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the Immunogenicity of the Quadrivalent Meningococcal Tetanus
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In this study, we compared the immunogenicities of two lots of meningococcal ACWY-tetanus toxoid conjugate vaccine
(MenACWY-TT) that differed in serogroup A polysaccharide (PS) O-acetylation levels and evaluated their immunogenicities
and safety in comparison to a licensed ACWY polysaccharide vaccine (Men-PS). In this phase III, partially blinded, controlled
study, 1,170 healthy subjects aged 18 to 25 years were randomized (1:1:1) to receive one dose of MenACWY-TT lot A (ACWY-A)
(68% O-acetylation), MenACWY-TT lot B (ACWY-B) (92% O-acetylation), or Men-PS (82% O-acetylation). Immunogenicity
was evaluated in terms of serum bactericidal activity using rabbit complement (i.e., rabbit serum bactericidal activity [rSBA]).
Solicited symptoms, unsolicited adverse events (AEs), and serious AEs (SAEs) were recorded. The immunogenicities, in terms of
rSBA geometric mean titers, were comparable for both lots of MenACWY-TT. The vaccine response rates across the serogroups
were 79.1 to 97.0% in the two ACWY groups and 73.7 to 94.1% in the Men-PS group. All subjects achieved rSBA titers of =1:8 for
all serogroups. All subjects in the two ACWY groups and 99.5 to 100% in the Men-PS group achieved rSBA titers of =1:128. Pain
was the most common solicited local symptom and was reported more frequently in the ACWY group (53.9 to 54.7%) than in the
Men-PS group (36.8%). The most common solicited general symptoms were fatigue and headache, which were reported by 28.6
to 30.3% and 26.9 to 31.0% of subjects, respectively. Two subjects reported SAEs; one SAE was considered to be related to vacci-
nation (blighted ovum; ACWY-B group). The level of serogroup A PS O-acetylation did not affect vaccine immunogenicity. Men-
ACWY-TT (lot A) was not inferior to Men-PS in terms of vaccine response and was well tolerated.

Neisseria meningitidis is a major cause of serious invasive bac-
terial infections, such as meningitis and meningococcemia.
These diseases are associated with high morbidity and mortality
rates and remain major public health problems globally (1-3).
Annually, there are an estimated 1.2 million cases of meningococ-
cal infections and approximately 135,000 deaths worldwide. To-
day, the overall mortality rate of invasive meningococcal disease
(IMD) is 10 to 15% (4). The incidence of IMD is highest in infants,
and a second peak is observed among adolescents and young
adults (4, 5). Case fatality rates are also highest in infants and
young children, although case fatality rates up to 25% have been
recorded in adolescents and young adults 15 to 24 years of age (6).

Among 13 serogroups of N. meningitidis identified based on
the biochemical composition of the capsular polysaccharide (PS),
onlysix, i.e., A, B, C, W-135,Y, and (more recently) X, account for
almost all IMD cases (2, 4, 7, 8). Global serogroup distributions
are widely variable. Serogroups A and C are responsible for the
majority of cases; however, the prevalence of serogroups Y and
W-135 has increased in recent years (2, 9, 10). In particular, sero-
group W-135 has recently emerged as a cause of epidemic disease
in South Africa and South America (11, 12). In Latin America,
outbreaks due to serogroup C in several countries have been re-
ported since the 1970s, whereas serogroups W-135 and Y emerged
only recently in some countries (4, 13). In Asia, serogroup A
caused large outbreaks in several countries in the past century;
more recently, local outbreaks due to serogroups C, W-135, and Y
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have been also reported (4, 14). Thailand experienced a few cases
of IMD due to serogroups A, C, and W-135 between 1994 and
1999, whereas two large outbreaks due to serogroup A occurred in
the Philippines between 1989 and 2005 (14). Prevention of me-
ningococcal disease through vaccination with multivalent vac-
cines that provide broad serogroup coverage is needed, consider-
ing the high incidence and mortality rates in children and young
adults, the diverse worldwide distribution of meningococcal sero-
groups, and the increasing rate of global travel.

