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Abstract
Introduction The currently licensed quadrivalent MenACWY-CRM conjugate vaccine presentation consists of two vials 
(lyophilized MenA and liquid MenCWY) to be reconstituted before injection. A new fully liquid, single-vial formulation 
has been developed to simplify administration and prevent reconstitution errors. We present pooled safety data from two 
randomized, controlled, observer-blind phase 2b clinical trials, in which the fully liquid presentation was compared with 
the licensed presentation.
Methods This is a post hoc analysis of two studies, in which safety data from participants aged 10–40 years who received 
one dose of either liquid MenACWY-CRM (1337 participants; MenACWY liquid group) or licensed MenACWY-CRM 
(1332 participants; MenACWY licensed group) were pooled. Frequencies were calculated for solicited adverse events (AEs) 
during 7 days post-vaccination and unsolicited AEs, including medically attended AEs and serious AEs (SAEs), during the 
6-month safety follow-up period. Analysis results are presented by vaccine group, overall and by age category (10–17 and 
18–40 years).
Results Overall, AEs solicited for collection during the first 7 days after vaccination were reported by similar percentages 
of participants (69.2%, MenACWY liquid; 68.2%, MenACWY licensed), and were generally mild/moderate in intensity. 
Solicited local AEs were reported by 46.0% of the MenACWY liquid group and 43.5% of the MenACWY licensed group 
and solicited systemic AEs by 55.2 and 54.1%, respectively. During the 6-month post-vaccination period, unsolicited AEs 
were reported by 32.2 and 31.2% of the MenACWY liquid group and MenACWY licensed group, respectively, and medically 
attended AEs by 18.6 and 17.3%, respectively. Overall, 14 participants in each group (1.0 and 1.1%, respectively) reported 
SAEs, none of which was considered vaccine-related by the investigator. The safety profiles of both MenACWY-CRM 
presentations were similar for each age group and overall.
Conclusions This pooled analysis shows the safety profile of fully liquid MenACWY-CRM is comparable with that of the 
currently licensed vaccine presentation.
Clinical Trial Registration ClinicalTrials.gov Identifiers: NCT03652610 (August 29, 2018), NCT03433482 (14 February 
2018).
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Key Points 
MenCWY component administered or the lyophilized 
MenA component reconstituted in sterile water, saline, 
a different liquid vaccine, or an unspecified diluent [11]. 
A fully liquid presentation of MenACWY-CRM vaccine, 
containing in a single vial the same amounts of antigen 
as the licensed presentation, has been developed to ease 
administration and avoid potential reconstitution and 
administration errors. Excipients that were necessary for 
lyophilization of the MenA component of MenACWY-
CRM licensed vaccine (i.e., potassium dihydrogen phos-
phate and sucrose) are not required in the liquid presen-
tation. In two randomized controlled phase 2b studies, 
the immunogenicity, reactogenicity, and safety profiles 
of the new fully liquid presentation were similar to those 
of the licensed presentation [12, 13]. In both studies, the 
fully liquid presentation was aged via either a controlled 
artificial process [12] or storage up to the end of the 
intended shelf-life [13] to test its immunogenicity under 
stress conditions.

In this article, we present a comprehensive overview of 
the safety profile of the fully liquid MenACWY presentation, 
using pooled tolerability and safety data from over 2600 
participants in the two phase 2b studies [12, 13]. We also 
present, for the first time, safety data by age group (10–17 
years and 18–40 years).

2  Methods

2.1  Study Design and Participants

This was a post hoc analysis, pooling safety data from two 
multicenter, randomized, controlled, observer-blind, phase 
2b clinical studies in which participants received a single 
dose of either the fully liquid investigational presentation 
or the licensed presentation of MenACWY-CRM vaccine. 
The methods and results of each individual study have been 
published [12, 13] and study summaries are available at 
www. gsk- study regis ter. com (study identifiers: 205343 and 
207467). The first study (study #1; ClinicalTrials.gov Identi-
fier: NCT03652610) recruited 979 healthy adults (age 18–40 
years) between September 2018 and June 2019 in Australia, 
Belgium, Canada, Germany, and Italy, and the second study 
(study #2; NCT03433482) recruited 1690 adolescents and 
young adults (age 10–40 years) between August 2018 and 
December 2019 in Brazil, Estonia, Finland, France, Mexico, 
Russia, South Africa, Spain, and Turkey. The primary objec-
tive in both studies was demonstration of the non-inferior-
ity of fully liquid MenACWY-CRM to the licensed pres-
entation, as measured by human serum bactericidal assay 
geometric mean titers against MenA, the only component 
modified from lyophilized to liquid in the new presentation, 

