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Abstract

Vaccination remains the best strategy to reduce invasive meningococcal disease. This study
evaluated an investigational tetanus toxoid-conjugate quadrivalent meningococcal vaccine
(MenACYW-TT) vs. a licensed tetanus toxoid-conjugate quadrivalent meningococcal vaccine
(MCV4-TT) (NCT02955797). Healthy toddlers aged 12-23 months were included if they
were either meningococcal vaccine-naive or MenC conjugate (MCC) vaccine-primed (>1
dose of MCC prior to 12 months of age). Vaccine-naive participants were randomised 1:1
to either MenACYW-TT (n =306) or MCV4-TT (n=306). MCC-primed participants were
randomised 2:1 to MenACYW-TT (n=203) or MCV4-TT (n =103). Antibody titres against
each of the four meningococcal serogroups were measured by serum bactericidal antibody
assay using the human complement. The co-primary objectives of this study were to demon-
strate the non-inferiority of MenACYW-TT to MCV4-TT in terms of seroprotection (titres
>1:8) at Day 30 in both vaccine-naive and all participants (vaccine-naive and MCC-primed
groups pooled). The immune response for all four serogroups to MenACYW-TT was non-
inferior to MCV4-TT in vaccine-naive participants (seroprotection: range 83.6-99.3% and
81.4-91.6%, respectively) and all participants (seroprotection: range 83.6-99.3% and 81.4—
98.0%, respectively). The safety profiles of both vaccines were comparable. MenACYW-TT
was well-tolerated and demonstrated non-inferior immunogenicity when administered to
MCC vaccine-primed and vaccine-naive toddlers.

Introduction

Invasive meningococcal disease (IMD) is characterised by high mortality and morbidity, par-
ticularly in children [1, 2]. The incidence of IMD peaks in children under 5 years of age and in
adolescents and young adults, with the greatest mortality in the elderly [3, 4]. In Europe, the
incidence rate of IMD has slowly declined over the period 2000-2016 [5], with an
age-standardised rate of 0.64 confirmed cases per 100,000 and a case fatality rate of 10.4%
in 2016 [6]. Six meningococcal serogroups are responsible for the majority of IMD, serogroups
A, B,C, W, X and Y. In 2017, 96% of confirmed cases of IMD in Europe were caused by ser-
ogroups B, C, W and Y, with serogroup B causing 51% of confirmed cases [4], however, the
contribution of each serogroup varies across the individual European countries. Recent
increases have been seen in cases of IMD due to serogroups W and Y in several European
countries [4, 7-10]; in 2016 these accounted for 17% and 12% of cases, respectively, with
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the highest case-fatality rates observed for serogroup W (14%) [4].
As within Europe, the global patterns of IMD vary; in North
America, the predominant serogroups are B and Y; in South
America, serogroups B and C are the most prevalent; while in
Australia, serogroup B contributes the most to IMD [11].
Increases in IMD due to serogroup W are also being seen in
other regions, such as Australia and Canada [12-14].

Vaccination remains the best strategy to control meningococ-
cal disease [15]; however, prevention of IMD is challenging given
its dynamic and unpredictable epidemiology [7]. Meningococcal
polysaccharide protein-conjugated vaccines (MCVs) using carrier
proteins (diphtheria toxoid (DT), diphtheria CRM;9; (CRM) or
tetanus toxoid (T'T)) are available against single meningococcal
serogroups (PsA-TT (MenAfriVac™; Serum Institute of India,
Pune, India) against serogroup A for 1-29-year-olds in
sub-Saharan Africa; MenC-CRM (Menjugate®; GlaxoSmithKline
Vaccines Srl, Siena, Italy) and MenC-TT (NeisVac-C™; Pfizer
Ltd, Kent, UK) against serogroup C, for children from 2 months
of age, adolescents and adults in Europe and North America) and
against multiple serogroups (quadrivalent vaccines (MCV4)
against A, C, W and Y: MCV4-DT (Menactra®, Sanofi Pasteur,
USA) for individuals >9 months to 55 years of age in the USA;
MCV4-TT (Nimenrix®, Pfizer Europe, Belgium) for individuals
>6 weeks of age in the European Union; and MCV4-CRM
(Menveo®, GlaxoSmithKline, Italy) for individuals 2 months to
55 years of age in the USA and >2 years in the European Union).

The meningococcal vaccination schedule varies across the
individual European countries [16], with differences between
countries only partly accounted for by differences in local IMD
epidemiology. Modification of the vaccination schedule was
seen with the introduction of monovalent MenC conjugate
(MCC) vaccines, firstly in the UK in 1999, followed by several
other countries in Europe, which led to a significant decrease in
IMD due to MenC [11, 17-19]. Vaccination with MCC vaccines
has now been introduced into the national routine childhood
immunisation programmes of 15 EU/EEA countries [16], where
MenC-TT vaccine is more widely used than MenC-CRM. More
recently, in response to the increasing incidence of cases due to
serogroup W in Europe, there has been a progressive switch
from MCC to MCV4 vaccines in childhood; thus, among those
countries that recommend meningococcal vaccine during child-
hood, some use a mixture of MCC and MCV4 vaccines according
to age group (e.g. Italy, Spain and the UK) while others offer
exclusively MCC (e.g. Belgium, France and Germany) or exclu-
sively MCV4 (e.g. the Netherlands) [4, 16, 20].