Plain PS vaccines against serogroups A, C, W-135, and Y have
been available since the 1970s. The quadrivalent ACWY PS vac-
cine (Men-PS) (Mencevax; GlaxoSmithKline, Rixensart, Bel-
gium) is indicated for active immunization of adults and children
=2 years of age and is broadly used worldwide (15). However,
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meningococcal PSs are poorly immunogenic in infants and tod-
dlers, do not elicit persistent antibody responses, do not reduce
mucosal carriage, and do not confer herd protection (16, 17). The
immunogenicity of PS vaccines can be improved by conjugation
of the capsular PS to a carrier protein, as demonstrated by mon-
ovalent meningococcal serogroup C conjugate vaccines (18-20).
Four multivalent meningococcal conjugate vaccines are currently
available, including a Haemophilus influenzae type b (Hib) and
meningococcal serogroup C and Y tetanus toxoid (TT) conjugate
vaccine (Hib-MenCY-TT) (MenHibrix; GlaxoSmithKline, Rixen-
sart, Belgium) licensed in the United States for vaccination of
infants in a four-dose series from 6 weeks through 18 months of
age (US Food and Drug Administration MenHibrix approval
letter [see http://www.fda.gov/BiologicsBloodVaccines/Vaccines
/ApprovedProducts/ucm308573.htm]) and three quadrivalent
vaccines against serogroups A, C, W-135, and Y, i.e., a diphtheria
toxoid (DT) conjugate vaccine (MenACWY-DT) (Menactra; Sanofi
Pasteur, Inc., Swiftwater, PA) licensed in the United States, Canada,
Gulf Cooperation States in the Middle East, Australia, and the Phil-
ippines for use in individuals 9 months through 55 years of age
(21-23) (US Food and Drug Administration, Menactra approval
letter [see http://www.fda.gov/BiologicsBloodVaccines/Vaccines
/ApprovedProducts/ucm252511.htm], and Sanofi Pasteur press re-
lease for the registration of Menactra by the Health Council for
Arab Countries [see http://www.sanofipasteur.com/sanofi-pasteur4
/ImageServlet?imageCode=27961&siteCode=SP_CORP4]), a mu-
tant diphtheria toxoid (cross-reactive material 197 [CRM,4,]) conju-
gate vaccine (MenACWY-CRM) (Menveo; Novartis Vaccines,
Bellaria-Rosia, Italy) licensed in the United States, Canada, Argen-
tina, Pakistan, Saudi Arabia, Australia, the Philippines, and the Euro-
pean Union for active immunization of children (=2 years of age),
adolescents, and adults (24-27) (European Medicines Agency post-
authorization summary of opinion on Menveo [see http://
www.ema.europa.eu/docs/en_GB/document_library/Summary
_of_opinion/human/001095/WC500124220.pdf]), and a TT conju-
gate vaccine (MenACWY-TT) (Nimenrix; GlaxoSmithKline, Rixen-
sart, Belgium) that was approved in 2012 by the European Medicines
Agency for the active immunization of individuals from 12 months
of age (European Medicines Agency summary for the public for
Nimenrix [see http://www.ema.europa.eu/docs/en_GB/document
_library/EPAR_-_Summary_for_the_public/human/002226/WC50
0127665.pdf]).

O-Acetylation of meningococcal serogroup A PS may be im-
portant for immunogenicity (28). This study was conducted to
compare the immunogenicity of two lots of MenACWY-TT that
differed in the percentage of O-acetylation of meningococcal se-
rogroup A PS and to evaluate the immunogenicity and safety of
MenACWY-TT versus Men-PS in 18- to 25-year-old adults from
Panama, the Philippines, and Thailand.

MATERIALS AND METHODS

Study design. This was a phase III, partially blinded, randomized, con-
trolled study conducted at three centers in Panama, the Philippines, and
Thailand between August and December 2010. Subjects were randomized
(1:1:1) to receive a single dose of MenACWY-TT lot A (with 68% O-acety-
lation of meningococcal serogroup A PS) (ACWY-A group), Men-
ACWY-TT lot B (with 92% O-acetylation of meningococcal serogroup A
PS) (ACWY-B group), or Men-PS (with 82% O-acetylation of meningo-
coccal serogroup A PS) (Men-PS group). Treatment allocation was per-
formed using a central randomization call-in system on the Internet. The
study was observer-blinded with respect to MenACWY-TT lots but open
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with respect to the use of MenACWY-TT or Men-PS, due to the different
routes of injection (intramuscular for MenACWY-TT and subcutaneous
for Men-PS).

Written informed consent was obtained from subjects before any
study-specific procedures were performed. The protocol and associated
documents were reviewed and approved by local independent ethics com-
mittee or institutional review boards. This study was conducted in accor-
dance with good clinical practices and all applicable regulatory require-
ments, including the Declaration of Helsinki. This study is registered at
www.clinicaltrials.gov (NCT01154088).

Study objectives. The primary objectives were (i) to compare the im-
munogenicity of MenACWY-TT vaccine lots in terms of serum bacteri-
cidal activity using baby rabbit complement (i.e., rabbit serum bacteri-
cidal activity [rSBA]) (with an in-house assay) and (ii) to demonstrate the
noninferiority of the vaccine response (VR) induced by MenACWY-TT
(lot A) versus Men-PS. The secondary objectives included evaluation of
the noninferiority of MenACWY-TT lot A versus Men-PS in terms of
rSBA (with the Health Protection Agency [HPA] assay) and evaluation
of the immunogenicity and safety of MenACWY-TT and Men-PS.

Study subjects. Healthy adults who were 18 to 25 years of age at the
time of vaccination, provided written informed consent, and complied
with the requirements of the protocol (completion of the diary cards and
return for the follow-up visits) were eligible for the study. Subjects were
excluded if they had administration within 30 days prior to the study or
planned administration during the study period of any investigational or
nonregistered product, administration within 3 months preceding the
study of immunoglobulins or any blood products, or administration dur-
ing the study period of a vaccine not foreseen by the study protocol (with
the exception of any licensed inactivated influenza vaccine, including
HINI vaccine). Subjects who were immunosuppressed for any reason or
had been previously vaccinated with a meningococcal conjugate vaccine
at any time, with a meningococcal PS vaccine within 5 years prior to the
study, or with a TT-containing vaccine within the last month were also
excluded. Subjects with a history of meningococcal disease, neurologic
disorders (including Guillain-Barré syndrome), bleeding disorders, aller-
gic diseases likely to be exacerbated by any component of the study vac-
cine, chronic alcohol consumption, and/or drug abuse were ineligible.
Moreover, subjects were ineligible if they had major congenital defects, a
serious chronic illness, or an acute disease at the time of enrollment.
Women of childbearing potential were required to practice adequate con-
traception for 30 days prior to vaccination, to have a negative pregnancy
test result prior to enrollment, and to practice adequate contraception
throughout the study period.