The currently licensed presentation of the MenACWY-
CRM vaccine, which is used to immunize against 
meningococcal disease caused by four meningococcal 
serogroups, is marketed as a lyophilized serogroup A 
component and a liquid serogroups C, W, and Y compo-
nent, for reconstitution before injection.

To simplify vaccine administration and prevent recon-
stitution errors, a fully liquid, single-vial presentation 
of the MenACWY-CRM vaccine has been developed 
containing the same amount of each antigen.

Two studies compared the new fully liquid MenACWY-
CRM presentation with the licensed presentation. Pooled 
safety data from these studies confirm that the safety 
profiles of the two vaccine presentations are similar, sup-
porting the introduction of the fully liquid MenACWY-
CRM vaccine, once approved.

1 Introduction

Invasive meningococcal disease (IMD), caused by Neisse-
ria meningitidis, has an unpredictable onset with rapid pro-
gression, is life-threatening, and is associated with a broad 
range of persisting physical, neurological, and psychological 
sequelae in survivors [1, 2]. Six of the 12 meningococcal 
serogroups (MenA, B, C, W, Y, and X) are responsible for 
almost all IMD cases [3]. Among the available meningo-
coccal vaccines, monovalent MenC and quadrivalent Men-
ACWY glycoconjugate vaccines and protein-based MenB 
vaccines are commonly used [4, 5].

The quadrivalent glycoconjugate vaccine MenACWY-
CRM (Menveo, GSK) was first licensed in 2010 and has a 
well-established safety and immunogenicity profile [6, 7]. 
The vaccine uses non-toxic diphtheria cross-reacting mate-
rial 197  (CRM197) as carrier protein, conjugated to MenA, 
MenC, MenW, and MenY polysaccharides. The licensed 
vaccine consists of two vials; before administration, the 
MenA component, which is lyophilized, is reconstituted 
using the liquid MenCWY component [8]. The structure of 
MenA conjugated polysaccharide is labile in aqueous solu-
tion in terms of the glycosidic linkage and susceptibility to 
hydrolytic degradation [9, 10].

In field usage, as for other vaccines requiring recon-
stitution, some administration errors have been reported 
for the MenACWY-CRM vaccine, with only the liquid 

http://www.gsk-studyregister.com
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1 month post-vaccination. Immunological non-inferiority 
against MenA was fully demonstrated in both studies, based 
on the between-groups ratio of geometric mean antibody 
titers elicited at 1 month from vaccination [12, 13].

Clinical tolerability (solicited reactions within 7 days 
after vaccination) and safety (unsolicited adverse events 
[AEs] for the full study duration of 6 months) data were 
assessed as secondary objectives and were pooled for 
this post hoc integrated safety analysis of more than 2600 
enrolled participants, half of whom were exposed to the new 
fully liquid presentation of MenACWY-CRM vaccine. The 
publications of the individual study results [12, 13] pre-
sented safety data for the overall study population in each 
of the two clinical trials; here, we report an integrated safety 
analysis of the two studies for all participants and also safety 
data by age group (10–17 years and 18–40 years).

2.2  Study Vaccines

In both studies, participants received in the deltoid region of 
the non-dominant arm a single 0.5 mL intramuscular dose 
of either the investigational fully liquid MenACWY-CRM 
presentation (MenACWY liquid group) or the licensed 
MenACWY-CRM presentation (MenACWY licensed 
group). The investigational fully liquid presentation and 
the licensed presentation of the vaccine contained the 
same CRM-conjugated meningococcal active components 
(10 µg MenA-CRM197 and 5 µg each of MenC-, MenW-, 
and MenY-CRM197). The fully liquid presentation did not 
include the excipients sucrose and potassium dihydrogen 
phosphate needed for the MenA lyophilized component 
in the licensed presentation. Fully liquid MenACWY was 
tested under stress conditions induced by an artificial, 
accelerated, controlled ageing process, involving storage at 
around 22.5 °C (± 2 °C) for approximately 2 months during 
the usual 2–8 °C storage period (study #1 [12]) or storage up 
to the intended shelf-life, approximately 24 or 30 months, at 
2–8 °C in normal conditions (study #2 [13]). The aim was to 
assess if, even under these stress conditions, the MenA com-
ponent, more labile in its liquid presentation, was still able 
to elicit immune responses non-inferior to those induced by 
the licensed vaccine. Further technical details are published 
elsewhere [12, 13].

