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ABSTRACT

Booster doses of meningococcal conjugate vaccines induce long-term protection against invasive menin-
gococcal disease. We evaluated the immunogenicity and safety of a booster dose of MenACYW-TT in pre-
school children who were primed 3 years earlier with MenACYW-TT or MCV4-TT (Nimenrix®). In this Phase
Ill, open-label, multi-center study (NCT03476135), children (4-5 years old), who received a primary dose of
MenACYW-TT or MCV4-TT as toddlers in a previous study, received a booster dose of MenACYW-TT. Titers
of antibody against meningococcal serogroups A, C, W and Y were measured by serum bactericidal assay
using human (hSBA) and baby rabbit (rSBA) complement in samples collected before (D0) and 30 days
after (D30) booster vaccination. Safety was assessed over the 30-day study period. Ninety-one participants
received the booster dose. In both study groups, hSBA titers increased from DO to D30; serogroup C titers
[95% confidence interval] were higher in the MenACYW-TT-primed vs MCV4-TT-primed group at DO (106
[73.2,153] vs 11.7 [7.03, 19.4], respectively) and D30 (5894 [4325, 8031] vs 1592 [1165, 2174], respectively);
rSBA results were similar. Nearly all participants achieved >1:8 hSBA and rSBA titers at D30, which were
higher or comparable to those observed post-primary dose, suggesting rapid booster responses. At DO, all
hSBA and rSBA titers were higher than those observed pre-primary dose, suggesting persistence of
immunogenicity. The MenACYW-TT booster dose was well-tolerated and had similar safety outcomes
across study groups. These findings suggest that MenACYW-TT elicits robust booster responses in children
primed 3 years earlier with MenACYW-TT or MCV4-TT.
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Introduction . - . . .
disease and transmission, particularly in countries where ser-

Invasive meningococcal disease (IMD) is an important cause of
mortality and morbidity globally, and a major infectious cause
of death in children aged under 5 years." In Europe, there
were 2.5 confirmed cases per 100,000 population in children
aged 1-4 years, in 2017.”

Among the 12 meningococcal serogroups that have been iden-
tified, 6 (A, B, C, W, X and Y) cause the vast majority of IMD cases
worldwide."* The relative importance of each of these serogroups
varies geographically and over time.*” In Africa, serogroups A and
W account for 200 cases per 100,000 population.®” In Europe, the
Americas and Australia, serogroups B, C and Y together account
for a large majority of cases,® with 67% of confirmed IMD cases in
Europe accounted for by serogroups B and C.**° Increasing
numbers of cases caused by serogroups W (17%) and Y (12%)
have been reported over recent years in Europe.’™

Quadrivalent meningococcal conjugate vaccines against ser-
ogroups A, C, W and Y (MCV4) are widely used to prevent

ogroups C, W and Y are responsible for a significant burden
of disease.'”'" There are currently four MCV4 vaccines
available.'>"> MCV4 conjugated to diphtheria toxoid (MCV4-
DT; Menactra®, Sanofi Pasteur) is indicated for prevention of
IMD in individuals 9 months through 55 years of age and
licensed in over 70 countries including the USA and Asia."*
MCV4 conjugated to the diphtheria protein CRM197 (MCV4-
CRM; Menveo®, GlaxoSmithKline) is licensed in the USA for use
in individuals aged 2 months up to 55 years and in Europe from 2
years of age with no upper age limit.">'® MCV4 conjugated to
tetanus toxoid (MCV4-TT; Nimenrix®; Pfizer Europe, Belgium)
is licensed in Europe as a single dose for individuals aged 6 weeks
and older, with no upper age limit.'” ' A new MCV4 conjugated
to a tetanus toxoid protein carrier (MenACYW-TT; MenQuadfi®,
Sanofi Pasteur) was approved in the USA (April 2020) for use in
individuals aged 24 months and older and in Europe
(November 2020) for individuals aged 12 months and older.”!
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The successful implementation of meningococcal vaccina-
tion in childhood immunization programs has been shown to
be an effective means of controlling IMD.** Nationwide,
including school-based, immunization against serogroup C-
induced IMD in England resulted in a reduction of 97% in
infection rates over a period of 18 years (2000-2018).>72°
Similarly, a meningococcal C conjugate (MCC) vaccine in
Spain resulted in vaccine protection levels exceeding 94%
over 4 years in children between the ages of 2 months and 6
years. 226