Study vaccines. The MenACWY-TT vaccine was developed and man-
ufactured by GlaxoSmithKline (Rixensart, Belgium). One 0.5-ml dose of
the MenACWY-TT vaccine contained 5 g capsular PS from each menin-
gococcal serogroup (A, C, W-135, and Y) conjugated to TT (approxi-
mately 44 pg of TT in each dose); the levels of meningococcal serogroup A
PS O-acetylation were 68% for lot A and 92% for lot B. A 0.5-ml dose of
the Men-PS vaccine (Mencevax; GlaxoSmithKline, Rixensart, Belgium)
contained 50 pg capsular PS from each meningococcal serogroup (A, C,
W-135, and Y); the level of meningococcal serogroup A PS O-acetylation
was 82%. Each vaccine was administered as a single injection. Men-
ACWY-TT was administered intramuscularly into the nondominant del-
toid muscle, and Men-PS was administered subcutaneously into the non-
dominant upper arm.

Immunogenicity assessment. For the assessment of vaccine immu-
nogenicity, blood samples were collected from all subjects prior to and 1
month after vaccination. Functional anti-meningococcal serogroup A, C,
W-135, and Y activity was determined with a rSBA assay with an antibody
titer cutoff 1:8. This cutoff value is considered indicative of seroprotection
for serogroup C and has been extended to the other serogroups (29-31).
Assays were performed at GlaxoSmithKline for the primary endpoints
and at HPA (United Kingdom) laboratories for the secondary endpoints.
The proportions of subjects achieving rSBA titers of =1:8 and =1:128 and
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antibody geometric mean titers (GMTs) were determined for serogroups
A, C, W-135, and Y using both rSBA assays.

Safety and reactogenicity assessment. Local (pain, redness, and
swelling) and general (fever, headache, fatigue, and gastrointestinal symp-
toms [nausea, vomiting, diarrhea, and/or abdominal pain]) solicited
symptoms were recorded for 4 days after vaccination. The intensity of
each symptom was graded on a scale of 0 to 3. Symptoms of grade 3
intensity included injection site redness or swelling with a diameter of
>50 mm, fever with axillary/oral temperatures of >39.5°C, and all other
adverse events (AEs) that prevented normal daily activities. All solicited
local (injection site) reactions were considered causally related to vacci-
nation. The causality of all other AEs was assessed by the investigators. All
AEs, serious adverse events (SAEs), and cases of new onset of chronic
illness (NOCI) that occurred within 1 month (minimum of 30 days) fol-
lowing vaccine administration were recorded.

Statistical analysis. With 1,050 evaluable subjects (350 per group), the
global power to meet both primary objectives was 92.8%. Assuming that
up to 10% of enrolled subjects might be excluded from the according-to-
protocol (ATP) cohort for immunogenicity, enrollment of 1,170 subjects
(390 per group) was planned.

The analysis of safety was performed with the total vaccinated cohort
(TVC), which included all vaccinated subjects. The analysis of immuno-
genicity was performed with the ATP cohort for immunogenicity, which
included all subjects who met all eligibility criteria, who complied with the
procedures defined in the protocol, and for whom immunogenicity re-
sults were available for antibodies against at least one study vaccine
antigen.

For each treatment group and for each antibody at pre- and postvac-
cination time points, rfSBA GMTs were calculated with their 95% confi-
dence intervals (CIs). rfSBA GMTs were calculated by taking the antilog-
arithm of the mean of the logarithmic titer transformations. Antibody
titers below the cutoff value for the assay were given an arbitrary value of
one-half the cutoff value for the purpose of GMT calculations. The pro-
portion (with 95% CI) of subjects with rSBA titers above prespecified
cutoff values and the proportion (with 95% CI) of subjects with rSBA VRs
also were calculated.

The first primary objective, i.e., the clinical comparability of
MenACWY-TT lot A to lot B with respect to rSBA GMTs (as measured at
the GlaxoSmithKline laboratory) for serogroups A, C, W-135, and Y, was
evaluated through computation of the 95% ClIs of the rSBA GMT ratios
(ACWY-B/ACWY-A GMT ratios) using an analysis of covariance
(ANCOVA) model on the log,, transformation of the titers, including the
vaccine group as a fixed effect and using the prevaccination log,, trans-
formation of the titers and the country as covariates. Noninferiority of lot
B versus lot A was demonstrated if the upper limit of the two-sided 95% CI
for the rSBA GMT ratio was below a limit of 2.

The second primary objective, i.e., the noninferiority of the rSBA
VR (as measured at the GlaxoSmithKline laboratory) induced by
MenACWY-TT lot A versus Men-PS, was demonstrated for each sero-
group if the lower limit of the two-sided standardized asymptotic 95% CI
for the group difference (MenACWY-TT lot A value minus Men-PS
value) in the percentage of subjects with VRs was at least —10%. A VR was
defined as a postvaccination rSBA titer of at least 1:32 for initially serone-
gative subjects (rSBA titer of <1:8) and a 4-fold increase in the rSBA titer
for initially seropositive subjects (rSBA titer of =1:8).