2.3  Collection of Tolerability and Safety Data

Tolerability and safety data were collected using the same 
procedures in both studies. Reactions immediately after 
vaccination were monitored in participants through 30-min 
observation periods at the study centers. Solicited local AEs 
included erythema, induration, and pain at the injection site; 
solicited systemic AEs included arthralgia, chills, fatigue, 

headache, loss of appetite, myalgia, and nausea. Solicited 
AEs and body temperature were reported by participants 
for 7 days post-vaccination via electronic diaries. Solicited 
AEs were categorized as mild, moderate, or severe, with 
“severe” defined as preventing normal activity or, for loss 
of appetite, not eating at all. Severe erythema and induration 
were defined as diameter over 100 mm. Fever was indicated 
by a body temperature of 38 °C or higher.

During the 29-day post-vaccination period, unsolicited 
AEs were recorded; an unsolicited AE was defined as any 
AE that was not solicited using the electronic diaries during 
the first 7 days post-vaccination and, after that period, any 
AE spontaneously reported by a participant or parent/legally 
acceptable representative. Serious AEs (SAEs), medically 
attended AEs, and AEs leading to withdrawal were reported 
over the entire study period of 6 months via study visits at 
day of vaccination and 29 days afterwards, and three tel-
ephone calls to each participant approximately 2 weeks, 
3 months, and 6 months after vaccination. An SAE was 
defined as any untoward medical occurrence that resulted 
in death or disability/incapacity, was life-threatening, or 
required hospitalization or prolongation of existing hospi-
talization, or a congenital anomaly or birth defect in the 
offspring of a study participant.

Study investigators assessed the causal relationship of all 
AEs to vaccination.

2.4  Statistical Analysis

The pooled set of participants who had received vacci-
nation in each study and had provided safety data were 
included in the integrated safety analysis, which is descrip-
tive in nature. Percentages of participants with at least one 
AE were calculated with exact 95% confidence intervals 
(CIs). Data are presented overall and by the age groups 
10–17 years and 18–40 years. Data for the 10–17 years age 
group are not pooled since this age group was included in 
study #2 only.

Statistical analyses were performed using SAS version 
9.4 (SAS Institute Inc., Cary, NC, USA).

3  Results

3.1  Study Population

A total of 2669 participants aged 10–40 years received one 
dose of either fully liquid MenACWY-CRM (1337 partici-
pants) or licensed MenACWY-CRM (1332 participants), of 
which 25.6% (overall 683 participants: 342 in MenACWY 
liquid group; 341 in MenACWY licensed group) were 
aged 10–17 years. Main demographic characteristics were 
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comparable between vaccine groups for the overall popula-
tion and for the analysis by age group (Fig. 1).

3.2  Solicited Adverse Events

Overall, solicited AEs were reported in the 7-day post-vacci-
nation period by similar proportions of participants in each 
vaccine group (69.2% in MenACWY liquid group; 68.2% in 
MenACWY licensed group). The proportion of participants 
reporting solicited local AEs was 46.0% in the MenACWY 
liquid group and 43.5% in the MenACWY licensed group, 
with injection site pain being most frequently reported (44.4 
and 41.8%, respectively) (Table 1). Solicited systemic AEs 
were reported by 55.2% of participants in the MenACWY 
liquid group and 54.1% in the MenACWY licensed group, 
and the most frequent were headache (36.9 and 35.6%, 
respectively) and fatigue (36.2%, both groups) (Table 1).