MenACYW-TT vaccine (Sanofi Pasteur, USA) is an investiga-
tional tetanus toxoid-conjugate quadrivalent meningococcal vac-
cine developed for use in individuals 6 weeks of age and older.
Previous studies have demonstrated its immunogenicity and safety
in toddlers, children, adolescents and adults (including those >65
years) [21-24]. This study was conducted in Europe to evaluate
the immunogenicity and safety of a single dose of MenACYW-TT
compared to a single dose of MCV4-TT in toddlers aged 12-23
months who were either meningococcal vaccine-naive or who had
received a MCC vaccine in the first year of life.

Methods
Study design and participants

This was a Phase III, modified double-blind, randomised,
parallel-group, an active-controlled study conducted from 24
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February 2017 to 26 October 2017 (study period) at 34 sites
over four countries; Germany, Finland, Hungary and Spain
(NCT02955797). Healthy toddlers aged 12-23 months were
recruited if they were either meningococcal vaccine-naive or if
they had received at least one dose of MCC vaccine prior to 12
months of age (MCC-primed). Participating countries were
selected according to their national immunisation programmes/
recommendations, in order to include both meningococcal
vaccine-naive and MCC-primed participants: in Germany, MCC
vaccine is recommended from only 12 months of age and
Finland does not include a meningococcal vaccine in their
national immunisation programme; while in Hungary and
Spain, MCC vaccines are recommended from infancy.
Participants were eligible for inclusion if their parents or guar-
dians had provided signed informed consent prior to the start
of the study and they had received all recommended
standard-of-care non-meningococcal vaccinations according to
their age as per local regulations. Participants were excluded if
they had been involved in another clinical trial in the 4 weeks
prior to the start of the present study, or had planned simultan-
eous participation in another trial, receipt of any vaccine in the
28 days preceding the trial vaccination or planned to receive
another vaccine prior to Visit 2 (30-44 days after the vaccination
at Day 0), except for influenza vaccination, or had previous vac-
cination with a MCV4 or with a meningococcal B vaccine.
Among the other exclusion criteria are a history of an
Arthus-like reaction after vaccination with a tetanus toxoid-
containing vaccine, a history of Guillain-Barré syndrome (GBS),
or meningococcal infection confirmed either clinically, serologic-
ally, or microbiologically, or a demonstrable high risk of menin-
gococcal infection during the trial or known systemic
hypersensitivity to any of the vaccine’s components, or a history
of a life-threatening reaction to these components.

Meningococcal vaccine-naive participants were randomised
1:1 by an Interactive Web Response System to receive a single
dose at Day 0 of either MenACYW-TT or MCV4-TT vaccine
and MCC-primed participants were randomised 2:1 to receive a
single dose at Day 0 of either MenACYW-TT or MCV4-TT vac-
cine. MCC-primed participants were also stratified by the priming
vaccine (MenC-TT (NeisVac-C*) or MenC-CRM (Menjugate®));
to ensure adequate representation of participants with both the
MCC vaccines, 25-50% of participants had to be primed with
MenC-CRM. Participants, their parents/guardians, investigators
and study technicians were unaware of treatment assignments
throughout the study. An unblinded vaccine administrator admi-
nistered the appropriate vaccine but was not involved in the col-
lection of safety data.

MenACYW-TT (Sanofi Pasteur) was supplied as 0.5 ml liquid
solution in single-use vials and contained 10 pg of each serogroup
(A, C, W and Y) and approximately 55 ug of tetanus toxoid pro-
tein carrier per dose. MCV4-TT (Nimenrix®, Pfizer) was supplied
as a powder in a vial with the accompanying solvent in a pre-filled
syringe for reconstitution to 0.5ml and contained 5 pg of each
serogroup (A, C, W and Y) and 44 pg of tetanus toxoid protein
carrier per dose. Both vaccines were administered intramuscularly.

The appropriate independent ethics committees and institu-
tional review boards approved the study prior to its initiation.
The conduct of this study was consistent with standards estab-
lished by the Declaration of Helsinki and compliant with the
International Conference on Harmonisation guidelines for
Good Clinical Practice, including all local and/or national regula-
tions and directives.
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Immunogenicity