However, the bactericidal antibody titers elicited by MCC?®
and MCV4 vaccines®”*® have been shown to wane within 3 to 5
years after primary vaccination; this waning effect is more
pronounced in younger children than in older children and
adults.”**® Recent data further showed that after this initial
waning, bactericidal antibody titers remained stable between 6
and 10 years after primary vaccination.”” The Advisory
Committee on Immunization Practices (ACIP) recommends
a single dose of a quadrivalent meningococcal conjugate vac-
cine at age 11 or 12 years followed by a booster dose adminis-
tered at age 16 years.”

It has been shown that the recently licensed MenACYW-TT
boosts the immune response in adolescents and adults (aged
215 years) primed with MCV4 vaccine 4-10 years earlier,
irrespective of whether MCV4-DT or MCV4-CRM was used
for priming.’’ MenACYW-TT was also shown to boost the
serogroup C immune response in toddlers 12-23 months of
age who received monovalent MCC vaccination (MenC-TT
[NeisVac-C°] or MenC-CRM [Menjugate®]) during infancy.”?
However, data on the immunogenicity and safety of a booster
dose of MenACYW-TT in children previously vaccinated with
MenACYW-TT or MCV4-TT are lacking.

In a previous randomized Phase II exploratory study con-
ducted in Finland (MET54; NCT03205358), 188 meningococ-
cal vaccine naive toddlers aged 12-23 months were
randomized 1:1 to receive a single primary vaccine dose of
MenACYW-TT or of the licensed vaccine MCV4-TT; a single
dose of the MenACYW-TT vaccine was well tolerated and
immunogenic.”> The current Phase III study evaluated the
immunogenicity and safety of a booster dose of MenACYW-
TT administered to pre-school aged children who were primed
3 years earlier as toddlers with a dose of MenACYW-TT or
MCV4-TT as part of the MET54 study. We also describe the
immune persistence up to 3 years after the priming dose and
the antibody response to the tetanus toxoid carrier protein
before and after booster vaccination.

Methods
Study design and participants

This was a Phase III, open-label, multi-center study to describe the
immunogenicity and safety of a single booster dose of MenACYW-TT
and the immune persistence of the priming dose of MenACYW-TT
or MCV4-TT in children (aged 4-5 years) who had been vaccinated
three years earlier as toddlers (aged 12-23 months).** The current
study (MET62; NCT03476135) was conducted between 27 February
2018 and 10 September 2018 at eight centers in Finland.

Participants who had received a primary dose of either
MenACYW-TT or MCV4-TT 3 years (+ 45 days) earlier as
part of the MET54 study and had completed that study
(attended the final study visit) were invited to participate.
Exclusion criteria included participation in another clinical
trial; any vaccination in the 4 weeks preceding the study or
planned before the final blood sampling (except for influenza
vaccination >2 weeks before or after study vaccine); previous
receipt of any meningococcal vaccine containing serogroups A,
B, C, WorY (with the exception of that administered as part of
the MET54 study); a history of meningococcal infection (con-
firmed either clinically, serologically, or microbiologically);
participants at high risk for meningococcal infection during
the trial, including those with persistent complement defi-
ciency, with anatomic or functional asplenia, or those traveling
to countries with high rates of endemic or epidemic disease;
receipt of immunoglobulins, blood, or blood-derived products
in the past 3 months, or antibiotic therapy within 72 hours
before the first blood sampling; known or suspected congenital
or acquired immunodeficiency, or receipt of immunosuppres-
sive therapy within the preceding 6 months; known systemic
hypersensitivity or history of a life-threatening reaction to any
of the vaccine components; personal history of Guillain-Barre
syndrome or an Arthus-like reaction after vaccination with a
tetanus toxoid-containing vaccine.

All participants received a single booster dose of
MenACYW-TT by intramuscular injection in the deltoid mus-
cle of the arm. MenACYW-TT was presented in 0.5 mL of
saline solution containing 10 pg of each of meningococcal
capsular polysaccharides of serogroups A, C, W and Y, and
approximately 55 pg of tetanus toxoid protein carrier.