In the age group analyses, any solicited AEs were 
reported by 72.4% of participants aged 10–17 years in the 
MenACWY liquid group and 72.1% in the MenACWY 
licensed group, and by 68.1 and 66.9%, respectively, of 
participants aged 18–40 years. Within each age group, the 
proportion of participants reporting each solicited local AE 
was similar between vaccine groups, with injection site pain 
most frequently reported (Table 2). Erythema and induration 
at the injection site tended to be reported more frequently 
in participants aged 10–17 years than in adults (Table 2).

Solicited systemic AEs were reported by 60.0% of par-
ticipants aged 10–17 years in the MenACWY liquid group 
and 57.8% in the MenACWY licensed group, and by 53.5 
and 52.9%, respectively, of those aged 18–40 years. The 
most frequently reported systemic AEs in each age group 
were headache (10–17 years: 42.9% in MenACWY liquid 
group and 36.7% in MenACWY licensed group; 18–40 

Fig. 1  Demographic characteristics of participants included in the 
pooled analysis of safety using data from two phase 2b clinical stud-
ies in which participants received a single dose of either the fully liq-
uid investigational presentation (MenACWY liquid) or the licensed 
presentation (MenACWY licensed) of MenACWY-CRM vaccine. 

aOne participant was aged 44 years at enrolment and was excluded 
from the per-protocol immunogenicity analysis [12] but was included 
in the analysis of safety. N = number of participants who received 
either MenACWY liquid or MenACWY licensed vaccine; SD = 
standard deviation
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years: 34.8 and 35.3%, respectively) and fatigue (10–17 
years: 34.1 and 36.4%, respectively; 18–40 years: 36.9 
and 36.2%, respectively) (Table 2). Comparison of the 

MenACWY liquid group and MenACWY licensed group 
within each age group showed similar proportions of par-
ticipants reporting each solicited systemic AE between vac-
cine groups for both the 10–17 years and 18–40 years age 
groups. Several of the systemic AEs (chills, fever, and loss 
of appetite) tended to be reported by a lower proportion 
of adult participants than adolescents in the MenACWY 
licensed group (Table 2).

Solicited local and systemic AEs were generally mild to 
moderate in intensity, with few reports of severe solicited 
AEs (Tables 1, 2). There were only two reports of fever with 
temperature ≥ 40 °C, one in the MenACWY liquid group 
(18–40 years age group) and the other in the MenACWY 
licensed group (10–17 years age group), occurring within 3 
days of vaccination.

3.3  Unsolicited Adverse Events

Proportions of participants reporting unsolicited AEs within 
30 days of vaccination were similar between the two vaccine 
groups overall and by age group (Table 3). Overall, the three 
most frequently reported unsolicited AEs in the 29-day post-
vaccination period were the same in each vaccine group: 
headache (3.6% in MenACWY liquid group and 3.8% in 
MenACWY licensed group), nasopharyngitis (1.8 and 2.3%, 
respectively), and upper respiratory tract infection (1.9 and 
1.4%, respectively). Injection site pain was reported by 1.4 
and 1.0%, respectively, injection site erythema by 1.2 and 
0.9%, and rhinitis by 0.7 and 1.3%, respectively.

In the 10–17 years age group, injection site pain was 
reported by 11 participants (3.2%) in the MenACWY liquid 
group and seven (2.1%) in the MenACWY licensed group, 
injection site erythema by eight (2.3%) and five (1.5%) par-
ticipants, respectively, and headache by seven (2.0%) and 
five (1.5%) participants, respectively. In the 18–40 years age 
group, injection site pain was reported by eight participants 
(0.8%) in the MenACWY liquid group and six (0.6%) in 
the MenACWY licensed group, injection site erythema by 
eight (0.8%) and seven (0.7%) participants, respectively, 
and headache by eight (0.8%) and 11 (1.1%) participants, 
respectively.

