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ABSTRACT

Introduction: A favorable benefit-risk balance
is required to support licensure of biologics, in
keeping with regulatory agencies’ evolving rec-
ommendations, including the United States
Food and Drugs Administration. We present a
structured semi-quantitative benefit-risk analy-
sis of MenACYW-TT, a quadrivalent meningo-
coccal conjugate vaccine against Neisseria
meningitidis serogroups, A, C, W and Y versus
licensed comparators in individuals aged C 12
months.

Methods: We used data from six MenACYW-TT
clinical trials, stratified by age group, versus
licensed vaccines: toddlers (12–23 months;
Nimenrix� [MCV4-TT]), children (2–9 years;
Menveo� [MCV4-CRM]), adolescents (10–17
years; MCV4-CRM or Menactra� [MCV4-DT]),
adults (18–55 years; MCV4-DT) and older adults
(C 56 years; Menomune�–A/C/Y/W-135
[MPSV4]). Eight benefit (seroresponse and sero-
protection for A, C, W and Y) and five risk
outcomes (any and grade 3 solicited injection
site and systemic reactions, and serious adverse
events) were measured at Day 30 after initial
vaccination. Analyses were conducted by base-
line vaccination status (meningococcal vaccine-
naı̈ve or vaccine-primed).
Results: MenACYW-TT showed favorable
seroresponse and seroprotection among vac-
cine-naı̈ve participants aged C 2 years, against
all serogroups, compared with MCV4-CRM,

Aiying Chen: Affiliation at time of study conduct.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40121-023-00864-4.

D. Neveu (&) � T. Mallett Moore
Global Pharmacovigilance, Sanofi, Swiftwater, PA,
USA
e-mail: David.Neveu@sanofi.com

B. Zambrano
Global Clinical Development Strategy, Sanofi,
Montevideo, Uruguay

A. Chen
Global Biostatistical Sciences, Sanofi, 1 Discovery
Dr, Swiftwater, PA 18370, USA

M.-L. Kürzinger
Global Epidemiology and Benefit-Risk Evaluation,
Sanofi, Chilly-Mazarin, France

L. Marcelon
Global Epidemiology and Benefit-Risk Evaluation,
Sanofi, Lyon, France

M. Singh Dhingra
Global Clinical Development Strategy, Sanofi,
Swiftwater, PA, USA

Infect Dis Ther (2023) 12:2367–2386

https://doi.org/10.1007/s40121-023-00864-4

https://doi.org/10.1007/s40121-023-00864-4
https://doi.org/10.1007/s40121-023-00864-4
https://doi.org/10.1007/s40121-023-00864-4
https://doi.org/10.1007/s40121-023-00864-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s40121-023-00864-4&amp;domain=pdf
https://doi.org/10.1007/s40121-023-00864-4


MCV4-DT and MPSV4. In vaccine-naı̈ve tod-
dlers, there was a favorable effect for serogroup
C, but no difference between MenACYW-TT
and MCV4-TT for serogroups A, Y and W. A
favorable effect for MenACYW-TT against ser-
ogroup C was observed in all vaccine-naı̈ve and
combined vaccine-naı̈ve and MenC conjugate
vaccine-primed groups. For all risk criteria,
there were no differences between MenACYW-
TT and MCV4s in toddlers, children, adoles-
cents and adults. Results for solicited injection
site and systemic reactions favored MPSV4 in
older adults.
Conclusions: The benefit-risk profile for
MenACYW-TT showed favorable seroresponse
and seroprotection in individuals aged C 2
years and no difference in risk criteria between
MenACYW-TT and MCV4s. MenACYW-TT may
provide an alternative to the standard-of-care
for meningococcal disease prevention in those
aged C 12 months.

Keywords: Benefit-risk analysis; Quadrivalent
meningococcal conjugate vaccine; MenACYW-
TT; Immunogenicity; Safety

Key Summary Points

Why carry out this study?

There is a need to understand the balance
between the benefits and risks of
meningococcal vaccination to support
informed and adequate public health
decision making.

We conducted a structured benefit-risk
analysis for the meningococcal vaccine
MenACYW-TT, using results from six pre-
licensure clinical trials of MenACYW-TT
versus licensed meningococcal vaccines in
individuals aged 12 months and older.

Structured benefit risk assessment
constitutes a useful tool to support
regulatory decisions during the evaluation
for licensure of new vaccines, in
agreement with the evolving
recommendations of some regulatory
agencies.

What was learned from the study?

The benefit-risk profile of MenACYW-TT
vaccine showed a favorable immune
response compared with licensed
comparator vaccines used in children
(MCV4-CRM), adolescents (MCV4-CRM
and MCV4-DT), adults (MCV4-DT) and
older adults (C 65 years; MPSV4) across all
serogroups, with a comparable risk of
adverse events compared with MCV4s.

Based on the favorable benefit-risk profile
across each age group, MenACYW-TT may
provide an alternative to standard-of-care
vaccines in individuals 12 months and
older, contributing to the prevention and
control of invasive meningococcal
disease.

This structured benefit-risk analysis is in
line with the US FDA recommendations
on benefit-risk assessment for new drug
and biological products.