For data analyses, the study participants were divided into
two groups: those who previously received a primary dose of
MenACYW-TT and those who previously received a primary
dose of the licensed MCV4-TT vaccine, as part of the MET54
study. The current study was open-label as only the
MenACYW-TT vaccine was administered as a booster dose.

Written informed consent was provided by the parents or
legal representatives of study participants. The conduct of this
study was consistent with standards established by the
Declaration of Helsinki and compliant with the International
Conference on Harmonization guidelines for good clinical
practice as well as with all local and/or national regulations
and directives. The study was approved by the National Ethical
Committee of Finland prior to the start of the study.

Immunogenicity

Blood samples for immunogenicity assessment were obtained
before (on Day 0) and 30-44 days after booster vaccination.
Titers of antibody against meningococcal serogroups A, C, W
and Y were measured with serum bactericidal assay (SBA) using
human complement (hSBA; GCI, Sanofi Pasteur, Swiftwater, PA,
USA) and baby rabbit complement (rfSBA; Public Health England,
Manchester, United Kingdom), both of which were performed by
qualified laboratory personnel as described previously.** The lower
limit of quantitation (LLOQ) of both assays was a titer of 1:4.



Antibody persistence over 3 years and the subsequent boos-
ter effect were assessed in Day 0 and post-booster sera from this
study, paired with data obtained before and 30 days after the
primary MenACYW-TT dose administered 3 years earlier in
the MET54 study.

Geometric mean concentrations (GMCs) for anti-tetanus
antibodies were measured in both pre- and post-booster vacci-
nation blood samples using a multiplex electrochemilumines-
cent assay (a serological assay which allows for the
simultaneous quantification of human antibodies to tetanus
toxoid), performed at GCI, Sanofi Pasteur, Swiftwater,
PA, USA.

Safety

Safety endpoints included the occurrence, time to onset, dura-
tion and intensity of adverse events (AEs), including adverse
reactions (ARs). Participants were observed for 30 minutes
after vaccination to assess the occurrence of any unsolicited
systemic AEs. Participants’ parents or legally acceptable repre-
sentatives were provided with an electronic device (e-diary)
that contained an application to record information about the
occurrence of solicited injection site and systemic reactions up
to 7 days post-booster vaccination and unsolicited AEs up to
30 days post-booster vaccination. Serious AEs (SAEs), includ-
ing AEs of special interest (AESIs), were assessed by the inves-
tigator, collected throughout the trial and recorded through the
electronic data capture system; unsolicited non-serious AEs
were graded on a 3-point intensity scale as previously
described.” Relationship to vaccination was assessed by the
investigator for unsolicited systemic AEs that occurred within
30 minutes of vaccination, unsolicited nonserious AEs occur-
ring between Day 0 and Day 30 post-booster vaccination and
SAEs occurring throughout the trial; AEs involving the injec-
tion site were presumed to be related to vaccination. AEs were
defined using preferred terms from the Medical Dictionary for
Regulatory Activities (MedDRA) version 21.1.

Statistical analyses

This was a descriptive study; no hypotheses were tested and no
formal sample size calculations were performed. Categorical
variables were summarized and presented as frequency counts
with 95% confidence intervals (Cls) calculated using the exact
binomial distribution (Clopper-Pearson method) for
proportions.”” Bactericidal antibody titers and corresponding
95% ClIs were calculated on Log,, transformed data assuming
normal distribution for the transformed data, with antilog
transformations applied to provide GMTs and their 95% Cls.
For safety results, the numbers and proportions with 95% Cls
were recorded and calculated.

The proportions of participants with hSBA titers >1:4 and >1:8,
and rSBA titers >1:8 and >1:128 with corresponding 95% CIs were
determined. hSBA seroresponse was defined as post-vaccination
titers >1:8 for participants with pre-vaccination titers <1:8, or
a 2 4-fold increase in titers from pre- to post-vaccination for
participants with pre-vaccination titers >1:8. rfSBA seroresponse
was defined as post-vaccination titers >1:32 for participants with
pre-vaccination rSBA titer <1:8 or a >4-fold increase in titers from
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pre- to post-vaccination for participants with pre-vaccination
titers >1:8. GMC:s for the samples and the proportions of partici-
pants achieving levels >0.01, 20.1 and >1.0 IU/mL of antibody
concentrations to tetanus toxoid were determined.