All participants were to provide blood samples for immunogenicity
assessments at baseline (Day 0; pre-vaccination) and at Day 30 (30-
44) post-vaccination. A serum bactericidal antibody assay using
human complement (hSBA; Global Clinical Immunology, Sanofi
Pasteur, Swiftwater, PA, USA) was used to measure functional anti-
bodies against meningococcal serogroups A, C, W and Y with a
lower limit of quantification (LLOQ) of 1:4. In a subset of partici-
pants, a serum bactericidal assay with rabbit complement (rSBA;
Public Health England, Manchester, UK) was used to measure anti-
bodies against meningococcal serogroups A, C, W and Y with a
LLOQ of 1:4. Seroprotection was defined as hSBA titres >1:8 at
Day 30 and hSBA vaccine seroresponse was defined for a partici-
pant with a pre-vaccination titre <1:8 as a post-vaccination titre
>1:16 and for a participant with a pre-vaccination titre >1:8, as
at least a 4-fold greater titre than pre-vaccination. rSBA vaccine ser-
oresponse was defined as a post-vaccination rSBA titre >1:32 for
participants with pre-vaccination rSBA titre <1:8, or a post-
vaccination titre >4 times the pre-vaccination titre for participants
with pre-vaccination rSBA titre >1:8 [25-27].

The co-primary objectives of this study assessed the non-
inferiority of a single-dose of MenACYW-TT vs. MCV4-TT in
the proportion of participants with hSBA seroprotection to each of
the meningococcal serogroups A, C, W and Y at Day 30 in those
who were meningococcal vaccine-naive and in participants who
were either meningococcal vaccine-naive or MCC-primed. The
secondary objectives were the comparisons of antibody responses
in terms of geometric mean titres (GMTs) measured by hSBA at
Day 0 and Day 30 after MenACYW-TT or MCV4-TT in menin-
gococcal vaccine-naive participants, MCC-primed participants
and in participants who were either meningococcal vaccine-naive
or MCC-primed.

Additional observational objectives described the functional
antibody responses to MenACYW-TT and MCV4-TT as measured
by rSBA, and also described the antibody vaccine seroresponse to
serogroups A, C, W and Y, measured by hSBA at Day 0 and Day 30
in MenACYW-TT or MCV4-TT recipients who were meningococ-
cal vaccine-naive, MCC-primed and in participants who were
either meningococcal vaccine-naive or MCC-primed.

Safety

All participants were observed for 30 min after vaccination to assess
the occurrence of unsolicited systemic adverse events (AEs).
Participants’ parents/guardians were provided with diary cards
and instructed to record information on solicited injection site reac-
tions (tenderness, erythema and swelling) and systemic reactions
(fever, vomiting, abnormal crying, drowsiness, appetite loss, irrit-
ability) from Day 0 to Day 7 post-vaccination and unsolicited
AEs through to Day 30. Serious AEs (SAEs) were recorded through-
out the duration of the study for each participant (from vaccination
up to Day 30 + up to 14 days permitted window for the final visit).
Parents or guardians were asked to inform the Investigators of any
potential SAEs immediately. AEs of special interest (AESI; included
as a requirement of EU regulators) were generalised seizures (febrile
and non-febrile), Kawasaki disease, GBS and idiopathic thrombocy-
topenic purpura and were reported as SAEs during the study period.
The AESI list was developed as guided by the European Medicines
Agency driven by generic AEs observed with the currently licensed
MCV4s and was not based on any events or signals observed with
this investigational vaccine.
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Statistical analyses

With the planned enrolment of 510 participants in the
MenACYW-TT groups and 408 participants in the MCV4-TT
groups, the study would have an overall power of 88% to demon-
strate both co-primary objectives: (1) non-inferiority of a single-
dose of MenACYW-TT to that of MCV4-TT in participants
who were meningococcal vaccine-naive, with an alpha level of
2.5% (1-sided hypotheses) and under the assumption that
approximately 80% of participants were evaluable (n =243 parti-
cipants per group), the overall power was over 90% using the
Farrington and Manning formula; (2) non-inferiority of a single-
dose of MenACYW-TT to that of MCV4-TT in participants who
were either meningococcal vaccine-naive or MCC-primed with an
alpha level of 2.5% (1-sided hypotheses) and under the assump-
tion that approximately 80% of participants were evaluable, the
overall power was over 98% (based on simulations using the
Minimum Risk weights method with the null variance).

All immunogenicity analyses were performed on the per-
protocol analysis set (PPAS), which comprised participants who
met all eligibility criteria, received the study vaccine according to
randomisation, had a valid post-vaccination serology result and
had no protocol deviations that affected the participant’s immune
response. Safety assessments were carried out on the safety analysis
set (SafAS), which included all participants who had received at
least one dose of study vaccine and had safety data available.
Categorical variables were summarised and presented as frequency
counts with 95% confidence intervals (CIs) calculated using the
normal approximation for quantitative data and the exact binomial
distribution (Clopper-Pearson method) for percentages.

For both co-primary objectives, the non-inferiority of the hSBA
seroprotection for each of the serogroups, A, C, W and Y, was tested
separately. If the lower limit of the 2-sided 95% CI of the difference
between the MenACYW-TT and MCV4-TT groups in terms of per-
centages of participants who achieved an hSBA seroprotection was
>-10%, the inferiority assumption was rejected. The overall non-
inferiority of each co-primary objective was demonstrated if all
four individual null hypotheses were rejected. For the first
co-primary endpoint, in meningococcal vaccine-naive participants,
the CI of the difference in proportions was computed using the
Wilson Score method without continuity correction. For the second
co-primary endpoint, non-inferiority in participants who were men-
ingococcal vaccine-naive or MCC-primed, the 95% CI of the differ-
ence was stratified on the priming status (meningococcal
vaccine-naive or MCC-primed) and calculated using the Wald
method (normal approximation). The weighted average of the dif-
ference over strata was calculated using the Minimal Risk weights
with the null variance method.