INTRODUCTION

Invasive meningococcal disease (IMD) is an
acute life-threatening infection caused by the
gram-negative bacterium Neisseria meningitidis
[1]. Meningitis is the most common presenta-
tion of IMD, with meningococcal septicemia
occurring in 5–20% of IMD cases [2]. IMD often
progresses rapidly, with a case fatality rate of
10–15% even with suitable antibiotic therapy,
and can be higher in those who develop sep-
ticemia [2]. Up to 20% of patients have perma-
nent sequelae such as hearing loss, neurological
damage, or loss of a limb [2]. Globally, there are
approximately half a million cases of IMD
annually [1], with an incidence rate that varies
across geographical regions, ranging from 0.1
cases per 100,000 in the USA to 0.6 per 100,000
cases in Europe [3]. Incidence rates are highest
in children\1 year old, followed by a second
peak among adolescents and young adults [3].

2368 Infect Dis Ther (2023) 12:2367–2386



Worldwide, the serogroups responsible for
the most cases of IMD are A, B, C, W, X and Y
[1]. In Europe, the most prevalent serogroups
are B and C; however, in recent years, an
increase of IMD infections caused by serogroup
W has been reported [4]. Similarly, serogroup Y
is becoming increasingly prevalent in the USA
and, more recently, the UK [1, 5]. However,
meningococcal vaccines have helped reduce the
incidence of IMD in countries with vaccination
programs. Dynamic changes in the disease-
causing serogroups highlight the need for
meningococcal vaccines that provide protec-
tion against a range of serogroups and across the
entire population.

Four meningococcal conjugate quadrivalent
vaccines (MCV4s) are licensed and cover ser-
ogroups A, C, W and Y. Menveo� (MCV4-CRM;
GlaxoSmithKline, Italy) is recommended for
individuals C 2 months to 55 years of age in the
USA and C 2 years in the European Union (EU)
[6]. Menactra� (MCV4-DT; Sanofi Pasteur, USA)
is recommended for individuals C 9 months in
the USA but is not licensed in the EU [7].
Nimenrix� (MCV4-TT; Pfizer, Belgium) is rec-
ommended for individuals C 6 weeks of age in
the EU but is not licensed in the USA [8].
MenQuadfi� (MenACYW-TT; Sanofi, USA) is a
new MCV4 with a tetanus toxoid carrier and is
currently approved with an age indication C 12
months in the EU and[ 40 other countries so
far and C 2 years in the USA. The meningo-
coccal quadrivalent polysaccharide vaccine,
MSPV4 (Menomune�–A/C/Y/W-135, Sanofi,
USA), was used in the USA [9], and globally, for
immunization against IMD caused by ser-
ogroups A, C, W and Y in individuals aged C 2
years [9], including older adults aged C 56
years, until its discontinuation worldwide in
2017 [9, 10]. Following its discontinuation, and
until the licensure of MenACYW-TT, there was
no meningococcal vaccine licensed for use in
those aged C 56 years in the USA. Individu-
als C 56 years were advised to receive a MCV4
instead, despite the lack of an approved product
for this age group [9]. The safety and immuno-
genicity of MenACYW-TT have been evaluated
in a series of randomized active-controlled
clinical trials in participants aged 12 months
to C 56 years [11–20].

The EMA and FDA developed and recom-
mended several tools, processes and frameworks
for the structured evaluation of benefit-risk for
drugs and biological products [21, 22]. The
Center for Biologics Evaluation and Research
(CBER), within the US Food and Drug Admin-
istration (FDA), requires an evaluation of sci-
entific and clinical data submitted by
manufacturers for new biologics or new indi-
cations for approved products to determine
whether the product meets CBER’s standards for
approval based on a favorable benefit-risk bal-
ance for the population [23]. Understanding the
balance between the benefits and risks of vac-
cination is essential to support informed and
adequate public health decision making [24].
This needs to be done in a structured way to
provide an objective assessment of the benefit-
risk profile of a vaccine, ensuring greater trans-
parency for decision-making purposes. Several
structured benefit-risk framework and visual
representations have been proposed and rec-
ommended [25, 26].

In this study, we aimed to present a struc-
tured, semi-quantitative benefit-risk assessment
for MenACYW-TT using data from six pivotal
pre-licensure studies (Table 1) of MenACYW-TT
versus licensed active comparator vaccines in
individuals aged 12 months or older.

METHODS

Frameworks have been developed to evaluate
the benefit-risk balance of medicinal products
in a structured way for decision making pur-
poses and regulatory approval [21, 22, 25, 26].
In this assessment, both a structured qualitative
and a semi-quantitative framework were used
following stepwise instructions for the benefit-
risk evaluation based on BRAT (Benefit-Risk
Action Team), which standardizes and supports
the decision and communication of a benefit-
risk assessment [22].

This approach facilitates the identification of
critical issues regarding benefit-risk and
improves transparency of the assumptions used
by the marketing authorization holder to eval-
uate the benefit-risk profile. The following steps
of the benefit-risk framework were applied:
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– Definition of decision context;
– Identification and selection of key favorable

and key unfavorable outcomes (creation of
the value tree) and documentation of the
rationale for including/excluding important
outcomes;

– Identification of data sources and analysis:
determine and document all data sources,
extract relevant data for the assessment and
analyze the data;

– Presentation and interpretation of results
based on the combination of a value tree, a
benefit-risk framework table [21] and forest
plots.