The noninferiority of MenACWY-TT lot A versus Men-PS with re-
spect to rSBA GMTs tested by the HPA was evaluated through computa-
tion of the 95% Cls of the rSBA GMT ratios (Men-PS/ACWY-A GMT
ratios) usingan ANCOVA model on the log, , transformation of the titers,
including the vaccine group as a fixed effect and using the prevaccination
log,, transformation of the titers and the country as covariates. The non-
inferiority of ACWY-A versus Men-PS was demonstrated if the upper
limit of the 95% CI for the GMT ratio was lower than 2.

In the exploratory analysis, the two groups were considered to be
statistically significantly different in terms of percentages of subjects with
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follow-up (4) follow-up (6) follow-up (7)

FIG 1 Subject flow chart showing the number of subjects enrolled, the num-
ber who completed the study, and the reasons for exclusion from the ATP
cohort for immunogenicity. *, the randomization code was broken at the in-
vestigator site (to determine which vaccine had been administered) for one
subject because the subject experienced a serious adverse event (blighted
ovum) that was assessed by the investigators as possibly being related to the
study vaccine. ACWY-A, subjects vaccinated with MenACWY-TT lot A;
ACWY-B, subjects vaccinated with MenACWY-TT lot B; Men-PS, subjects
vaccinated with Men-PS; ATP, according-to-protocol; N, total number of sub-
jects. Numbers in parentheses indicate numbers of subjects.

titers above the specified cutoff values if the 95% CI for the difference in
rates between the two vaccine groups did not contain the value 0. Two
groups were considered to be statistically significantly different in terms of
antibody titers if the 95% CI for the GMT ratio between the two groups
did not contain the value 1. Exploratory analyses were not adjusted for
multiplicity; therefore, the results should be interpreted cautiously.

The percentages of subjects reporting each solicited local or general
symptom (any grade, grade 3, and [for general symptoms] related and
grade 3 related symptoms), unsolicited AEs (grade 3, related, and grade 3
related), SAEs, and cases of NOCI were tabulated with exact 95% Cls.
SAEs and withdrawals due to AEs were described in detail. All statistical
analyses were performed using SAS 9.2 software (SAS Institute Inc., Cary,
NC, USA) and StatXact 7.0 (Cytel, Cambridge, MA).

RESULTS

Study subjects. Of the 1,172 subjects enrolled, 1,170 were vacci-
nated. Subjects were distributed equally among the three study
centers (130 subjects per center per treatment group). A total of
1,153 subjects completed the study; all 17 withdrawn subjects were
lost to follow-up after receipt of the study vaccine (Fig. 1). The
demographic characteristics were comparable between the study
groups with respect to mean age and racial distribution. There
were more female versus male subjects in the ACWY-B group than
in the other groups (Table 1). Almost all subjects recruited from
Thailand and the Philippines were South-East Asian, whereas the
majority of subjects from Panama were of Hispanic and mixed
racial backgrounds. There was no major difference in the ages of
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TABLE 1 Summary of demographic characteristics (total vaccinated
cohort)

Characteristics ACWY-A? ACWY-B Men-PS
No. 390 390 390
Age (mean = SD) (yr) 20.8 +2.14 209 *2.10 20.6 + 1.94
Gender (n [%])
Female 197 (50.5)  225(57.7) 204 (52.3)
Male 193 (49.5) 165 (42.3) 186 (47.7)
Race (n [%])
Asian, southeast Asian 258 (66.2) 259 (66.4) 257 (65.9)
heritage
Asian, east Asian heritage 2 (0.5) 1(0.3) 2(0.5)
Asian, central/south Asian 0 (0.0) 1(0.3) 0(0.0)
heritage
Asian, Japanese heritage 0 (0.0) 0(0.0) 1(0.3)
African 16 (4.1) 13 (3.3) 17 (4.4)
heritage/African-American
White, Caucasian/European 13 (3.3) 14 (3.6) 13 (3.3)
heritage
White, Arabic/North African 1 (0.3) 0(0.0) 0(0.0)
heritage
Other” 100 (25.6) 102 (26.2) 100 (25.6)

“ ACWY-A, subjects vaccinated with MenACWY-TT lot A; ACWY-B, subjects
vaccinated with MenACWY-TT lot B; Men-PS, subjects vaccinated with Men-PS.
b Hispanic, indigenous, Kuna (indigenous), Latin, mixed, or Panamanian Lebanese.

subjects recruited from the different countries. More females than
males were recruited from Panama (52.6%) and Thailand
(59.0%), whereas the reverse was true for the Philippines (49.0%)
(see Table S1 in the supplemental material).

Immunogenicity. (i) Assays performed at GlaxoSmithKline.
The primary criterion to demonstrate the noninferiority of the
immunogenicity of MenACWY-TT lot A (68% O-acetylation of
serogroup A PS) versus lot B (92% O-acetylation of serogroup A
PS) at 1 month after vaccination was reached, as the upper limits
of the 95% ClIs of the rSBA GMT ratios (ACWY-B over ACWY-A)
were below the limit of 2 for all serogroups. Exploratory analyses
suggested that the postvaccination rSBA GMTs for serogroup Y
were statistically significantly higher in the ACWY-A group than
in the ACWY-B group (Table 2).