At least one unsolicited AE considered related to vac-
cination was reported in the 29-day post-vaccination period 
by 6.2% of participants in the MenACWY liquid group and 
5.0% in the MenACWY licensed group. In the age group 
analyses, vaccine-related unsolicited AEs were reported by 
7.3% of participants aged 10–17 years in the MenACWY 
liquid group and 5.0% of the MenACWY licensed group, 
and by 5.8 and 5.0%, respectively, of those aged 18–40 
years. Overall, the three most frequently reported related 
unsolicited AEs were the same in each vaccine group: injec-
tion site pain (1.4% in MenACWY liquid group and 1.0% 
in MenACWY licensed group), injection site erythema 

Table 1  Percentage of participants who reported solicited local and 
systemic adverse events, any and severe, within 7 days following vac-
cination with either the fully liquid investigational presentation (Men-
ACWY liquid) or the licensed presentation (MenACWY licensed) of 
MenACWY-CRM vaccine (solicited safety population)

“Severe” is defined as preventing normal activity or, for erythema and 
induration, diameter > 100 mm, or, for fever, body temperature ≥ 40 
°C, or, for loss of appetite, not eating at all
N = number of participants evaluable for the analysis

Overall

MenACWY  
liquid (N = 1332)

MenACWY 
licensed 
(N = 1328)

Local
Erythema
 Any 10.1% 9.0%
 Severe 1.7% 1.3%

Induration
 Any 9.7% 8.6%
 Severe 1.3% 1.1%

Pain
 Any 44.4% 41.8%
 Severe 1.1% 0.8%

Systemic
Arthralgia
 Any 10.3% 10.2%
 Severe 0.5% 0.5%

Chills
 Any 14.6% 13.2%
 Severe 0.3% 0.2%

Fatigue
 Any 36.2% 36.2%
 Severe 1.9% 1.5%

Fever
 ≥ 38°C 2.8% 3.0%
 Severe 0.1% 0.1%

Headache
 Any 36.9% 35.6%
 Severe 1.1% 1.2%

Loss of appetite
 Any 11.0% 9.6%
 Severe 0.7% 0.5%

Myalgia
 Any 13.2% 13.7%
 Severe 0.8% 0.6%

Nausea
 Any 10.9% 10.8%
 Severe 0.5% 0.6%
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(1.2 and 0.9%, respectively), and headache (1.1 and 1.2%, 
respectively).

During the entire safety follow-up period of 6 months, 
unsolicited AEs were reported by 32.2% of participants 
in the MenACWY liquid group and 31.2% in the Men-
ACWY licensed group overall; by age group, these per-
centages were 36.3 and 28.4% for the 10–17 years group 
and 30.8 and 32.2% for the 18–40 years group (Table 3). 

Medically attended AEs were reported by 18.6 and 17.3% 
of participants in the MenACWY liquid group and Men-
ACWY licensed group, respectively. Medically attended 
AEs assessed as related to vaccination were reported by 
few participants: 14 (1.0%) in the MenACWY liquid group 
and 11 (0.8%) in the MenACWY licensed group; nine were 
aged 10–17 years in each vaccine group. In adolescents, the 
most frequent vaccine-related medically attended AEs were, 

Table 2  Percentage of 
participants who reported 
solicited local and systemic 
adverse events, any and severe, 
within 7 days following 
vaccination with either the 
fully liquid investigational 
presentation (MenACWY 
liquid) or the licensed 
presentation (MenACWY 
licensed) of MenACWY-CRM 
vaccine, by age group (solicited 
safety population)

 “Severe” is defined as preventing normal activity or, for erythema and induration, diameter > 100 mm, or, 
for fever, body temperature ≥ 40 °C, or, for loss of appetite, not eating at all
N = number of participants evaluable for the analysis

10–17 years 18–40 years

MenACWY  
liquid (N = 340)

MenACWY  
licensed (N = 341)

MenACWY  
liquid (N = 992)

MenACWY 
licensed 
(N = 987)