Decision Context

The decision context includes the definition of
several items including: the objective of the
benefit-risk assessment, the drug, dose, formu-
lation, indication, patient population, com-
parator(s), time horizon for outcomes and
perspective for decision makers (regulator,
sponsor, patient or physician) (Table 2).

Patient Population

This semi-quantitative framework analysis was
performed using data from six pivotal clinical
trials of MenACYW-TT conducted in meningo-
coccal vaccine-naı̈ve (participants without prior

Table 1 Pivotal clinical trials included in the analysis

Trial
Age range

Trial
phase

Region Comparator Total
sample
size

Trial design Trial
registration

MET51

Toddlers (12–23 months)

[11]

Phase

III

EUa MCV4-TT

(Nimenrix�)

918 Double-bind

randomized

(modified)b

NCT02955797

MET35

Children (2–9 years) [12]

Phase

III

USA and

Puerto

Rico

MCV4-CRM

(Menveo�)

1000 Double-bind

randomized

(modified)b

NCT03077438

MET50

Adolescents (10–17 years)

[13]

Pivotal

Phase

II

USA MCV4-CRM

(Menveo�)

1715 Open-label

randomized

NCT02199691

MET43

Adolescents and adults

(10–55 years) [20]

Phase

III

USA MCV4-DT

(Menactra�)

3344 Double-bind

randomized

(modified)b

NCT02842853

MET56

MCV4-primed adolescents

and adults (C 15 years)

[14]

Phase

III

USA MCV4-DT

(Menactra�)

810 Double-bind

randomized

(modified)b

NCT02752906

MET49

Older adults (C 56 years)

[15]

Phase

III

USA and

Puerto

Rico

MPSV4

(Menomune�)

907 Double-bind

randomized

(modified)b

NCT02842866

aSpain, Hungary, Finland and Germany
bVaccine administrator was unblinded
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history of meningococcal vaccination) or vac-
cine-primed (individuals who had a background
of prior vaccination with any meningococcal
vaccine) individuals aged C 12 months
(Table 1) [11–15, 20]. The populations evaluated
included toddlers aged 12–23 months, children
aged 2–9 years, adolescents aged 10–17 years,
adults aged 18–55 years and older adults C 56
years.

Comparators

The analysis was conducted to demonstrate
immunogenicity by assessing the non-inferior-
ity of immune responses induced by MenA-
CYW-TT compared to those induced by licensed
meningococcal quadrivalent standard-of-care
vaccines. Comparator vaccines in this analysis
were the meningococcal quadrivalent conju-
gated vaccines MCV4-TT (in toddlers 12–23
months), MCV4-CRM (in children 2–9 years
and adolescents 10–17 years) and MCV4-DT (in
adolescents 10–17 years and adults 18–55 years)
as well as the meningococcal quadrivalent

polysaccharide vaccine MPSV4 (in older
adults C 56 years).

Selection of Key Favorable
and Unfavorable Outcomes

Favorable effects are defined as any beneficial
effects associated with the product (often refer-
red to as ‘benefits’ or ‘clinical benefits’) for the
target population. Unfavorable effects are
defined as any detrimental effects (often refer-
red to as risks, harms and hazards both known
and unknown) that can be attributed to the
product or that are otherwise of concern for
their undesirable effect on patients’ health,
public health or the environment [22].

Favorable Effects

Eight immunogenicity benefit outcome mea-
sures, based on human serum bactericidal anti-
bodies assay (hSBA) titer, were integrated: rates
of vaccine seroresponse (a post-vaccination
hSBA titer C 1:16 in those with pre-vaccination

Table 2 Decision context

Objective To evaluate the benefit-risk profile of MenACYW-TT in the context of regulatory submission

Indication Active immunization to prevent IMD caused by Neisseria meningitidis serogroups A, C, Y and W in

individuals aged 12 months and above

Vaccine MenACYW-TT

Formulation and

dosage

Liquid formulation in 0.5-ml single-dose vial

0.5-ml injection by the intramuscular route

Tetanus toxoid as protein carrier

Comparison group Nimenrix� (MCV4-TT), Menactra� (MCV4-DT), Menveo� (MCV4-CRM), Menomune�–A/C/

Y/W-135 (MPSV4)

Data sources Clinical trials (MET35, MET43, MET49, MET50, MET51, MET56)

Population

(subgroups)

Toddlers, children, adolescents, adults, older adults (C 56 years)

Time horizon For benefit effects: seroresponse and seroprotection 30 days post-vaccination

For risk effects: 7 days for solicited injection site reactions, 6 months for SAEs, 1–3 days for

anaphylaxis [46], 42 days for GBS [47] and Bell’s palsy [48]

Perspective Regulatory submission
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titers\1:8 or a C fourfold increase in titers in
those with pre-vaccination titers C 1:8) and
rates of vaccine seroprotection (hSBA titers
C 1:8) at Day 30 after vaccination for each ser-
ogroup A, C, W and Y. Antibodies against each
of the four serogroups were measured with
serum bactericidal antibody assay using human
complement at baseline and Day 30 post-vac-
cination in each study. While hSBA titers C 1:4
are defined as a surrogate of short-term protec-
tion, hSBA titers C 1:8 represent a more con-
servative serological correlate of individual
protection against meningococcal disease,
widely used and accepted by regulatory agencies
[27–31]. Thus, hSBA titers C 1:8 were used as
threshold for seroprotection in the six studies.