The primary criterion to demonstrate the noninferiority of
MenACWY-TT lot A versus Men-PS in terms of VRs was reached;
for each serogroup separately, the lower limit of the 95% CI for the
group difference (ACWY-A minus Men-PS) was greater than the

TABLE 3 Differences between the ACWY-A and Men-PS groups in the
percentages of subjects with rSBA vaccine responses to antibodies 1
month after vaccination, with the GlaxoSmithKline rSBA assay (ATP
cohort for immunogenicity)

No. (% with VR) with
available results”

Difference in vaccine response
rate (ACWY-A — Men-PS)

Antibody ACWY-A Men-PS (% [95% CI])

MenA 302 (79.1) 293 (73.7) 5.42 (—1.41 to 12.25)b
MenC 346 (93.6) 353 (94.1) —0.41 (—4.11 to 3.25)”
MenW-135 338 (97.0)°  337(90.2)  6.83 (3.28-10.78)"
MenY 358 (93.3)¢ 357 (86.3) 7.02 (2.63—11.58)b

@ ACWY-A, subjects vaccinated with MenACWY-TT lot A; Men-PS, subjects vaccinated
with Men-PS; CI, confidence interval (standardized asymptotic). Vaccine responses
were defined as follows: for initially seronegative subjects (rSBA titer of <1:8),
postvaccination titer of =1:32; for initially seropositive subjects (rSBA titer of =1:8),
postvaccination titer =4 times the prevaccination antibody titer.

b The lower limit of the 95% CI for the group difference between the ACWY-A and
Men-PS groups is above the noninferiority limit of —10%.

¢ Statistically significantly higher value in the ACWY-A group than in the Men-PS
group (exploratory analysis).

predefined limit of —10%. Exploratory analyses suggested that
rSBA VR rates for serogroups W-135 and Y were statistically sig-
nificantly higher in the ACWY-A group than in the Men-PS group
(Table 3).

At 1 month after vaccination, VR rates for each of the four
serogroups ranged from 79.1% to 97.0% in the MenACWY-TT
groups and from 73.7% to 94.1% in the Men-PS group (Table 4).
The percentages of subjects with rSBA titers of =1:8 for the four
serogroups increased to 100% in all three groups. All subjects in
the MenACWY-TT groups and 99.5 to 100% of subjects in the
Men-PS group achieved rSBA titers of =1:128 (Table 4).

In all groups, rfSBA GMTs for each serogroup were at least
8-fold higher 1 month after vaccination than before vaccination.
Exploratory analyses suggested that the rfSBA GMTs for sero-
groups A, W-135, and Y were statistically significantly higher in
the MenACWY-TT groups than in the Men-PS group 1 month
postvaccination (Table 4).

The percentages of subjects with prevaccination rSBA titers of
=1:8 for serogroup C appeared lower in Panama (41.2 to 47.8%)
than in Thailand (61.1 to 67.7%) or the Philippines (69.6 to
77.4%). There were no major between-country differences in
terms of percentages of subjects with pre- or postvaccination rSBA
titers of =1:8 or =1:128 for the other serogroups (see Table S2 in
the supplemental material).

TABLE 2 Adjusted ACWY-B/ACWY-A GMT ratios for MenA, MenC, MenW-135, and MenY titers 1 month after vaccination, with the

GlaxoSmithKline rSBA assay (ATP cohort for immunogenicity)

ACWY-B ACWY-A Adjusted GMT ratio (ACWY-B/
Antibody N Adjusted GMT N Adjusted GMT ACWY-A) (95% CI)”
MenA 298 5,195.3 302 4,997.0 1.04 (0.92-1.17)¢
MenC 342 6,874.5 346 5,988.0 1.15 (0.96-1.37)¢
MenW-135 327 9,202.5 338 10,115.0 0.91 (0.80-1.04)°
MenY 353 10,339.0 358 11,757.9¢ 0.88 (0.78-0.99)°

“* ACWY-A, subjects vaccinated with MenACWY-TT lot A; ACWY-B, subjects vaccinated with MenACWY-TT lot B; N, number of subjects with both pre- and postvaccination
results available; adjusted GMT, geometric mean antibody titer adjusted for country and baseline titer.
b CI, confidence interval. The ANCOVA model included adjustment for country and baseline titer, with pooled variance.

¢ The upper limit of the 95% CI is below the noninferiority limit of 2.

