (95% Cl) n/M % (95% Cl)
Immediate unsolicited AE 0/230 0 (0, 1.6) 0/232 0(0, 1.6) 0/239 0(0, 1.5)
Solicited reaction 185/230 80.4 (74.7, 85.4) 182/231 78.8 (72.9, 83.9) 179/239 74.9 (68.9, 80.3)
Solicited injection site reaction 136/230 59.1 (52.5, 65.5) 127/231 55.0 (48.3, 61.5) 129/239 54.0 (47.4, 60.4)
Solicited systemic reaction 140/230 60.9 (54.2, 67.2) 138/231 59.7 (53.1, 66.1) 138/239 57.7 (51.2, 64.1)
Unsolicited AE 124/230 53.9 (47.2, 60.5) 112/232 48.3 (41.7, 54.9) 129/239 54.0 (47.4, 60.4)
Unsolicited AR 15/230 6.5 (3.7, 10.5) 11/232 4.7 (2.4; 8.3) 12/239 5.0 (2.6; 8.6)
AE leading to discontinuation 0/230 0(0, 1.6) 0/232 0 (0, 1.6) 0/239 0(0, 1.5)
SAE, Day 0 to Day 30 1/230 0.4 (0, 2.4) 1/232 0.4 (0, 2.4) 2/239 0.8 (.1, 3.0)
AESI 0/230 0(0, 1.6) 1/232 0.4 (0, 2.4) 1/239 0.4 (0, 2.3)
Death 0/230 0(0, 1.6) 0/232 0 (0, 1.6) 0/239 0 (0, 1.5)

AE, adverse event; AESI, adverse event of special interest; M, number of participants with available data; N, total population; n, number experiencing outcome; SAE,

serious adverse event; SafAS, safety analysis set.

It is equally important to understand the persistence of
bactericidal antibodies following priming with a MCV4
vaccine. The immunogenicity of MenACYW-TT 3 years
after the vaccination of toddlers (12-23 months) has been
shown in a study of a booster dose of MenACYW-TT,
conducted in children aged 4-5years who were primed 3
years earlier with a single dose of MenACYW-TT or
MCV4-TT.” That study showed that meningococcal hSBA
and rSBA GMTs decreased over the 3 years following the
primary vaccination (either MenACYW-TT or MCV4-TT),
but remained higher than pre-vaccination GMTs for all
four serogroups, indicating the persistence of the antibody
response, with similar or higher titers elicited by
MenACYW-TT versus MCV4-TT. Considering the ser-
ogroup C results, hSBA titers [95% CI] were higher in the
MenACYW-TT-primed vs MCV4-TT-primed group 3 years
after the priming dose (106 [73.2, 153] vs 11.7 [7.03, 19.4],
respectively), and all participants had hSBA titers >1:8 for
serogroup C in the MenACYW-TT-primed group com-
pared with 54.5% in the MCV4-TT-primed group. Similar
results were observed for GMTs of rSBA against meningo-
coccal serogroup C, with higher levels (non-overlapping
95% Cls) in the MenACYW-TT-primed group than the
MCV4-TT-primed group rSBA.”

One of the strengths of this study was the consistency of
the antibody titer data between this study and through the
rest of clinical development program as a result of the same
laboratories being used for the assessment of hSBA (GCI
Sanofi Pasteur) and rSBA (Public Health England) across all
the MenACYW-TT studies. We also saw a consistency in
the results from both the hSBA and rSBA antibody assays
in this study. In the phase II and pivotal Phase III studies
of MenACYW-TT conducted in toddlers (12-23 months of
age) hSBA assays were used for the primary endpoint;'” *°
the same assay was used in this study for the comparison to
MCV4-TT in order to compare the findings to previous
trials. MenC-TT has been studied using the rSBA testing
method; therefore, in order to evaluate the non-inferiority
of MenACYW-TT compared to MenC-TT, titers were mea-
sured by rSBA. The similar trend in responses of seropro-
tection and GMT levels (hSBA and rSBA) between this
study and two previous studies conducted for MenACYW-
TT in toddlers indicates the consistency of these assays and
results.'”*°

The safety profile of reactogenicity and systemic reactions of
a single dose of MenACYW-TT was comparable to MCV4-TT
and MenC-TT, with reported solicited reactions ranging from
80.4% of the MenACYW-TT group to 74.9% of participants in



the MenC-TT group. No immediate unsolicited adverse events
were reported in the study, nor vaccine-related serious adverse
events or deaths. The similarity of the safety profiles of
MenACYW-TT and MCV4-TT is consistent with the safety find-
ings from previous Phase III trials comparing MenACYW-TT to
other licensed quadrivalent meningococcal vaccines, which
further underlines the safety of this vaccine.'*'®"1%2%21:7

A potential limitation of this study is that due to the
COVID-19 pandemic study entry was paused, and a number
of participants (fewer than 2% in each study group) had pro-
tocol deviations due to incomplete follow-up. This loss was
mitigated through a protocol amendment, which increased the
planned number for enrollment.

In conclusion, this study showed that MenACYW-TT elicited
a robust immune response against serogroup C without safety
concerns. The safety profile is comparable for all three vaccines.
The superior immune response to serogroup C compared with the
licensed MCV4-TT vaccine (hSBA seroprotection and GMTs) and
licensed MenC-TT vaccine (rSBA GMTs) when administered as
a single dose to meningococcal vaccine-naive toddlers aged 12-23
months supports the potential switch from monovalent MenC to
quadrivalent MenACWY vaccination, providing reassurance that
MenC protection is maintained, while providing additional bene-
fits of protection against serogroups A, W and Y. The use of
quadrivalent vaccines offers the advantage of broadening protec-
tion against other serogroups and contributes to addressing the
public health need with regard to a changing and unpredictable
epidemiology.
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