Unfavorable Effects

Five safety risk outcome measures were inte-
grated: the rates of any solicited injection site
reaction, any solicited systemic reaction, any
Grade 3 solicited injection site reaction and any
Grade 3 solicited systemic reactions for 7 days
post-vaccination, and the rate of any serious
adverse events (SAEs) for 6 months post-vacci-
nation. Safety data were collected up to 6
months post-vaccination, except the study in
toddlers (MET51), where safety data were col-
lected for 30 days post-vaccination. Safety data
were collected based on the Medical Dictionary
for Regulatory Activities (MedDRA) coding and
predefined queries. It is important to note that
the MedDRA coding version was updated dur-
ing the MenACYW-TT clinical development
program; the same version of MedDRA was not
used to code all adverse events in all studies. As
such, re-coding was carried out according to
MedDRA version 21.0.

The solicited injection site reactions for par-
ticipants 12–23 months of age included injec-
tion tenderness, erythema and swelling
(Table S1), and for participants C 2 years,
injection site pain, erythema and swelling
(Table S2 and S3). The solicited systemic reac-
tions for participants 12–23 months of age
included fever, vomiting, abnormal crying,
drowsiness, appetite loss and irritability

(Table S4), and for participants C 2 years, fever,
headache, malaise and myalgia (Table S5).

Important potential risks for MenACYW-TT
during the clinical development program
included anaphylaxis (based on risks for any
vaccine), Guillain-Barré Syndrome (GBS) and
Bell’s palsy (risks identified from post-marketing
experience of other meningococcal vaccines)
[6, 10, 32]. Post-marketing data for meningo-
coccal vaccines have shown these events to
occur at very low frequencies. There were no
events of anaphylaxis or Bell’s palsy attributed
to MenACYW-TT and no events of GBS reported
during pivotal MenACYW-TT clinical trials
[11–15].

Data Sources and Analysis

The key data sources were six pivotal clinical
trials of MenACYW-TT [11–15] (Table 1). Inclu-
ded studies were conducted between 2015 and
2017 in toddlers at sites across Europe (Spain,
Germany, Hungary and Finland) and in chil-
dren, adolescents, adults and older adults at
sites across the US and Puerto Rico. All clinical
studies evaluating MenACYW-TT were con-
ducted in accordance with the Declaration of
Helsinki and the Quality Standards of the
International Conference on Harmonization
Good Clinical Practices. For the individual
clinical trials, statistical software SAS� version
9.4 or later was used. All trials included in the
benefit-risk assessment measured immuno-
genicity (seroresponse and seroprotection) on
Day 30 after initial vaccination and had similar
procedures for collection of safety data, and
similar primary endpoints, allowing an inte-
grated and pooled analysis.

This analysis is based on previously con-
ducted studies and does not contain any new
studies with human participants or animals
performed by any of the authors.

Display Results

The criteria selected for this benefit-risk assess-
ment were outlined in the value tree (Fig. 1),
with the key dimensions of the evaluation and
related evidence and uncertainties described for
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the six pivotal trials within the FDA framework
table (Table 3) [33–35]. Forest plots are shown as
key outputs of the structured benefit-risk
assessment.

For each age group (toddlers 12–23 months,
children 2–9 years, adolescents 10–17 years,
adults 18–55 years and older adults C 56 years),
differences in rates of effects were calculated for
benefits as (benefit rate for MenACYW-
TT) - (benefit rate for comparator) and for risk
as (risk rate for comparator) - (risk rate for
MenACYW-TT), with 95% confidence intervals
(CI) calculated using the Wilson score method
without continuity correction. Separate analy-
ses were conducted by baseline meningococcal
vaccination status: those who were meningo-
coccal vaccine-naı̈ve and those who were
meningococcal vaccine-primed (with MCV4
[adolescents and adults]). Meningococcal vac-
cine-naı̈ve was defined as participants without a
prior history of meningococcal vaccination.
Meningococcal-primed individuals were
defined as those who had received prior vacci-
nation with any meningococcal vaccine. Tod-
dlers were either meningococcal vaccine-naı̈ve

or MenC conjugate (MCC) vaccine-primed (C 1
dose of MCC prior to 12 months of age). In
toddlers who had received a MenC vaccination
during their first year of life, the numbers who
had received previous vaccination with either
MenC-TT (NeisVac-CTM; Pfizer Ltd, Kent, UK) or
MenC-CRM (Menjugate�; GlaxoSmithKline
Vaccines Srl, Siena, Italy) were relatively small;
therefore, the benefit-risk plots for this age
group are presented for the combined popula-
tion of meningococcal vaccine-naı̈ve and MCC-
primed and for the meningococcal vaccine-
naı̈ve toddlers.