4 Statistically significantly higher value in the ACWY-A group than in the ACWY-B group (exploratory analysis).
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TABLE 4 Percentages of subjects with rSBA titers of =1:8 and =1:128, GMTs (prior to and 1 month after vaccination), and vaccine responses, with
the GlaxoSmithKline rSBA assay (ATP cohort for immunogenicity)

No. of subjects

% (95% CI) of subjects with rSBA

titers of:

=1:128

GMT (95% CI)”

No. (% with VR [95%
CI]) of subjects with
pre- and postvaccination
results available®

Antibody with available
and group” Time point results =1:8
MenA
ACWY-A Prevaccination 320 92.5 (89.0-95.1)
Postvaccination 359 100 (99.0-100)
ACWY-B Prevaccination 328 95.7 (92.9-97.6)
Postvaccination 343 100 (98.9-100)
Men-PS Prevaccination 310 95.2 (92.1-97.3)
Postvaccination 356 100 (99.0-100)
MenC
ACWY-A Prevaccination 351 60.1 (54.8-65.3)
Postvaccination 374 100 (99.0-100)
ACWY-B Prevaccination 350 60.9 (55.5-66.0)
Postvaccination 370 100 (99.0-100)
Men-PS Prevaccination 361 62.0 (56.8-67.1)
Postvaccination 372 100 (99.0-100)
MenW-135
ACWY-A Prevaccination 343 86.3 (82.2-89.8)
Postvaccination 375 100 (99.0-100)
ACWY-B Prevaccination 333 85.9 (81.7-89.4)
Postvaccination 370 100 (99.0-100)
Men-PS Prevaccination 345 86.4 (82.3-89.8)
Postvaccination 372 100 (99.0-100)
MenY
ACWY-A Prevaccination 363 92.3 (89.0-94.8)
Postvaccination 375 100 (99.0-100)
ACWY-B Prevaccination 359 94.2 (91.2-96.3)
Postvaccination 371 100 (99.0-100)
Men-PS Prevaccination 364 92.3 (89.1-94.8)
Postvaccination 373 100 (99.0-100)

85.0 (80.6-88.7)
100 (99.0-100)
89.0 (85.1-92.2)
100 (98.9-100)
88.7 (84.6-92.0)
100 (99.0-100)

37.9 (32.8-43.2)
100 (99.0-100)
42.9 (37.6-48.2)
100 (99.0-100)
44.0 (38.9-49.3)
99.5 (98.1-99.9)

71.1 (66.0-75.9)
100 (99.0-100)
72.1 (66.9-76.8)
100 (99.0-100)
70.7 (65.6-75.5)
99.7 (98.5-100)

84.6 (80.4-88.1)
100 (99.0-100)
85.8 (81.7-89.2)
100 (99.0-100)
86.0 (82.0-89.4)
100 (99.0-100)

348.4 (293.0-414.2)
4,846.0 (4,459.8-5,265.7)"
401.4 (347.2-464.1)
5,064.6 (4,657.5-5,507.2)%
424.4 (362.9-496.5)
3,421.0 (3,134.7-3,733.4)

36.3 (29.3-45.0)
6,025.4 (5,269.0-6,890.2)
44.7 (35.6-56.2)
7,070.7 (6,225.3-8,030.9)
46.9 (37.2-59.0)
5,953.1 (5,188.2-6,830.7)

185.9 (153.1-225.6)
9,836.7 (8,939.2-10,824.3)%
191.2 (155.9-234.4)
8,855.5 (8,021.8-9,775.9)%
205.5 (167.6-252.0)
4,675.1 (4,145.9-5,272.0)

387.5 (324.9-462.2)

11,632.5 (10,675.1-12,675.8)"
426.8 (362.2-502.8)

10,386.7 (9,557.5-11,287.9)¢
412.6 (346.8-490.8)

6,315.9 (5,787.9-6,892.1)

302 (79.1 [74.1-83.6])
298 (79.9 [74.9-84.3])

293 (73.7 [68.3-78.7])

346 (93.6 [90.5-96.0])
342 (95.6 [92.9-97.5])

353 (94.1 [91.0-96.3])

338 (97.0 [94.6-98.6])%
327 (95.4 [92.5-97.4])¢

337 (90.2 [86.5-93.2])

358 (93.3 [90.2-95.7])¢
353 (91.8 [88.4-94.4])¢

357 (86.3 [82.3-89.7])

@ ACWY-A, subjects vaccinated with MenACWY-TT lot A; ACWY-B, subjects vaccinated with MenACWY-TT lot B; Men-PS, subjects vaccinated with Men-PS; CI, confidence

interval; prevaccination, month 0; postvaccination, month 1.

b The geometric mean antibody titers have not been adjusted for baseline titers or country.

¢ Vaccine responses were defined as follows: for initially seronegative subjects (rSBA titer of <1:8), postvaccination titer of =1:32; for initially seropositive subjects (rSBA titer

of =1:8), postvaccination titer =4 times the prevaccination antibody titer.

4 Statistically significantly higher value in the ACWY-A or ACWY-B group than in the Men-PS group (exploratory analysis).

(ii) Assays performed at the Health Protection Agency. At 1
month after vaccination, the noninferiority of ACWY-A versus
Men-PS in terms of rSBA GMTs measured by the HPA assay was
demonstrated, since the upper limits of the 95% ClIs of the rSBA
GMT ratios (Men-PS/ACWY-A GMT ratios) were below the limit
of 2 for all serogroups. In both vaccine groups, the rfSBA GMTs for
each serogroup were over 200-fold higher 1 month postvaccina-
tion than prevaccination. Exploratory analyses suggested that the
rSBA GMTs for serogroups A, W-135, and Y were statistically
significantly higher in the ACWY-A group than in the Men-PS
group (see Table S3 in the supplemental material).