Four analysis sets were used: the full analysis set (FAS), the
full analysis set for persistence (FASP), the per-protocol ana-
lysis set (PPAS) and the safety analysis set (SafAS). The FAS
was defined as participants who received at least one dose of
the study vaccine and had a valid post-vaccination blood sam-
ple result. The FASP was defined as a subset of participants
who had a wvalid pre-vaccination blood sample result.
Persistence of the vaccine immune response was evaluated in
the FASP. The PPAS included all participants from the FAS
who adhered to the protocol-specific inclusion criteria and did
not have the relevant deviations from the study protocol, such
as receiving an alternative vaccine to MenACYW-TT, not
receiving the vaccine in the proper time window or receiving
a protocol-prohibited therapy/medication/vaccine; all immu-
nogenicity analyses were performed on the PPAS. The SafAS
was defined as those participants who had received one dose of
the study vaccine and had any safety data available. Analyses
were conducted using SAS® Version 9.4 or later (SAS Institute
Inc.; Cary, NC).

Results
Study participants

A total of 91 children were enrolled, all of whom received a
booster dose of MenACYW-TT: 42 who had previously
received a primary dose of MenACYW-TT and 49 who
had received a primary dose of MCV4-TT 3 years earlier.
All participants completed the study; there were no early
terminations. Protocol deviations were reported for 6 par-
ticipants, one in the MenACYW-TT-primed group and five
in the MCV4-TT-primed group. An additional participant
in the MenACYW-TT-primed group had a blood sample
that did not produce valid test results for any of the
serogroups (Figure 1). The PPAS therefore included 84
participants: 40 (95.2%) in the MenACYW-TT-primed
group and 44 (89.8%) in the MCV4-TT-primed group
(Figure 1).

Baseline demographics are summarized in Table 1. Mean
age was 3.9 years, overall and in each study group. Equal
numbers of males and females were included in the study
overall, although the MenACYW-TT-primed group had a
majority (62%) of males and the MCV4-TT-primed group
had a majority (61%) of females.

Immunogenicity

Pre-booster immune status

Day 0 (pre-booster) meningococcal hSBA GMTs ranged from
12.1 (serogroup A) to 106 (serogroup C) in the MenACYW-
TT-primed group and from 11.7 (serogroup C) to 21.9 (ser-
ogroup W) in the MCV4-TT-primed group (Figure 2a);
meningococcal hSBA GMTs were higher (non-overlapping
95% ClIs) for serogroup C and, to a lesser extent, for serogroups
W and Y (non-overlapping 95% Cls), in the MenACYW-TT-
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MenACYW-TT primed

MCVA-TT primed

(N=42) (N=49)
4 v
SafAS MenACYW-TT primed MCV4-TT primed
(N=42) (N=49)
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n=1 .. . .
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specified time window
the serogroups
v v
PPAS

MenACYW-TT primed
(N=40)

Figure 1. Study groups, participant disposition, and protocol deviations.

MCVA-TT primed
(N=44)

Table 1. Baseline demographics in MenACYW-TT primed and MCV4-TT primed study groups — SafAS.

MenACYW-TT primed MCVA4-TT primed All
(N=42) (N =49) (N=091)
Sex, n (%)
Male 26 (61.9) 19 (38.8) 45 (49.5)
Female 16 (38.1) 30 (61.2) 46 (50.5)
Age, years
Mean (SD) 3.9 (0.35) 3.9 (0.33) 3.9 (0.34)

N, number of participants in the safety analysis set; n, number of participants fulfilling the item listed in the first column; SD, standard

deviation; SafAS, safety analysis set

primed group than in the MCV4-TT-primed group; serogroup
A titers were comparable between groups (Figure 2a). All
participants (100%) had hSBA titers >1:8 for serogroup C in
the MenACYW-TT-primed group at Day 0, compared with
54.5% in the MCV4-TT-primed group; there was a trend
toward slightly higher proportions (overlapping 95% ClIs) for
serogroups W and Y, and toward lower proportions (over-
lapping 95% ClIs) for serogroup A in the MenACYW-TT-
primed group compared with the MCV4-TT-primed group
(Figure 3a).