Graphical representation of the data was
done using forest plots. Each forest plot repre-
sents the summary of benefit-risk for a single
dose of MenACYW-TT in each age group. The
plots are divided into two portions, with the top
(in blue) presenting the evidence supporting
the efficacy of MenACYW-TT and the bottom
(in red) presenting the evidence evaluating the
safety. The plots are configured so that all point
estimates to the left of the middle line for both
efficacy and safety are favorable to MenACYW-
TT. The point estimates to the right of the

Fig. 1 MenACYW-TT value tree. *Potential and not
measured in pivotal trials. **No events of anaphylaxis or
Bell’s palsy attributed to MenACYW-TT and no events of

Guillain-Barré syndrome in pivotal trials. IMD invasive
meningococcal disease

Infect Dis Ther (2023) 12:2367–2386 2373



Table 3 Benefit-risk framework table: benefit-risk integrated assessment for MenACYW-TT from six pivotal trials

Across all age groups, the benefit-risk profile of MenACYW-TT is considered favorable (in individuals aged 2 years and older) or comparable (in

toddlers aged 12–23 months) compared to the comparator licensed quadrivalent meningococcal vaccines

Dimension Evidence and uncertainties Conclusions and reasons

Analysis of

condition

IMD is a serious bacterial infection caused by Neisseria

meningitidis, which is classified into serogroups based on

different capsular polysaccharides and external protein

membranes. Almost all cases of IMD are caused by one of six

serogroups (A, B, C, W, X, Y) that vary in prevalence based on

temporal, geographic and age group risk factors. IMD is a public

health concern due to its epidemiological potential, high

mortality and sequelae. The overall case-fatality ratio for

meningococcal disease is 10–15%, while meningococcal sepsis is

fatal in up to 40% of cases. 10–20% of IMD survivors

experience permanent sequelae, including limb amputation,

deafness and skin necrosis requiring skin grafting, cognitive

deficits and seizure disorders [2]. Throughout the world, IMD

rates peak especially among infants and adolescents/young adults

(0–24 years old)

The public health impact of meningococcal infection underscores

the need for effective vaccines and their optimal use. In the US,

reductions in the incidence of meningococcal disease due to

serogroups A, C, W and Y among adolescents suggest an impact

of the MCV4 vaccine program in this age group. Mass

campaigns using conjugated meningococcal vaccines have led to

control of serogroup C meningococcal disease in Europe,

Canada or Australia

Current

Treatment

Options

Vaccines:

Three MCV4s (Menactra�, Menveo� and Nimenrix�), which

protect against serogroups A, C, Y and W, 2 serogroup B

vaccines (Bexsero� and Trumenba�), 4 monovalent vaccines

against serogroup C (Meningitec�, NeisVac-C�, Menjugate�

and Menitorix� [monovalent C and Hib]) and 1 monovalent

vaccine against serogroup A (MenAfriVacTM) are currently

available for use for active immunization against meningococcal

disease in various age groups

Menactra� is not marketed in the EU (available in the US and

more than 70 other countries)

Chemoprophylaxis:

Chemoprophylaxis (antibiotics) is indicated for close contacts of

patients with meningococcal disease

While there are other vaccines available, MenACYW-TT is

expected to offer the broadest coverage across age groups

2374 Infect Dis Ther (2023) 12:2367–2386



Table 3 continued

Across all age groups, the benefit-risk profile of MenACYW-TT is considered favorable (in individuals aged 2 years and older) or comparable (in

toddlers aged 12–23 months) compared to the comparator licensed quadrivalent meningococcal vaccines

Dimension Evidence and uncertainties Conclusions and reasons

Benefit Prevention of IMD due to Neisseria meningitidis serogroups A, C,

Y and W

• Higher immune response (based on seroprotective levels) for

serogroups C, Y and W for ages C 2 years, and for serogroup C

for ages 12–23 months vs. all other MCV4 vaccines

• Demonstrated immunogenicity in ages C 56 years

• Demonstrated non-interference with HPV vaccine in adolescents

(males and females)

Herd protection effect, which has been mainly observed after

meningococcal conjugated mass vaccination in adolescents

(serogroup C) or adults (serogroup A)

Fully liquid formulation with the potential to reduce

administration errors that may occur with lyophilized vaccine

presentations

Uncertainties: long-term persistence of the immune response after

vaccination with MenACYW-TT and immunogenicity of a

booster in individuals primed with MenACYW-TT

MenACYW-TT is expected to further decrease the incidence of

IMD associated with vaccine serogroups due to demonstrated

immunogenicity across a broad age range and higher immune

response compared to licensed MCV4 vaccines, with the

convenience of a ready-to-use liquid formulation

MenACYW-TT is expected to limit the disease transmission in

unvaccinated individuals due to the herd immunity effect

Risk and risk

management

The following are the most common solicited AEs ([10%)

reported in the Pivotal Phase III studies; all were non-serious

and self-limited:

• In toddlers aged 12–23 months: injection site reactions erythema,

swelling and tenderness, irritability, abnormal crying, appetite

loss and drowsiness

• In all ages C 2 years: injection site pain, myalgia, malaise and

headache

• Additional common solicited AEs in children 2–9 years of age:

injection site erythema and swelling

No important identified risks discovered to date during the

development program for MenACYW-TT

The following are the important potential risks

• Anaphylaxis, Guillain-Barré syndrome, Bell’s palsy. No cases of

these important potential risks in the pivotal Phase III studies

within 42 days of vaccination

Uncertainties: Safety of a booster in individuals primed with

MenACYW-TT

MenACYW-TT is well tolerated and has a favorable safety profile

The most common reported AEs and important potential risks are

the same as the other MCV4 vaccines or other vaccines given in

the same age groups

These risks are managed through routine pharmacovigilance

activities and routine risks minimization measures

AEs adverse events, IMD invasive meningococcal disease, MCV4 quadrivalent meningococcal conjugate vaccine, PS polysaccharide

Infect Dis Ther (2023) 12:2367–2386 2375



middle line favor the comparator. There is a
favorable effect for MenACYW-TT when the
lower limit of the 95% CI is to the left of the
middle line. Point estimates are comparable
when there is no difference between MenA-
CYW-TT and the comparator vaccine if the 95%
CIs crosses the middle line.