For GMTs, the 95% ClIs of point estimates were calculated
using normal approximation assuming they are log-normally dis-
tributed. For the comparison of GMTs in participants who either
were meningococcal vaccine-naive or MCC-primed, the 95% CI
of the ratio of post-vaccination GMT's was stratified on the prim-
ing vaccination status (meningococcal vaccine-naive or
MCC-primed) and calculated using an analysis of variance
(ANOVA) model of logl0-transformed titres.

Results
Study participants

The study enrolled 918 participants; meningococcal vaccine-naive
participants were enrolled in Finland (n=356 (38.8%)) and


https://doi.org/10.1017/S0950268821000261

Randomized N=918

|

D. van der Vliet et al.

Meningococcal Vaccine-Naive
MenACYW-TT (N=306)

Meningococcal Vaccine-Naive
MCV4-TT (N=306)

MenC-primed
MenACYW-TT (N=203)

MenC-primed
MCV4-TT (N=103)

‘ Vaccinated (N=303) |

‘ Vaccinated (N=306) |

| Vaccinated (N=203) ‘

‘ Vaccinated (N=102) ‘

Discontinued (N=3

Non-compliance n=1

Lost to follow-up n=0
Voluntary withdrawal n=2

Discontinued (N=3)
Non-compliance n=0

Lost to follow-up n=1 —

Voluntary withdrawal n=2

Discontinued (N=0)
Non-compliance n=0
Lost to follow-up n=0
Voluntary withdrawal n=0

Discontinued (N=2)
Non-compliance n=1
Lost to follow-up n=0

Voluntary withdrawal n=1

Completed (N=303) |

[ Completed (N=303) |

| Completed (N=203) ‘

[ Completed (N=101)

Fig. 1. Participant disposition.

Table 1. Baseline demographics (all randomised participants)

Meningococcal vaccine-naive

MCC-primed

MenACYW-TT (N =306)

MCV4-TT (N = 306)

MenACYW-TT (N =203) MCV4-TT (N = 103)

Gender, male, n (%) 166 (54.2) 161 (52.6) 106 (52.2) 50 (48.5)
Mean age, months (s.o.) 16.1 (3.32) 16.2 (3.19) 14.0 (3.01) 13.8 (2.72)
Racial origin, n (%)
White 115 (37.6) 132 (43.1) 197 (97.0) 99 (96.1)
Asian 1(0.3) 1(0.3) 0 (0.0) 1 (1.0)
Black/African American 0 (0.0) 2 (0.7) 0 (0.0) 1 (1.0)
American Indian/Alaska Native 0 (0.0) 0 (0.0) 1 (0.5) 0 (0.0)
Mixed origin 2 (0.7) 3(1.0) 5(2.5) 2 (1.9)
Missing® 188 (61.4) 168 (54.9) 0 (0.0) 0 (0.0)
Ethnicity, n (%)
Hispanic or Latino 1(0.3) 0 (0.0) 105 (51.7) 50 (48.5)
Not Hispanic or Latino 117 (38.2) 138 (45.1) 98 (48.3) 52 (50.5)
Missing® 188 (61.4) 168 (54.9) 0 (0.0) 1 (1.0)

MCC, meningococcal C conjugate vaccine; N, number of participants randomised; n, number of participants fulfilling the item listed; s.o., standard deviation.

®Racial origin and ethnicity were not collected in Finland as per local regulations.

Germany (n=256 (27.9%)) and MCC-primed participants were
enrolled in Hungary (n =145 (15.8%)) and Spain (n =161 (17.5%)).
Among those who were meningococcal vaccine-naive, 306 were ran-
domised to receive MenACYW-TT and 306 to receive MCV4-TT;
among MCC-primed participants, 203 were randomised to the
MenACYW-TT group and 103 to the MCV4-TT group (Fig. 1).
Among MCC-primed participants who received MenACYW-TT,
151 (744%) and 52 (25.6%) participants were MenC-TT and
MenC-CRM-primed, respectively. Of those who received
MCV4-TT, 77 (74.8%) and 26 (25.2%) participants were MenC-TT
and MenC-CRM-primed, respectively. Baseline demographic charac-
teristics were well-balanced between the vaccine groups (Table 1).