Local
Erythema
 Any 15.3% 16.1% 8.3% 6.5%
 Severe 2.1% 2.1% 1.5% 1.0%

Induration
 Any 12.6% 14.7% 8.7% 6.5%
 Severe 1.2% 1.5% 1.3% 1.0%

Pain
 Any 45.3% 43.7% 44.1% 41.1%
 Severe 2.1% 1.5% 0.7% 0.5%

Systemic
Arthralgia
 Any 10.3% 14.1% 10.3% 8.9%
 Severe 0.6% 0.9% 0.5% 0.4%

Chills
 Any 15.6% 17.9% 14.3% 11.6%
 Severe 0.3% 0.3% 0.3% 0.2%

Fatigue
 Any 34.1% 36.4% 36.9% 36.2%
 Severe 2.1% 1.5% 1.8% 1.5%

Fever
 ≥ 38°C 5.0% 5.6% 2.0% 2.1%
 Severe 0.0% 0.3% 0.1% 0.0%

Headache
 Any 42.9% 36.7% 34.8% 35.3%
 Severe 1.2% 0.9% 1.1% 1.3%

Loss of appetite
 Any 13.2% 13.8% 10.3% 8.2%
 Severe 0.6% 0.0% 0.7% 0.6%

Myalgia
 Any 11.8% 14.4% 13.7% 13.5%
 Severe 1.5% 0.6% 0.6% 0.6%

Nausea
 Any 14.4% 11.4% 9.7% 10.6%
 Severe 0.6% 0.9% 0.4% 0.5%
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irrespective of vaccine group, injection site pain, reported by 
five participants (1.5%) in the MenACWY liquid group and 
four (1.2%) in the MenACWY licensed group, injection site 
induration, reported by four (1.2%) and three (0.9%) partici-
pants, respectively, and injection site erythema, reported by 
four (1.2%) and five (1.5%) participants, respectively. In the 
18–40 years group, each medically attended AE considered 
related to vaccination was reported by one participant only 
(0.1%).

There were no reports of AEs leading to participant with-
drawal from the two studies.

3.4  Serious Adverse Events

Fourteen participants in each group (1.0%, MenACWY liq-
uid group; 1.1%, MenACWY licensed group) reported SAEs 
in the 6-month safety follow-up study period (Table 3). Fif-
teen SAEs were reported by 14 participants in the Men-
ACWY liquid group: non-infective appendicitis, dengue 

fever, tooth abscess, post-procedural hemorrhage, soft tis-
sue injury, tibia fracture, hemiplegic migraine, incomplete 
spontaneous abortion, spontaneous abortion (two partici-
pants), ruptured ovarian cyst, depression, attempted suicide, 
and (both in a single participant) ruptured ovarian cyst and 
pleural effusion. There were 14 SAEs reported by 14 partici-
pants in the MenACWY licensed group: atrial flutter, phi-
mosis, hyperthyroidism, hernia, biliary colic, dengue fever, 
otitis externa, jaw fracture, wrist fracture, malignant mela-
noma, uterine cancer, tension headache, ectopic pregnancy, 
and adnexa uteri pain. Of the 14 participants in each group 
reporting SAEs, three were aged 10–17 years in the Men-
ACWY liquid group (SAEs: post-procedural hemorrhage, 
depression, and ruptured ovarian cyst) and two were aged 
10–17 years in the MenACWY licensed group (phimosis 
and otitis externa).

No SAE was considered to be related to the study vac-
cines and there were no deaths reported.

Table 3  Number (percentage) of participants reporting unsolicited 
adverse events (AEs) in 29-day and 181-day periods after vaccination 
with either the fully liquid investigational presentation (MenACWY 

liquid) or the licensed presentation (MenACWY licensed) of Men-
ACWY-CRM vaccine, overall and by age group (unsolicited safety 
population)

N = number of participants evaluable for the analysis

MenACWY liquid MenACWY licensed

Overall (N = 1336) 10–17 years 
(N = 342)

18–40 years 
(N = 994)

Overall (N = 1332) 10–17 years 
(N = 341)

18–40 years 
(N = 991)

29 days post-vaccination
At least one  

unsolicited AE
295 (22.1%) 77 (22.5%) 218 (21.9%) 299 (22.4%) 73 (21.4%) 226 (22.8%)

AE leading to study 
withdrawal

0 0 0 0 0 0

AE leading to 
a medically 
attended visit

90 (6.7%) 28 (8.2%) 62 (6.2%) 92 (6.9%) 32 (9.4%) 60 (6.1%)

 Related to  
vaccination

14 (1.0%) 9 (2.6%) 5 (0.5%) 11 (0.8%) 9 (2.6%) 2 (0.2%)

Serious AE 4 (0.3%) 0 4 (0.4%) 3 (0.2%) 0 3 (0.3%)
 Related to  

vaccination
0 0 0 0 0 0

181 days post-vaccination
At least one  

unsolicited AE
430 (32.2%) 124 (36.3%) 306 (30.8%) 416 (31.2%) 97 (28.4%) 319 (32.2%)