RESULTS

Meningococcal Vaccine-Naı̈ve
Participants

Toddlers (12–23 Months)
Regarding the benefits criteria (Fig. 2; blue
points), the comparison of MenACYW-TT with
MCV4-TT showed no difference between vacci-
nes for serogroups A, Y and W, while there was a
favorable effect for MenACYW-TT for serogroup
C in terms of seroresponse and seroprotection.
Regarding the risks criteria (Fig. 2; red points),
there was no difference between MenACYW-TT
and MCV4-TT.

Children (2–9 Years)
Regarding the benefits criteria (Fig. 3; blue
points), the comparison of MenACYW-TT with
MCV4-CRM showed favorable effects for
MenACYW-TT for all serogroups, with a higher
effect for serogroup C in terms of seroresponse
and seroprotection. Regarding the risks criteria
(Fig. 3; red points), there was a favorable effect
for MenACYW-TT for the solicited injection site
reactions (all and grade 3) while there was no
difference between the vaccines for the other
risks criteria.

Adolescents (10–17 Years)
Regarding the benefits criteria, the comparison
of MenACYW-TT with MCV4-DT (Fig. 4; blue
points) and MCV4-CRM (Fig. 5; blue points)
showed a favorable effect for MenACYW-TT for
all four serogroups, with a higher effect for ser-
ogroup C, in terms of both seroresponse and
seroprotection. Regarding the risks criteria
(Figs. 4, 5; red points), the comparison with
MCV4-DT showed a favorable effect for

MenACYW-TT for solicited injection site and
systemic reactions of any intensity (Fig. 4),
while there was no difference between MenA-
CYW-TT and MCV4-CRM for solicited reac-
tions. There was no difference for SAEs between
MenACYW-TT and either MCV4-DT or MCV4-
CRM.

Adults (18–55 Years)
Regarding the benefits criteria (Fig. 6; blue
points), the comparison of MenACYW-TT with
MCV4-DT showed favorable effects for MenA-
CYW-TT for all four serogroups in terms of
seroresponse and seroprotection, with a larger
effect for the seroresponse to serogroup C.
Regarding the risks criteria (Fig. 6; red points),
there was a favorable effect for MCV4-DT for
solicited injection site reactions of any inten-
sity, while there was no difference between the
vaccines for the other risks, including injection
site reactions of Grade 3 intensity.

Older Adults (‡ 56 Years)
Regarding the benefits criteria (Fig. 7; blue
points), the comparison of MenACYW-TT with
MPSV4 showed favorable effects for MenACYW-
TT for all four serogroups, with larger effects for
serogroups Y and C, in terms of both serore-
sponse and seroprotection. Regarding the risks
criteria (Fig. 7; red points), there was a favorable
effect for MPSV4 for solicited systemic and
injection site reactions of any intensity, partic-
ularly for injection site reactions. There was no
difference between the vaccines for the other
risks, including solicited reactions of grade 3
intensity.

Vaccine-Naı̈ve and MCC-Primed Toddlers
(12–23 Months)

Regarding the benefit criteria (Fig. 8; blue
points), the comparison of MenACYW-TT with
MCV4-TT for the combined population of
meningococcal vaccine-naı̈ve or MCC-primed
individuals showed favorable effects for MenA-
CYW-TT for serogroup C, in terms of serore-
sponse and seroprotection, and no difference
between vaccines for serogroups A and W. For
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serogroup Y, the comparison showed a favor-
able effect for MenACYW-TT in terms of
seroresponse and no difference in terms of

seroprotection. Regarding the risk criteria
(Fig. 8; red points), there was no difference
between MenACYW-TT and MCV4-TT.

Fig. 2 Rate difference for benefits and risks for MenA-
CYW-TT compared to MCV4-TT in meningococcal
vaccine-naı̈ve toddlers (MET51 study). Blue point estimate:
(benefit rate for MenACYW-TT) - (benefit rate for

comparator). Red point estimate: (risk rate for compara-
tor) - (risk rate for MenACYW-TT). CI confidence
interval, MenACYW-TT MenQuadfi�, MCV4-TT
Nimenrix�

Fig. 3 Rate difference for benefits and risks for MenA-
CYW-TT compared to MCV4-CRM in meningococcal
vaccine-naı̈ve children (MET35 study). Blue point estimate:
(benefit rate for MenACYW-TT) - (benefit rate for

comparator). Red point estimate: (risk rate for compara-
tor) - (risk rate for MenACYW-TT). CI confidence
interval, MenACYW-TT MenQuadfi�, MCV4-CRM
Menveo�
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Fig. 4 Rate difference for benefits and risks for MenA-
CYW-TT compared to MCV4-DT in Meningococcal
vaccine-naı̈ve adolescents (MET43 study). Blue point
estimate: (benefit rate for MenACYW-TT) - (benefit

rate for comparator). Red point estimate: (risk rate for
comparator) - (risk rate for MenACYW-TT). CI confi-
dence interval, MenACYW-TT MenQuadfi�, MCV4-DT
Menactra�

Fig. 5 Rate difference for benefits and risks for MenA-
CYW-TT compared to MCV4-CRM in Meningococcal
vaccine-naı̈ve adolescents (MET50 study). Blue point
estimate: (benefit rate for MenACYW-TT) - (benefit

rate for comparator). Red point estimate: (risk rate for
comparator) - (risk rate for MenACYW-TT). CI confi-
dence interval, MenACYW-TT MenQuadfi�, MCV4-
CRM Menveo�
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Fig. 6 Rate difference for benefits and risks for MenA-
CYW-TT compared to MCV4-DT in meningococcal
vaccine-naı̈ve adults (MET43 study). Blue point estimate:
(benefit rate for MenACYW-TT) - (benefit rate for

comparator). Red point estimate: (risk rate for compara-
tor) - (risk rate for MenACYW-TT). CI confidence
interval, MenACYW-TT MenQuadfi�, MCV4-DT
Menactra�

Fig. 7 Rate difference for benefits and risks for MenA-
CYW-TT compared to MPSV4 in meningococcal vaccine-
naı̈ve older adults (MET49 study). Blue point estimate:
(benefit rate for MenACYW-TT) - (benefit rate for

comparator). Red point estimate: (risk rate for compara-
tor) - (risk rate for MenACYW-TT). CI confidence
interval, MenACYW-TT MenQuadfi�, MPSV4
Menomune�
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MCV4-Primed Participants

Analysis for MCV4 primed participants was
performed in adolescents and adults C 15 years
of age. Regarding the benefit criteria (Fig. 9; blue
points), the comparison of MenACYW-TT with
MCV4-DT showed a favorable effect for MenA-
CYW-TT for serogroups A, C and W in terms of
seroresponse, and no difference between vacci-
nes for serogroup Y, in terms of seroresponse
and for all four serogroups in terms of
seroprotection.

Regarding the risk criteria (Fig. 9; red points),
there was no difference between MenACYW-TT
and MCV4-DT.

DISCUSSION

This structured, semi-quantitative benefit-risk
assessment of MenACYW-TT was based on data
from six pivotal, randomized, active-controlled
clinical trials using licensed active comparators
(MCV4-CRM, MCV4-DT, MCV4-TT and MPSV4)
in participants aged 12 months or older. This
study illustrates the steps and methodology

used for the benefit-risk assessment of a medic-
inal product and in this specific case, a vaccine.
Although structured benefit-risk methodologies
and frameworks have been widely discussed and
presented in the regulatory landscape [21, 26],
there are limited published examples.

The immunogenicity and safety findings
from each of these pivotal clinical trials have
been previously published [11–16]. These stud-
ies individually demonstrated immune non-in-
feriority of MenACYW conjugate vaccine for all
four serogroups across all age groups and versus
all comparators, using hSBA vaccine serore-
sponse for individuals aged C 2 years or hSBA
seroprotection rates in toddlers (12–24 months
old).

In toddlers 12–23 months of age, the benefit-
risk profile of MenACYW-TT was generally
comparable relative to the comparator MCV4-
TT, with no difference for all risk criteria. A
favorable effect for MenACYW-TT was found for
serogroup C in vaccine-naı̈ve participants and
in the combined population of either
meningococcal vaccine-naı̈ve or MCC-primed
participants. Similar immunogenic outcomes
were found for serogroup C in vaccine-naı̈ve

Fig. 8 Rate difference for benefits and risk for MenA-
CYW-TT compared to MCV4-TT in meningococcal
vaccine-naı̈ve and vaccine-primed toddlers (MET51 study).
Blue point estimate: (benefit rate for MenACYW-

TT) - (benefit rate for comparator). Red point estimate:
(risk rate for comparator) - (risk rate for MenACYW-
TT). CI confidence interval,MenACYW-TTMenQuadfi�,
MCV4-TT Nimenrix�
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toddlers when administered with MenACYW-
TT or MCV4-TT and NeisVac-C� as a single dose
[39].

In individuals C 2 years, regardless of prim-
ing status, the benefit-risk profile of MenACYW-
TT is favorable relative to the licensed com-
parator vaccines used in children (MCV4-CRM),
adolescents (MCV4-CRM and MCV4-DT), adults
(MCV4-DT) and older adults (MSPV4). MenA-
CYW-TT was well tolerated when given as a
single dose across all age groups, had no vac-
cine-related SAEs and had a similar safety profile
to that of the standard-of-care MCV4 vaccines.
The most common reactions were non-serious,
self-limiting and similar in type and frequency
to those observed with the comparator
meningococcal vaccines [6, 8–10, 32]. Impor-
tant potential risks were the same as those
identified with standard-of-care MCV4 vaccines
or other vaccines given in the same age group
[6–8]. In older adults, the rate of solicited reac-
tions, particularly injection site reactions,
favored the comparator MPSV4; however, there
was no difference in reactions of Grade 3
intensity between both vaccines. This increased
frequency of solicited reactions can likely be

attributed to the formulation of the vaccines,
with MenACYW-TT being conjugated to teta-
nus toxoid and with no protein carrier with
MPSV4. These risks can be managed through
routine pharmacovigilance and risk minimiza-
tion measures.