Immunogenicity

The immune response to MenACYW-TT was non-inferior to that
induced by MCV4-TT when administered as a single dose in
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meningococcal vaccine-naive participants, based on the propor-
tion of participants achieving hSBA seroprotection against all
four serogroups at Day 30 (Table 2). The immune response to
MenACYW-TT was also non-inferior to that induced by
MCV4-TT when administered as a single dose in participants
who were either meningococcal vaccine-naive or MCC-primed,
based on the proportion of participants achieving hSBA seropro-
tection against all four serogroups at Day 30 (Table 3).
Following vaccination with either MenACYW-TT or MCV4-
TT, the hSBA GMTs increased from baseline for all four ser-
ogroups in both those who were meningococcal vaccine-naive
and those who were MCC-primed (Fig. 2). In participants who
were meningococcal vaccine-naive, the hSBA GMTs at Day 30
were higher for MenACYW-TT recipients than MCV4-TT recipi-
ents for serogroups C and W, while GMTs for serogroups A and
Y were comparable (Fig. 2a). In the participants who were
MCC-primed, the hSBA GMTs at Day 30 for serogroup Y were
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Table 2. Non-inferiority of the proportion of meningococcal vaccine-naive participants who achieved hSBA vaccine seroprotection® at Day 30 with MenACYW-TT
compared with MCV4-TT (PPAS)

MenACYW-TT (N =293) MCV4-TT (N =296) MenACYW-TT - MCV4-TT

Serogroup n % (95% CI) n % (95% Cl) Difference, % (95% Cl) Non—inferiorityb
A 266 90.8 (86.9-93.8) 264° 89.5 (85.4-92.7) 1.3 (-3.6-6.2) Yes
e 291 99.3 (97.6-99.9) 240° 81.4 (76.4-85.6) 18.0 (13.6-22.8) Yes
W 245 83.6 (78.9-87.7) 247 83.4 (78.7-87.5) 0.2 (-5.9-6.2) Yes
Y 273 93.2 (89.7-95.8) 271 91.6 (87.8-94.5) 1.6 (-2.8-6.0) Yes

Cl, confidence interval; n, number of participants with seroprotection®; N, number of participants with available data for the endpoint.
95% CI of the single percentage calculated from the exact binomial method.

95% CI of the difference calculated from the Wilson Score method without continuity correction.

2Seroprotection defined as hSBA titre >1:8.

PThe overall non-inferiority will be demonstrated if the lower limit of the 2-sided 95% Cl of the difference is >~10% for all four serogroups.
“Data available for 295 participants.

Table 3. Non-inferiority of the hSBA antibody response (seroprotection®) for MenACYW-TT compared with MCV4-TT at Day 30 in meningococcal vaccine-naive or
MCC-primed participants (PPAS)

MenACYW-TT (N =491) MCV4-TT (N =395) MenACYW-TT - MCV4-TT

Stratified

Background difference,

Serogroup status n/M % (95% CI) n/M % (95% Cl) % (95% CI) Non-inferiorityb

A Naive 266/293 90.8 (86.9-93.8) 264/295 89.5 (85.4-92.7) -2.03 (-5.84-1.78) Yes
MCC-primed 177/197 89.8 (84.8-93.7) 97/99 98.0 (92.9-99.8)

C Naive 291/293 99.3 (97.6-99.9) 240/295 81.4 (76.4-85.6) 12.1 (8.2-16.1) Yes
MCC-primed 194/196 99.0 (96.4-99.9) 97/99 98.0 (92.9-99.8)

w Naive 245/293 83.6 (78.9-87.7) 247/296 83.4 (78.7-87.5) 0.46 (-4.37-5.28) Yes
MCC-primed 170/196 86.7 (81.2-91.1) 84/98 85.7 (77.2-92.0)

Y Naive 273/293 93.2 (89.7-95.8) 271/296 91.6 (87.8-94.5) 2.24 (-1.34-6.19) Yes
MCC-primed 189/197 95.9 (92.2-98.2) 91/99 91.9 (84.7-96.4)

Cl, confidence interval; MCC, meningococcal C conjugate vaccine; n, number of participants with seroprotection®;, M, number of participants with available data for the endpoint

95% CI of the single percentage calculated from the exact binomial method.

95% Cl stratified on the priming status was calculated using the Wald method (normal approximation)
Weighted average difference over strata calculated using the Minimal Risk weights with the null variance method

2Seroprotection defined as hSBA titre >1:8.

PNon-inferiority concluded if the lower limit of the two-sided 95% CI of the overall difference of proportion stratified on the priming status is >-10%.

higher in the MenACYW-TT than in the MCV4-TT group, lower
for serogroup A and comparable for serogroups C and W (Fig. 2b).
Among the MCC-primed participants further sub stratified into
relatively small sub groups based on the type of MCC vaccine
received at priming, there were some variations in GMTs, particu-
larly for serogroup C where participants in both MenC-TT primed
groups had higher GMTs than those in both MenC-CRM primed
groups (Supplementary Table 1); however, this variability was not
seen in levels of seroprotection which were comparable
(Supplementary Table 2). For serogroup A, GMTs at Day 30
were higher for both MCC priming vaccines in the MCV4-TT
group than in the MenACYW-TT group, with higher GMTs
seen for MenC-TT primed participants (Supplementary Table 1).
The seroprotection against serogroup A did not differ between
MenACYW-TT and MCV4-TT groups who were primed with
MenC-TT. In the MenACYW-TT group, seroprotection rates
were lower for participants primed with MenC-CRM than partici-
pants primed with MenC-TT (Supplementary Table 2).