The VR rates for each of the four serogroups ranged from
97.8% to 98.9% in the ACWY-A group and from 95.3% to 98.1%
in the Men-PS group (see Table S4 in the supplemental material).
Exploratory analyses suggested that, for serogroups W-135 and Y,
rSBA VR rates were statistically significantly higher in the
ACWY-A group than in the Men-PS group. One month postvac-
cination, the percentages of subjects with rSBA titers of =1:8 for
the four serogroups reached 98.9 to 100% in the ACWY-A group
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and 96.8 to 99.7% in the Men-PS group. The proportions of sub-
jects with rSBA titers of =1:128 were 98.4 to 100% in the ACWY-A
group and 96.2 to 98.4% in the Men-PS group. Exploratory anal-
yses suggested that the percentages of subjects with rSBA titers of
=1:8 for serogroups C and Y and rSBA titers of =1:128 for sero-
groups A, W-135, and Y were statistically significantly higher in
the ACWY-A group than in the Men-PS group. Exploratory anal-
yses suggested that the rSBA GMTs for serogroups A, W-135, and
Y were statistically significantly higher in the ACWY-A group than
in the Men-PS group 1 month postvaccination (see Table S4 in the
supplemental material). Similar to the results obtained with the
GlaxoSmithKline rSBA assay, there were no major differences in
pre- or postvaccination seropositivity rates between the countries,
aside from a trend for lower prevaccination seropositivity rates for
serogroup C in Panama (data not shown).

Safety and reactogenicity. The most commonly reported so-
licited local symptom was pain at the injection site, which was
reported by 53.9% of subjects in the ACWY-A group, 54.7% of
subjects in the ACWY-B group, and 36.8% of subjects in the
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FIG 2 Percentages of subjects who reported local or general solicited symp-
toms within the 4-day postvaccination period (total vaccinated cohort).
ACWY-A, subjects vaccinated with MenACWY-TT lot A; ACWY-B, subjects
vaccinated with MenACWY-TT lot B; Men-PS, subjects vaccinated with Men-
PS. Error bars represent 95% confidence intervals.

Men-PS group. The percentages of patients reporting pain tended
to be higher in both MenACWY-TT groups than in the Men-PS
group, as indicated by the nonoverlapping 95% Cls (Fig. 2). Over-
all, solicited local symptoms seemed to be reported more fre-
quently in the MenACWY-TT groups than in the Men-PS group.
The most common solicited general symptoms were fatigue and
headache, with incidences of 28.6 to 30.3% and 26.9 to 31.0%,
respectively (Fig. 2). The incidences of fever (=37.5°C) ranged
from 6.0% to 7.3% across the groups; fever above 39.5°C was not
reported. The proportions of subjects reporting general symp-
toms were comparable for all three groups (Fig. 2). Grade 3 solic-
ited local and general symptoms were reported by =2.1% of sub-
jects.

In all groups, the incidences of grade 3 unsolicited AEs ranged
from 1.8 to 3.6%; the most commonly reported AEs were upper
respiratory tract infection (0.3 to 1.0%), headache (0.3 to 0.5%),
and dysmenorrhea (0.0 to 0.8%). Grade 3 unsolicited symptoms
causally related to vaccination were reported by four subjects, one
in the ACWY-A group (rash), one in the ACWY-B group
(blighted ovum, also reported as an SAE; see below), and two in
the Men-PS group (one reported migraine and one reported
atopic dermatitis).

Two subjects reported SAEs, one in the ACWY-B group
(blighted ovum) and one in the Men-PS group (acute appendici-
tis). The blighted ovum was considered by the investigators to be
potentially related to the study vaccination. This event was re-
solved when the subject underwent dilation and curettage. The
appendicitis was considered not related to the study vaccination.
The episode was completely resolved after the subject was hospi-
talized and underwent an appendectomy. No subjects reported
NOCI, and no fatal SAEs were reported during the study.

DISCUSSION

It has been shown that removal of the O-acetyl groups reduced the
immunogenicity of the meningococcal serogroup A capsular PS in
mice (28). The meningococcal serogroup A capsular PS is 70 to
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90% O-acetylated at carbon 3, and O-acetylation is susceptible to
alkaline hydrolysis (28, 32, 33). Potential differences in O-acety-
lation levels between different lots may occur if O-acetyl groups
are partially removed in the process of PS conjugation. This study
was conducted to ensure that a lower level (68%) of O-acetylation
of the meningococcal serogroup A PS in MenACWY-TT vaccine
lot A did not unduly affect the immunogenicity of the vaccine,
compared to MenACWY-TT lot B, with a higher level of sero-
group A PS O-acetylation (92%), and to a licensed PS vaccine with
82% serogroup A PS O-acetylation.

The primary criterion for noninferiority of MenACWY-TT lot
A versus lot B was met. Comparable immunogenicity of the two
lots of MenACWY-TT with different levels of meningococcal se-
rogroup A capsular PS O-acetylation (68% and 92% O-acetyla-
tion) was demonstrated in terms of rSBA GMTs for all serogroups.
Our results indicated that the lower level of O-acetylation of the
meningococcal serogroup A capsular PS in MenACWY-TT did
not result in reduced VRs. The primary criteria for noninferiority
of Men-ACWY-TT (lot A) versus a licensed Men-PS vaccine in
terms of VRs for meningococcal serogroups A, C, W-135, and Y
were met.