AE leading to study 
withdrawal

0 0 0 0 0 0

AE leading 
to a medi-
cally attended 
visit

248 (18.6%) 81 (23.7%) 167 (16.8%) 230 (17.3%) 63 (18.5%) 167 (16.9%)

 Related to  
vaccination

14 (1.0%) 9 (2.6%) 5 (0.5%) 11 (0.8%) 9 (2.6%)  2 (0.2%)

Serious AE 14 (1.0%) 3 (0.9%) 11 (1.1%) 14 (1.1%) 2 (0.6%) 12 (1.2%)
 Related to  

vaccination
0 0 0 0 0  0
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4  Discussion

Results from two phase 2b studies, which involved over 2600 
participants, demonstrated that, even when the investiga-
tional vaccine was tested under stress conditions, induced by 
a controlled process or after storage in normal conditions up 
to the intended shelf-life, the fully liquid MenACWY-CRM 
presentation was as immunogenic as the unaged licensed 
presentation [12, 13]. Here we confirmed, using pooled data 
from two randomized, controlled clinical studies, that the 
safety profiles of the fully liquid MenACWY-CRM presenta-
tion and the currently licensed presentation are comparable, 
with no concerns identified with the new presentation. The 
single-vial liquid MenACWY-CRM presentation contains 
the same amount of antigen as the licensed presentation, the 
main difference being the absence of sucrose and potassium 
dihydrogen phosphate in the fully liquid presentation, which 
is included as lyophilization matrix for the MenA compo-
nent of the licensed vaccine and is therefore not needed for 
the new liquid presentation.

Numerous clinical trials have demonstrated the robust 
immunogenicity of MenACWY-CRM in various age groups 
and its clinical tolerability and safety profile was shown to 
be similar to that of a plain polysaccharide vaccine [7, 14]. 
Additionally, the acceptable safety profile of MenACWY-
CRM has been confirmed in large post-marketing safety 
studies [6]. The most frequent solicited AEs overall in older 
children, adolescents, and adults in the clinical trials were 
injection site pain, headache, and myalgia [6, 7]. In our inte-
grated safety analysis, the most frequent solicited AEs in 
both vaccine groups were injection site pain, headache, and 
fatigue in the overall population and in the two age groups 
analyzed, with similar frequencies of each solicited AE 
between vaccine groups.

In the analysis of unsolicited AEs in the 29-day post-
vaccination period, percentages were similar between the 
two vaccine groups overall and by age group, and the most 
frequent unsolicited AEs assessed as related to vaccination 
(injection site pain, erythema, and headache) were the same 
in the group analyses. In the 6-month follow-up period, 
SAEs were reported by 14 participants in each group. None 
of the SAEs were considered related to vaccination and 
there were no study withdrawals due to an AE. Altogether, 
the data from this large pooled analysis are consistent with 
the documented safety profile of the licensed MenACWY-
CRM vaccine [6, 7, 15]. Moreover, while the aim of this 
safety analysis was only to compare two presentations of 
the same vaccine, indirect comparisons show that, overall, 
the clinical tolerability and safety profile of the fully liquid 
MenACWY-CRM vaccine evaluated in the two phase 2b 
clinical studies also appears comparable with that reported 
for fully liquid presentations of other licensed MenACWY 

conjugated vaccines (including as carrier diphtheria toxoid 
or tetanus toxoid) [16, 17].

Although interpretation of these results is descriptive in 
nature, a key strength is that the same safety monitoring pro-
cedures were used in the two phase 2b studies. We therefore 
consider this analysis of pooled data from 2,669 adolescents 
and adults who received fully liquid MenACWY-CRM or 
licensed MenACWY-CRM as providing a valuable overview 
of the clinical tolerability and safety profile of the new liquid 
MenACWY-CRM presentation in the participants evaluated.

5  Conclusions

The integrated safety analysis of two randomized, multi-
center, controlled clinical studies shows the tolerability and 
safety profile of the single-vial fully liquid MenACWY-
CRM presentation is comparable with that of the currently 
licensed MenACWY-CRM presentation, marketed since 
2010. This, combined with its immunological non-inferior-
ity to the licensed presentation, provides support for adopt-
ing the fully liquid MenACWY-CRM presentation, upon 
approval.
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