Thirty days after vaccination, in the pooled population of both
vaccine-naive and MCC-primed participants, the proportion with

https://doi.org/10.1017/50950268821000261 Published online by Cambridge University Press

an hSBA vaccine seroresponse, was higher in the MenACYW-TT
group than in the MCV4-TT group for serogroup C and compar-
able for serogroups A, W and Y, while hSBA GMT's were compar-
able for serogroup A and higher for C, W and Y in the
MenACYW-TT group (Fig. 2¢c and Fig. 3).

In the subgroup of participants with rSBA antibody titres,
at Day 30 the proportion with titres >1:8 and >1:128 were
comparable between vaccine groups for the combined popula-
tion of either meningococcal vaccine-naive or MCC-primed
(Supplementary Table 3), as were the proportions of participants
with rSBA vaccine seroresponse (MenACYW-TT A: 91.8% (95%
CI 86.8-95.3); C: 97.8% (95% CI 94.5-99.4); W 97.8% (95% CI
94.5-99.4); Y: 98.4 (95% CI 95.3-99.7) and MCV4-TT A: 98.7%
(95% CI 95.3-99.8); C: 98.0% (95% CI 94.2-99.6); W 99.3%
(95% CI 96.3-100.0); Y: 96.6 (95% CI 92.3-98.9)).

Safety

In the combined groups of those who were meningococcal-naive
or MCC-primed, the safety profiles of MenACYW-TT and
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Fig. 2. hSBA GMTs at baseline and Day 30 in the MenACYW-TT and MCV4-TT groups in
those who were (a) vaccine-naive, (b) MCC-primed or (c) vaccine-naive and
MCC-primed combined (PPAS). Error bars indicate 95% Cl. GMTR, geometric mean
titre ratio (Day 30 MenACYW-TT/MCV4-TT). GMTR*, ratio stratified on priming
vaccination background and 95% Cl calculated using an analysis of variance
model of log,g-transformed titres.

MCV4-TT were comparable (Table 4). The proportion of partici-
pants reporting at least one solicited systemic reaction and injec-
tion site reaction of any grade was similar in both vaccine groups,
with the most commonly reported injection-site reaction being
injection site tenderness and injection site erythema and the
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most commonly reported solicited systemic reactions being irrit-
ability, abnormal crying and appetite loss. There were no imme-
diate unsolicited AEs or adverse reactions (ARs) in either
vaccine group, or any discontinuations from the study or death
due to an AE, AR or SAE. Seven participants experienced at
least 1 SAE. None of these SAEs was considered as related to
the investigational vaccine by the investigator. The percentages
of participants who reported at least 1 SAE were less than 1%
and comparable between MenACYW-TT and MCV4-TT recipi-
ents. Two AESI were reported in the MenACYW-TT group:
febrile partial seizure with concomitant viral upper respiratory
tract infection occurred in one participant 23 days after vaccin-
ation and generalised non-febrile convulsions following accidental
trauma occurred in another participant 6 days after vaccination;
neither was considered as related to the vaccination by the inves-
tigator and the sponsor. The most commonly reported non-
serious systemic AEs were infections and infestations, with
upper respiratory tract infection the most frequently reported in
12.5% (63/506) and 11.3% (46/408) of participants in the
MenACYW-TT and MCV4-TT groups, respectively. The propor-
tion of participants who had reported at least one Grade 3 unsoli-
cited non-serious systemic AE were similar in both groups (6.1%
(31/506) vs. 5.4% (22/408) in the MenACYW-TT compared with
MCV4-TT group, respectively). The percentages of participants
who reported at least one unsolicited non-serious systemic AR
were low and comparable between MenACYW-TT and MCV4-
TT-recipients: 2.4% (12/506) and 2.7% (11/408), respectively.
None of these events was of Grade 3 intensity.

Solicited reactions tended to be reported with higher frequency
in meningococcal vaccine-naive toddlers than in MCC-primed
toddlers in both the MenACYW-TT and MCV4-TT treatment
groups, particularly for solicited injection site reactions
(Supplementary Table 4). The safety profile of MenACYW-TT
was comparable to that of MCV4-TT in meningococcal
vaccine-naive toddlers. In MCC-primed toddlers, solicited reac-
tions and especially solicited injection site reactions, tended to
be reported with higher frequency in toddlers vaccinated with
MenACYW-TT as compared to toddlers vaccinated with
MCV4-TT (albeit with overlapping 95% Cls). Nevertheless,
both Grade 3 solicited injection site and Grade 3 systemic reactions
were reported in less than 5% of subjects after MenACYW-TT and
did not raise any safety concerns.