At 1 month postvaccination, high VR rates for all four sero-
groups were observed in all groups. Moreover, when the
GlaxoSmithKline rSBA assays were used, all subjects had rSBA
titers of =1:8 and at least 99.5% had rSBA titers of =1:128, with
large fold increases in rSBA GMTs. These observations are con-
sistent with the results of previous studies evaluating the im-
mune responses to MenACWY-TT in adolescents and young
adults (34, 35).

The results of the immunogenicity analyses performed at the
HPA laboratories were in line with those obtained with rSBA as-
says performed at GlaxoSmithKline. The MenACWY-TT lot with
the lowest level of O-acetylation of the meningococcal serogroup
A PS was shown to be noninferior to Men-PS in terms of rSBA
GMTs. Furthermore, high VR rates and percentages of subjects
with rSBA titers of =1:8 and =1:128 were observed in both
groups. Exploratory analyses showed that the rfSBA GMTs evalu-
ated with both GlaxoSmithKline and HPA assays for meningococ-
cal serogroups A, W-135, and Y were higher in subjects vaccinated
with MenACWY-TT than in those who received the Men-PS vac-
cine. These results are consistent with those obtained previously
for adults 18 to 55 years of age (36). Exploratory analysis done on
the results obtained with the HPA assay showed that the percent-
ages of subjects with rSBA titers of =1:8 for serogroups C and Y
and with rSBA titers of =1:128 for serogroups A, W-135, and Y
were statistically significantly higher among subjects vaccinated
with the MenACWY-TT lot with the lowest level of O-acetylation
of the meningococcal serogroup A PS than among those who re-
ceived the Men-PS vaccine.

In this study, the majority of subjects were seropositive for
rSBA against all four serogroups before vaccination, as shown
with the GlaxoSmithKline assay, although the HPA assay indi-
cated that approximately one-third as many subjects were sero-
positive for any serogroup before vaccination. Different technical
parameters used in the GlaxoSmithKline assay render the assay
more sensitive to naturally acquired antibodies (37). Thus, inter-
laboratory differences may explain the lower reported rSBA titers
measured with the HPA assay than with the GlaxoSmithKline in-
house assay.
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High prevaccination rSBA titers have also been reported in
other studies with meningococcal conjugate vaccines conducted
with adults (36, 38, 39) and are consistent with the knowledge that
immunity to meningococcal strains increases with age (40). It is
likely that circulating meningococcal strains causing asymptom-
atic nasopharyngeal carriage and acquisition of functional anti-
bodies due to natural immunity may contribute to these high
observed seropositivity rates. Therefore, VR was chosen as a pri-
mary endpoint of this study, as it measures the ability of subjects to
respond to the vaccine regardless of their prevaccination serosta-
tus. Interestingly, the percentage of subjects with prevaccination
serogroup C rSBA titers of =1:8 appeared lower for Panama than
for Thailand or the Philippines. It is possible that this might result
from different levels of asymptomatic carriage of serogroup C in
these countries. However, as the carriage data from these coun-
tries are scarce and the prevalence of serogroup C in other parts of
South America (e.g., Brazil) is high, these possible differences in
prevaccination rSBA titers should be interpreted with caution
(13, 41).

All vaccines administered in this study were well tolerated. The
safety profile of MenACWY-TT was comparable to that observed
in previous studies conducted with adolescents and young adults
(42, 43). However, a lower incidence of pain at the injection site
was observed in two other studies, one conducted with adoles-
cents from India, Taiwan, and the Philippines (26.2%) (44) and
the other with adults from Lebanon and the Philippines (19.4%)
(36). It is possible that the lower incidence of pain observed in the
two latter studies reflects cultural differences in the reporting of
symptoms. Pain at the injection site tended to be reported more
frequently for participants who received the MenACWY-TT vac-
cine than the Men-PS vaccine. This observation is consistent with
previous studies showing that injection site reactions are more
frequent in individuals vaccinated with MenACWY-TT versus
Men-PS (35, 36, 45, 46) and those vaccinated with other quadri-
valent meningococcal conjugate vaccines versus plain PS vaccines
(47, 48). It is likely that the increased reactogenicity following
vaccination with the MenACWY-TT vaccine is due to the TT
component (49). Grade 3 unsolicited symptoms as well as unso-
licited symptoms considered related to vaccination were infre-
quent, and only two SAEs were reported.

Potential limitations of the study include the partial blinding
due to the different routes of administration for MenACWY-TT
vaccine (intramuscular) and the meningococcal PS control vac-
cine (subcutaneous). Theoretically, this might have impacted the
evaluation of safety objectives, although it is most likely that any
bias would have occurred in favor of the control group. The im-
munogenicity evaluations are very unlikely to have been impacted
by the level of study blinding, since laboratory personnel re-
mained blinded to treatment group throughout the study. Multi-
plicity adjustments were not made for the numerous exploratory
statistical analyses; therefore, the results of the exploratory com-
parisons should be interpreted cautiously.

In conclusion, this study showed that the level of meningococ-
cal serogroup A PS O-acetylation did not affect the immunogenic-
ity of the vaccine and the vaccine lot of MenACWY-TT with the
lower level of O-acetylation was noninferior to the lot with the
higher level of O-acetylation. A single dose of MenACWY-TT was
noninferior to a single dose of Men-PS in terms of the VR.
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