While our findings are based on the results of
pivotal studies that support the initial licensure
of MenACYW-TT, more recent studies confirm
these findings for immunogenicity and safety of
a MenACYW-TT booster dose in children [17],
adolescents and young adults [36] and older
adults [37] primed with MenACYW-TT or
another MCV4 vaccine.

As well as the favorable immunogenicity and
safety findings, MenACYW-TT is available in a
ready-to-use liquid formulation allowing
healthcare providers to avoid vaccine reconsti-
tution as compared to non-fully liquid MCV4-
TT and MCV4-CRM [6–8, 38]. Therefore,
reducing steps in the vaccine preparation sub-
sequently reduces the preparation time and
decreases the opportunities for immunization
errors and thus might impact safety.

Fig. 9 Rate difference for benefits and risks for MenA-
CYW-TT compared to MCV4-DT in meningococcal
vaccine-primed adults and adolescents (MET56 study).
Blue point estimate: (benefit rate for MenACYW-

TT) - (benefit rate for comparator). Red point estimate:
(risk rate for comparator) - (risk rate for MenACYW-
TT). CI confidence interval,MenACYW-TTMenQuadfi�,
MCV4-DT Menactra�
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Limitations

While this analysis used data from six clinical
trials across a range of age groups and com-
parators, there are still limitations. Each type of
MCV4 was not used as a comparator vaccine to
MenACYW-TT across all the age groups. MCV4-
TT was not used as a comparator in studies
conducted in the US since it is not licensed
there for any age group. Similarly, MCV4-DT
was not used as a comparator in any study
conducted in Europe since it is not licensed for
use in that region. The hSBA C 1:8 threshold,
referred to as seroprotection, is widely used as
serological surrogate of protection and is
accepted globally by health regulatory agencies,
but the absolute clinical benefit of protective
titers is yet to be determined [27–30, 40]. Using
a hSBA threshold of at least 1:8 is a conservative
estimate of protection, and therefore this
structured benefit-risk assessment may under-
estimate the true benefit-risk ratio for MenA-
CYW-TT. Five of the included studies were
double-blind studies, while MET50 (in adoles-
cents; vs. MCV4-CRM) had an open-label study
design, which is potentially open for bias;
however, the laboratory technicians who per-
formed the hSBA were blinded to vaccine allo-
cation to reduce bias. Additionally, the clinical
relevance of the unfavorable effect of MenA-
CYW-TT for serogroup A in the MCC-primed
toddlers is unknown and should be interpreted
with caution as it was restricted only to a very
small number of toddlers primed with a MenC-
CRM vaccine.

There were also potential limitations to the
benefit-risk assessment approach used that must
be considered. In terms of the methodology
used, we chose a descriptive structured benefit-
risk assessment following the key steps of a
Benefit-risk Action Team (BRAT) framework and
US FDA recommendations [41, 42]. This
framework provides qualitative stepwise
instructions for the benefit-risk evaluation.
While it allows for structured benefit-risk eval-
uation, it does not offer the possibility to
account for the importance of each benefit and
risk by weighting the key criteria. This is
inherent to this framework. In contrast, fully
quantitative frameworks, such as Multi-Criteria

Decision Analysis (MCDA) [43], provide explicit
methods for weighting criteria and balancing
the benefits and the risks. MCDA is however
used for more complex decisions with higher
uncertainty which was not the case in our
assessment. The second limitation is related to
patient perspective. The regulatory perspective
was taken for this structured benefit-risk
assessment. Key benefits and risks considered
for this assessment were based on clinical out-
comes from trials and did not include patient
outcomes. Integrating patient perspectives is
recently becoming an important part of the
regulatory decision-making process, and phar-
maceutical industries actively engage patients
to collect their perspectives throughout the
development and life cycle of medical products
[44]. Patients not only contribute to the evalu-
ation of benefit-risk during regulatory approval
but also during the development phase, helping
to identify unmet medical needs and to better
understand the acceptability of benefits and
risks [21, 45].

CONCLUSION

The structured benefit-risk approach facilitates
the identification of critical issues regarding
benefit-risk and improves the transparency of
the assumptions used by the marketing autho-
rization holder to evaluate the benefit-risk pro-
file of a drug or a biological product.

The MenACYW-TT vaccine has shown con-
sistent and robust immunogenicity across all
four serogroups in individuals from 12 months
of age and older, demonstrating strong evidence
towards benefit for the vaccine vs. comparators,
alongside comparable risk of solicited adverse
events and SAEs. Based on the overall favorable
benefit-risk profile across age groups ranging
from toddlers 12 months old through older
adults C 56 years of age, combined with the
convenience of a ready-to-use liquid formula-
tion, MenACYW-TT vaccine is expected con-
tribute in the prevention and control of IMD
associated with vaccine serogroups A, C, W and
Y because of the demonstrated immunogenicity
across a broad age range, while also generating
higher immune responses without additional
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safety concerns. Ongoing Phase 3 trials are
investigating the use of MenACYW-TT in
infants as young as 6 weeks of age to better
address the global need for meningococcal dis-
ease prevention throughout life.
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