Discussion

The immune response to MenACYW-TT was non-inferior to that
of the licensed MCV4-TT when administered as a single dose in
toddlers 12-23 months of age, regardless of their meningococcal
vaccine background (either meningococcal vaccine-naive or had
received monovalent MCC vaccination during infancy) and
both MenACYW-TT and MCV4-TT were well tolerated.
Seroprotection against the four meningococcal serogroups was
demonstrated in 81-99% of participants in both vaccine arms,
with high antibody titres also observed for all serogroups.
Particularly high titres were seen against serogroup C with
MenACYW-TT, in both meningococcal vaccine-naive and
MCC-primed toddlers and slightly lower titres were seen against
serogroup A with MenACYW-TT compared with MCV4-TT in
MCC-primed toddlers.

Previous studies of the effect of subsequent meningococcal
vaccines following MCC priming have demonstrated differences
in titres based on the protein conjugate of the primary and
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booster vaccines, with the highest titres for serogroup C seen with
MCV4-TT [28] or MenC-TT [29, 30] boosting after MenC-TT
priming. In this study, we also saw the highest titres for serogroup
C in the MenC-TT primed groups, as compared to MenC-CRM
primed, following MenACYW-TT or MCV4-TT vaccination.
Although differences were observed for serogroup A GMTs
between the two vaccines in participants primed with MCC vac-
cines, the percentages of participants achieving a hSBA seropro-
tection were high (> 89%) in both meningococcal vaccine-naive
and MCC-primed toddlers after both vaccines. The lower
immune response to serogroup A after vaccination with
MenACYW-TT as compared to MCV4-TT was only observed
in MCC-primed toddlers who had received a the MenC-CRM
vaccine, which contributed approximately 25% of the
MCC-primed population (49 participants who received the
MenACYW-TT vaccine and 25 participants who received the
MCV4-TT vaccine). Since the corresponding differences were
not observed when these study sub groups were evaluated using
seroprotection as an endpoint, these results in a very small popu-
lation should be interpreted with caution.

The robust immune response induced by a single dose of
MenACYW-TT in this study indicates that MenACYW-TT
would be an effective vaccine against IMD by all four serogroups
in those who are meningococcal vaccine-naive, as well as in
those who had previous exposure to a MCC vaccine during the
first year of life. Vaccination programmes against IMD are effective,
as demonstrated by the introduction of MCC vaccination and the
corresponding decrease in the incidence of IMD due to MenC [11,
17-19]. A switch from MCC to MCV4 vaccines would not only
ensure that the protection to serogroup C is maintained, but pro-
vide additional benefits of protection against serogroups A, W and
Y; indeed, the prevention of the particularly virulent strain of ser-
ogroup W which has high morbidity and mortality rates [31, 32, 7]
and of serogroup Y which has been reported at an increased fre-
quency over the past decade, is of particular importance in several
regions [4, 20]. Immunisation against multiple serogroups thus
allows for wider coverage against IMD and may also result in a
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Fig. 3. Proportion of participants with hSBA serore-
sponse” at Day 30 (PPAS). MenACYW-TT or MCV4-TT reci-
pients who were either meningococcal vaccine-naive or
MCC-primed. *Seroresponse defined as follows: for a
participant with a pre-vaccination titre <1:8, the post-
vaccination titre must be >1:16 and for a participant
with a pre-vaccination titre >1:8, the post-vaccination
titre must be a least 4-fold greater than the pre-
vaccination titre. Error bars indicate 95% Cl.

better overall vaccine uptake rate. Furthermore, cost-effectiveness
studies of routine monovalent MCC vs. MCV4 vaccinations in
Canada have shown potential cost benefits for the use of MCV4
vaccines over monovalent MCC vaccines in vaccination pro-
grammes [33, 34]. A separate modelling study of MCC and
MCV4 vaccination in Canada suggests that routine infant immun-
isation with MCV4, followed by a booster at 15 years, may have a
greater impact on reducing IMD than a MCC vaccine alone [35].

The first meningococcal vaccines were polysaccharide vac-
cines, which were immunogenic in adults, but not efficacious dur-
ing the first 2 years of life and did not elicit long-term memory
[36], consequently, protein conjugated polysaccharide vaccines
were developed that triggered T-cell responses in addition to
B-cell responses. Several vaccines are often coadministered as
part of an immunisation programme, with the potential for
both positive and negative immune interference between the pro-
tein carriers and vaccines. Current evidence suggests that even
where the immune interference is negative, the antibody levels
achieved were still above that required for protection [37, 38].
The immune response to the tetanus toxoid conjugate protein
component of the two vaccines in this study was not assessed,
however previous assessment of MenACYW-TT in a phase II
study in toddlers found that the levels of anti-tetanus antibodies
increased following vaccination, with no adverse impact [23].
This is consistent with that seen with other tetanus toxoid conju-
gate vaccines [36] and coadministration of MenACYW-TT with
Tdap and HPV4 vaccines in a phase II study of adolescents
also demonstrated no negative immune interference [22].