Similar results were observed for GMTs of rSBA against
meningococcal serogroup C, with higher levels (non-overlap-
ping 95% Cls) in the MenACYW-TT-primed group than the
MCV4-TT-primed group; rSBA titers were comparable
between groups for serogroups A, W and Y (Figure 2b). The
proportion of participants with rSBA titers 21:8 (Figure 3a) or
>1:128 (Supplementary Figure 1) was also higher in the
MenACYW-TT-primed group than the MCV4-TT-primed
group for serogroup C.

Vaccine response at Day 30 post-booster

At 30 days post-booster, meningococcal hSBA GMTs increased
for all four serogroups, with the greatest increase observed for
serogroup C among MenACYW-TT-primed participants; Day
30 hSBA GMTs ranged from 763 (serogroup A) to 5894 (ser-
ogroup C) in the MenACYW-TT-primed group and from 659
(serogroup A) to 3444 (serogroup W) in the MCV4-TT-
primed group (Figure 2a). High rSBA GMTs were also
observed at Day 30 post-booster across serogroups, with the
highest titers observed for serogroup W (Figure 2b).

All participants (100%) had meningococcal hSBA titers >1:8
for the four serogroups at Day 30 post-booster in both study
groups, except for serogroup W in the MenACYW-TT-primed
group (97.5% of participants; Figure 3a); all participants
(100%) had meningococcal rSBA titers >1:8 (Figure 3b) and
>1:128 at Day 30 post-booster dose (Supplementary Figure 1)
for all serogroups in both study groups. Most participants had
>4-fold rise in hSBA and rSBA titers at Day 30 post-booster
dose in both groups (295.0% in the MenACYW-TT-primed
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B MenACYW-TT primed (N=40)
W MCVA-TT primed (N=44)

19793
16103

119 126

B MenACYW-TT primed (N=40)
= MCVA-TT primed (N=44)

Figure 2. GMTs at baseline (Day 0) and Day 30 after MenACYW-TT booster dose as assessed by (a) hSBA and (b) rSBA in both MenACYW-TT primed and MCV4-TT primed

study groups — PPAS.

group and >95.5% in the MCV4-TT-primed group for hSBA
titers; and 292.3% and >81.8%, respectively, for rSBA titers;
Table 2).

Most participants in both study groups demonstrated hSBA
and rSBA vaccine seroresponse at Day 30 (Supplementary
Table 1).

Antibody persistence

Meningococcal hSBA and rSBA GMTs decreased as
expected over the 3 years from 30 days post-primary
vaccination in the MET54 study to Day 0 of the current
study, for all serogroups and in both study groups.
However, hSBA and rSBA GMTs in the FASP (N = 91)
were higher at Day 0 of the current study than those
observed for paired sera pre-primary vaccination in
MET54 (Figure 4). Most participants retained hSBA titers
>1:8 for the four serogroups in both groups at Day 0 of
the current study (ranging from 66.7% [serogroup A] to

100% [serogroup C] in the MenACYW-TT-primed group
and from 57.1% [serogroup C] to 89.8% [serogroup Y] in
the MCV4-TT-primed group); similar trends were
observed for the proportion of participants with rSBA
titers above >1:8 and >1:128 for serogroups A, W and Y
in both study groups and for serogroup C in the
MenACYW-TT-primed group. In the MCV4-TT-primed
group, for serogroup C, the proportions of participants
with rSBA titers above >1:8 and 2>1:128 dropped from
98.0% and 93.9% at 30 days post-primary vaccination,
respectively, to 42.9% and 22.4% at Day 0 of the current
study, respectively (Supplementary Table 2).

Booster effect

The hSBA titers were consistently higher 30 days post booster
versus pre-booster dose for all four serogroups in both study
groups; this was particularly marked in the MenACYW-TT-
primed group relative to the MCV4-TT-primed group for
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Proportions with hSBA titers 21:8, %

Proportions with rSBA titers 21:8, %
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B MenACYW-TT primed (N=40)
W MCV4-TT primed (N=44)

B MenACYW-TT primed (N=40})
W MCVA-TT primed (N=44)

Figure 3. Proportion of participants with hSBA (a) and rSBA (b) titers >1:8 at pre-booster dose (Day 0) and Day 30 after MenACYW-TT booster dose in both MenACYW-TT

primed and MCV4-TT primed study groups — PPAS.

Table 2. Proportion of participants with >4-fold rise of hSBA and rSBA titers at Day 30 relative to baseline (Day 0) in both MenACYW-TT primed and MCV4-TT primed

study groups — PPAS.

Participants with >4-fold rise in titers

MenACYW-TT primed(N = 40)

% (95% Cl)

MCVA4-TT primed(N = 44)

n/M

% (95% Cl)

n/M

hSBA

A 40/40

C 38/40

w 39/40

Y 40/40
rSBA

A 36/39

C 37/39

w 39/39

Y 39/39

100 (91.2, 100)
95.0 (83.1,99.4)
97.5 (86.8, 99.9)
100 (91.2, 100)

92.3(79.1,98.4)
94.9 (82.7,99.4)
100 (91.0, 100)
100 (91.0, 100)

42/44
44/44
44/44
44/44

36/44
43/44
44/44
44/44

95.5 (84.5, 99.4)
100 (92.0, 100)
100 (92.0, 100)
100 (92.0, 100)

81.8 (67.3,91.8)
97.7 (88.0, 99.9)
100 (92.0, 100)
100 (92.0, 100)

hSBA, serum bactericidal assay using human complement; M, number of participants with available data for the relevant endpoint; N, number of participants in the per-
protocol analysis set; n, number of participants with >4-fold rise; PPAS, per-protocol analysis set; rSBA, serum bactericidal assay using baby rabbit complement

serogroup C (Figure 4a). For rSBA, higher titers were observed W and Y; for serogroup A, post-primary and post-booster

post-booster than post-primary vaccination for serogroups C,

levels were comparable (Figure 4b).
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Figure 4. Three-year immune persistence of primary dose and antibody response following booster dose of MenACYW-TT measured by hSBA (a) and rSBA (b) GMTs in
both MenACYW-TT primed and MCV4-TT primed study groups — FASP.

Tetanus toxoid response (2.11, 4.31) in MenACYW-TT-
GMCs (95% CIs) of tetanus toxoid antibodies increased from
pre- to 30 days post-booster vaccination in both study

groups: from 3.12 IU/mL (2.05, 4.75) and 3.02 IU/mL

Table 3. Summary of safety outcomes from baseline (Day 0) to Day 30 after MenACYW-TT booster dose in MenACYW-TT primed and
MCV4-TT primed study groups — SafAS.

% (95% Cl)

MenACYW-TT primed MCVA4-TT primed

(N=42) (N = 49)
Immediate 0 0
Unsolicited AE 0(0, 8.4) 0(0,7.3)
Unsolicited AR 0(0, 8.4) 0(0,7.3)

Solicited reaction
Injection site reaction
Grade 3
Pain
Erythema
Swelling
Systemic reaction
Grade 3
Fever
Headache
Malaise
Myalgia
Unsolicited AE
Grade 3 unsolicited non-serious AE
Unsolicited AR
Grade 3 unsolicited non-serious AR
SAE
Death

83.3 (68.6, 93.0)
81 .0 (65.9,91.4)
5 (2.7, 22.6)
61 9 (45.6, 76.4)
52.4 (36.4, 68.0)
38.1 (23.6, 54.4)
45.2 (29.8, 61.3)
2.4 (0.1, 12.6)
7.1(1.5, 19.5)
19.0 (8.6, 34.1)
31.0 (17.6, 47.1)
33.3(19.6, 49.5)
52.4 (36.4, 68.0)
0(0, 84)
0(0, 84)
0(0, 84)
0 (0, 8.4)
0(0, 84)