While this study was conducted in countries in Europe in tod-
dlers aged 12-23 months and cannot be generalised to other age
groups, the immunogenicity evaluation showed similar trends for
immunogenicity endpoints (hSBA and rSBA seroprotection and
GMTs), suggesting that MenACYW-TT could be suitable in a
broad range of countries regardless of their infant immunisation
programme. In those toddlers who had received a MenC vaccin-
ation during their first year of life, the numbers who had received
previous vaccination with either MenC-TT or MenC-CRM were
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Table 4. Safety overview after vaccine injection (SafAS)
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MenACYW-TT (N =506) MCV4-TT (N =408)

Participants experiencing at least one: Maximum intensity (grade) n/N % (95% CI) n/N % (95% Cl)
Within 30 min after vaccine injection
Immediate unsolicited AE Any 0/506 0.0 (0.0-0.7) 0/408 0.0 (0.0-0.9)
Immediate unsolicited AR Any 0/506 0.0 (0.0-0.7) 0/408 0.0 (0.0-0.9)
Within 7 days after vaccination
Solicited injection site reaction Any 261/506 51.6 (47.1-56.0) 214/407 52.6 (47.6-57.5)
Grade 3 20/506 4.0 (2.4-6.0) 12/407 2.9 (1.5-5.1)
Tenderness Any 177/506 35.0 (30.8-39.3) 133/407 32.7 (28.1-37.5)
Grade 3 2/506 0.4 (0.0-1.4) 5/407 1.2 (0.4-2.8)
Erythema Any 174/506 34.4 (30.3-38.7) 136/407 33.4 (28.8-38.2)
Grade 3 17/506 3.4 (2.0-5.3) 7/407 1.7 (0.7-3.5)
Swelling Any 98/506 19.4 (16.0-23.1) 61/407 15.0 (11.7-18.8)
Grade 3 9/506 1.8 (0.8-3.3) 2/407 0.5 (0.1-1.8)
Solicited systemic reaction Any 318/506 62.8 (58.5-67.1) 237/407 58.2 (53.3-63.1)
Grade 3 23/506 45 (2.9-6.7) 15/407 3.7 (2.1-6.0)
Fever Any 52/506 10.3 (7.8-13.3) 49/405 12.1 (9.1-15.7)
Grade 3 5/506 1.0 (0.3-2.3) 3/405 0.7 (0.2-2.1)
Vomiting Any 40/506 7.9 (5.7-10.6) 20/407 4.9 (3.0-7.5)
Grade 3 1/506 0.2 (0.0-1.1) 0/407 0.0 (0.0-0.9)
Abnormal crying Any 154/506 30.4 (26.5-34.6) 133/407 32.7 (28.1-37.5)
Grade 3 7/506 1.4 (0.6-2.8) 7/407 1.7 (0.7-3.5)
Drowsiness Any 115/506 22.7 (19.1-26.6) 74/407 18.2 (14.6-22.3)
Grade 3 4/506 0.8 (0.2-2.0) 0/407 0.0 (0.0-0.9)
Appetite loss Any 146/506 28.9 (24.9-33.0) 121/407 29.7 (25.3-34.4)
Grade 3 6/506 1.2 (0.4-2.6) 2/407 0.5 (0.1-1.8)
Irritability Any 220/506 43.5 (39.1-47.9) 163/407 40.0 (35.3-45.0)
Grade 3 6/506 1.2 (0.4-2.6) 6/407 1.5 (0.5-3.2)
Within 30 days after vaccination
Unsolicited AE Any 270/506 53.4 (48.9-57.8) 204/408 50.0 (45.0, 55.0)
Unsolicited AR Any 16/506 3.2 (1.8-5.1) 14/408 3.4 (1.9, 5.7)
AE leading to study discontinuation Any 0/506 0.0 (0.0-0.7) 0/408 0.0 (0.0, 0.9)
During the study
SAE Any 4/506 0.8 (0.2-2.0) 3/408 0.7 (0.2-2.1)
AESI Any 2/506 0.4 (0.0-1.4) 0/408 0.0 (0.0-0.9)
Death Any 0/506 0.0 (0.0-0.7) 0/408 0.0 (0.0-0.9)

AE, adverse event; n, number of participants who reported an AE; N, number of participants in the safety analysis set.

small and so no inference could be made on any difference in out-
comes by priming vaccine type. While both vaccines used in this
study are tetanus toxoid conjugates, any similarities or difference
in the conjugation chemistry and that may have led to differences
in responses between them are unknown; the only known differ-
ence is in the quantities of the tetanus toxoid and polysaccharide
antigens.

MenACYW-TT was well-tolerated and demonstrated a non-
inferior immune response compared with the licensed
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MCV4-TT vaccine when administered as a single dose to MenC
vaccine primed and/or meningococcal vaccine-naive toddlers
aged 12-23 months. The high titres against serogroup C with
MenACYW-TT suggest that this quadrivalent vaccine may, in
the future, be an alternative to the established monovalent
MenC vaccination. The use of quadrivalent vaccines offers the
distinct advantage of broadening the protection against other ser-
ogroups without requiring further injections to be added to busy
paediatric vaccine schedules.
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