87.8 (75.2,95.4)
79.6 (65.7, 89.8)
12.2 (4.6, 24.8)
714 (56.7, 83.4)
55.1 (40.2, 69.3)
38.8(25.2, 53.8)
46.9 (32.5, 61.7)
0 (0,7.3)
2 (2.3, 19.6)
28 6 (16.6, 43.3)
30.6 (18.3, 45.4)
429 (288, 57.8)
30.6 (18.3, 45.4)
0(0,7.3)
10.2 (3.4, 22.2)
0(0,7.3)
0(0,7.3)
0(0,7.3)

AE, adverse event; AR, adverse reaction; Cl, confidence interval; N, number of participants in safety analysis set; SAE, serious adverse
event; SafAS, safety analysis set

and MCV4-TT-primed
groups, respectively, to 10.4 IU/mL (8.41, 12.8) and 9.36
IU/mL (7.61, 11.5) for MenACYW-TT- and MCV4-TT-
primed groups, respectively.
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Pre-booster dose, all participants (100%) in both study
groups had tetanus toxoid antibody concentrations >0.1 TU/
mL and most (82.1% [32/39] in the MenACYW-TT-primed
and 81.8% [36/44] in the MCV4-TT-primed group) had con-
centrations 21 IU/mL. At Day 30 post-booster dose, all parti-
cipants (100%) had tetanus toxoid antibody concentrations >1
IU/mL.

Safety

There were no immediate unsolicited AEs or ARs after the
booster dose in either study group (Table 3). Solicited injection
site and systemic reactions reported between Days 0 and 7 are
summarized in Table 3. The proportions of participants with at
least one solicited injection site or solicited systemic reactions
were comparable between the two study groups.

In both study groups, the majority of injection site reactions
were Grade 1 or Grade 2 in intensity, with pain and erythema
being the most frequently reported reactions (Table 3); all
started within 1-3 days post-vaccination and all resolved
within 1-7 days. Most solicited systemic reactions were
Grade 1 or Grade 2 in intensity, started within 1-3 days post-
vaccination and resolved within 1-3 days; myalgia (33.3%) and
malaise (31%) were the most frequent reactions (Table 3).

Unsolicited AEs and ARs reported between Days 0 and 30
are summarized in Table 3. All unsolicited non-serious AEs
and ARs were of Grade 1 or Grade 2 intensity and most
resolved within 1-3 days. Five participants in the MCV4-TT-
primed group (10.2% [5/49]) reported at least one unsolicited
non-serious AR: nasopharyngitis, nausea, abdominal pain, and
gastroenteritis each in different participants, and urticaria and
swelling of the face in another single participant; the urticaria
and swelling of the face were both of Grade 1 intensity, started
on Day 0 and resolved after 1 day without leading to any SAE.

No SAEs (including deaths) were reported during the study,
and there were no study discontinuations due to an AE.

Discussion

This descriptive Phase III study showed for the first time that a
booster dose of MenACYW-TT vaccine in children 4-5 years
old, who had been vaccinated approximately 3 years earlier
with a single dose of MenACYW-TT or MCV-TT, was immu-
nogenic and well tolerated. We observed a robust booster
response for all four meningococcal serogroups following a
single booster dose of MenACYW-TT in children primed
with MenACYW-TT or MCV4-TT. The immunogenicity of a
booster dose of MenACYW-TT was previously demonstrated
in adults and adolescents (215 years old) who were primed
with MCV4-DT or MCV4-CRM vaccines 4-10 years earlier.”!
The findings of the current study thus support evidence that
MenACYW-TT can elicit robust booster responses against
meningococcal serogroups A, C, W and Y, irrespective of the
meningococcal vaccine used for primary vaccination.

Despite the expected waning over the three-year period
following primary vaccination, the levels of antibody against
meningococcal serogroups A, C, W and Y remained higher at
the pre-booster time-point than at the pre-primary time-point,
suggesting persistence of the antibody response up to 3 years

after primary vaccination. Furthermore, the majority of parti-
cipants had hSBA titers >1:8 at the pre-booster visit, and there-
fore may already have had protection against IMD at this time.
The waning of antibody levels in this study is consistent with
observations following primary vaccination with other licensed
MCV4 vaccines in children and infants,>’>%7® whereby
meningococcal antibody responses waned but remained higher
than at baseline over 4 and 10 years following primary vaccina-
tion with MCV4-TT in toddlers (12-23 months of age) and
children (2-11 years of age),”*** up to 5 years following
MCV4-CRM primary vaccination in children (40-60 months
of age) and 3-5 years in infants and toddlers.””*' Evidence of
waning antibody responses after primary vaccination in chil-
dren prompted the recommendation from ACIP (USA) to
administer a booster dose for children deemed to be at
increased risk of meningococcal infection; for those under the
age of 7 years, a booster dose is recommended 3 years after
completion of the primary series and for those 7 years old or
older, 5 years after primary vaccination, and at regular intervals
thereafter.”

The response following MenACYW-TT booster vaccina-
tion in this study was particularly marked for serogroup C
in MenACYW-TT primed children, regardless of the bac-
tericidal assay (hSBA or rSBA) used. Notably, a strong
serogroup C response was also observed after the primary
MenACYW-TT dose in the MET54 study, and this was
maintained over the 3-year period between the MET54
and MET62 studies. However, it should be noted that the
number of participants included in this analysis (in the
FASP) was small (42 participants), indicating the need to
confirm this observation in a large population of
participants.

In Europe, where IMD is most commonly caused by
serogroups B and C, successful implementation of the
MCC vaccine into national childhood immunization pro-
grams led to a significant reduction in annual notification
rates of meningococcal C disease by 17.5% between 2004 and
2014.* Most European countries have introduced a booster
dose of meningococcal C vaccines in toddlers to maintain
protective  antibody levels against serogroup C.*
Furthermore, the increase in the prevalence of serogroup
W in Europe over the last decade has led several European
countries, such as the UK, Netherlands, Italy and Spain, to
introduce an MCV4 into their routine vaccination schedule.”
If the findings from the current study are confirmed in
larger datasets, MenACYW-TT could provide an alternative
means of boosting immunity not only against serogroup C
but also against other serogroups in Europe.

Participants in both study groups demonstrated an increase
in GMCs of tetanus toxoid antibodies following the administra-
tion of the MenACYW-TT booster dose, due to the presence of
tetanus toxoid as a carrier protein. Similar responses were
observed in the MET54 study following a primary dose of either
MenACYW-TT or MCV4-TT, and are in line with previous
observations that TT and other protein carriers (DT and
CRM) within conjugated vaccines induce a protective immune
response against these carriers (diphtheria toxoid in MCV4-DT
[Menactra®], CRM197 in MCV4-CRM [Menveo®]).** The anti-
tetanus toxoid immune response indicates that the use of the



tetanus toxoid protein in MenACYW-TT vaccine does not have
an adverse effect on the tetanus immunogenicity.

Moreover, booster vaccination with MenACYW-TT in pre-
school children, 3 years after the primary dose given as tod-
dlers, revealed no apparent safety concerns. AEs and ARs were
of mild (Grade 1) or moderate (Grade 2) intensity.

One of the strengths of the study was the credibility of
the antibody titer data since both hSBA and rSBA antibody
assays were performed in the same environment (GCI
Sanofi Pasteur and Public Health England, respectively) in
both MET54 and MET62 studies. However, there were
some limitations. Results were only descriptive due to the
small sample numbers (N = 91), which may limit the
generalizability of these results. Our findings would there-
fore need to be confirmed in larger datasets. Additionally,
there was an imbalance in the gender ratio between the
study groups, which arose unintentionally at randomization
in the MET54 study. Despite this gender imbalance, no
difference was observed between the two groups in terms
of the immune response to the priming vaccines.”
Furthermore, there is no published evidence of a potential
impact of gender on the immune response to the study
vaccine. It is therefore unlikely that the imbalance in gen-
der ratio between the study groups would have affected the
booster responses observed in the current study.

This study showed that MenACYW-TT can elicit a robust
booster response against all of the meningococcal serogroups
contained in the vaccine in MenACYW-TT primed and
MCV4-TT primed children, without safety concerns. If con-
firmed in a larger dataset, the MenACYW-TT vaccine could be
considered for use as a booster following primary vaccination
with a MCV4 vaccine, including MenACYW-TT, to maintain
continued immunity against meningococcal infection in pre-
school aged children.
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