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ABSTRACT

A previous phase 3, randomized, multicenter study showed the immunogenicity of a primary vaccination of
subjects aged 11 to 17 years with the quadrivalent meningococcal vaccine conjugated to tetanus toxoid
(MenACWY-TT) or the quadrivalent meningococcal polysaccharide vaccine (MenACWY-PS). This extension
study evaluated the safety and immunogenicity of a MenACWY-TT booster 10 years after receiving a primary
dose of either MenACWY-TT or MenACWY-PS. The primary immunogenicity endpoint was booster response,
evaluated using serum bactericidal antibody assays with rabbit complement (rSBA), 1 month postbooster.
Safety endpoints included the percentage of subjects experiencing local and general adverse events (AEs)
<4 days after MenACWY-TT booster. Of 229 subjects enrolled, 169 and 58 in the MenACWY-TT and
MenACWY-PS groups, respectively, completed the booster phase. The 1 month postbooster response for
each serogroup ranged from 81.5% to 95.7% for MenACWY-TT and 66.7% to 94.1% for MenACWY-PS. Similar
percentages of MenACWY-TT and MenACWY-PS recipients had a booster response to serogroups A, W, and
Y, whereas more MenACWY-TT recipients than MenACWY-PS recipients had a booster response to serogroup
C. For the MenACWY-TT and MenACWY-PS groups, respectively, the MenACWY-TT booster elicited rSBA
titers =1:8 in 100% and >98.0% of subjects across all serogroups; 100% and >96.1% of all subjects had titers
>1:128. No new safety signals were observed during the booster phase. In conclusion, a MenACWY-TT
booster dose after receiving either a primary dose of MenACWY-TT or MenACWY-PS elicited robust immune
responses and was well tolerated. Functional antibody responses last up to 10 years after primary
MenACWY-TT vaccination.
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Introduction . . . I
Previous meningococcal polysaccharide vaccination may

Neisseria meningitidis causes invasive meningococcal disease
(IMD), a serious health threat globally.! Case-fatality rates are
approximately 15% and up to 20% of patients develop long-
term sequelae.

Quadrivalent meningococcal vaccines target 4 of the 5 most
common disease-causing N meningitidis serogroups, A, C, W, and
Y (MenACWY),"** and include the meningococcal conjugate
vaccine MenACWY-TT (capsular polysaccharides from menin-
gococcal serogroups A, C, W, and Y each conjugated to tetanus
toxoid; Nimenrix®, Pfizer Ltd, Sandwich, UK)’ and the meningo-
coccal polysaccharide vaccine MenACWY-PS (Mencevax®,
GlaxoSmithKline, Rixensart, Belgium).6

Meningococcal vaccinations often are administered dur-
ing childhood.” However, waning immune responses to
meningococcal conjugate vaccination in early childhood
likely pose a challenge to protection during peak vulner-
ability at later adolescent ages without booster doses.*” In
addition, individuals who receive the vaccine in early ado-
lescence (aged 11-12 years) may require a booster dose at
age 16 years to improve long-term vaccination protection.®

also influence the immune response of a meningococcal
conjugate vaccine when administered within the past
10 years.'™' As polysaccharide vaccines do not induce
anamnestic immune responses, they do not provide long-
term protection against disease, whereas conjugate vaccines
elicit complete maturation of B cells to produce immuno-
logic memory."'

Given these nuances, a better understanding of the long-
term impact of polysaccharide or conjugate primary vacci-
nation on booster efficacy is important to effectively provide
protection against IMD during age-related peaks in vulner-
ability. Therefore, an extension study was performed in
subjects who had received 1 primary dose of either the
conjugate vaccine MenACWY-TT or the polysaccharide vac-
cine MenACWY-PS as adolescents (aged 11-17 years). The
objectives were to evaluate the safety and immunogenicity of
a booster dose of MenACWY-TT administered approxi-
mately 10 years after the primary vaccination and to assess
the long-term antibody persistence of this primary dose
administered to subjects aged 11 to 17 years.
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Materials and methods
Study design and participants

This phase 3b, open-label study (EudraCT number 2013-001512-
29) is an extension of the primary study (NCT00464815), which
was previously described.'” Briefly, the primary study was a
phase 3, open-label, randomized, multicenter study conducted in
3 countries (India, the Philippines, and Taiwan) during 2007 to
2008; subjects 11 to 17 years of age received a primary dose of
either MenACWY-TT or MenACWY-PS. Subjects from India
and the Philippines were examined in a separate follow-up study
(NCT00974363) at 2 years'" and then annually through 5 years'*
after primary vaccination. Healthy subjects who completed the
primary study were eligible to enroll in the current extension
study, conducted only in the Philippines, according to their pri-
mary study vaccination group.

In the current study, a booster dose of MenACWY-TT was
administered intramuscularly at Visit 1 (10 years postprimary
vaccination) to all subjects in both study groups. Blood sam-
ples were taken from each subject before and 1 month after
booster vaccination. Key inclusion criteria were for subjects to
be considered healthy based on medical history and physical
examination and to have completed the vaccination per pro-
tocol in the primary study. Key exclusion criteria included
(i) use of any investigational or nonregistered drug or vaccine
other than the study vaccine within 30 days before the study
dose or planned use during the study period, (ii) chronic
administration (>14 days total) of immunosuppressants or
immune-modifying drugs within 6 months before vaccine
dose, (iii) administration of immunoglobulins and/or blood
products within 3 months before study vaccination or during
the booster vaccination phase, (iv) confirmed or suspected
immunosuppressive or immunodeficiency condition, (v) his-
tory of reaction or hypersensitivity to any component of the
vaccine, (vi) acute disease and/or fever at the time of vaccina-
tion, and (vii) being pregnant, lactating, or planning to get
pregnant or father a child.

This study was conducted according to good clinical prac-
tice and in accordance with the Declaration of Helsinki. The
protocol and associated documents were reviewed and
approved by local institutional review boards/independent
ethics committees and approved by the Research Institute
for Tropical Medicine Institutional Review Board, which has
a level 3 accreditation from the Philippine Health Research
Ethics Board. Written informed consent was obtained from all
subjects prior to study entry.

Immunogenicity

The primary immunogenicity endpoint was booster response
1 month after booster vaccination, assessed with serum bac-
tericidal antibody assays using rabbit complement (rSBA), to
the meningococcal antigens (rSBA-MenA, rSBA-MenC,
rSBA-MenW, and rSBA-MenY). Booster response to menin-
gococcal serogroups A, C, W, and Y was defined as rSBA
antibody titers >1:32 at 1 month after vaccination for initially
seronegative subjects (prevaccination rSBA titer <1:8) or
a 2 4-fold increase in rSBA titers from prevaccination to
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1 month after vaccination in initially seropositive subjects
(prevaccination rSBA titer >1:8).

The secondary immunogenicity endpoints included rSBA-
MenA, rSBA-MenC, rSBA-MenW, and rSBA-MenY titers
>1:8 and 21:128 and geometric mean titers (GMTs) at
1 month after booster vaccination. Anti-TT concentrations
20.1 IU/mL, 21.0 IU/mL, and geometric mean concentrations
(GMCs) were also evaluated before and 1 month after booster
vaccination. For long-term antibody persistence, rSBA-MenA,
rSBA-MenC, rSBA-MenW, and rSBA-MenY titers >1:8 and
>1:128 and GMTs were assessed at Year 10 before booster
vaccination.

Safety

The safety endpoints were the percentage of subjects experiencing
solicited local and general adverse events (AEs) <4 days (Days 0-3)
after MenACWY-TT booster vaccination as follows: (i) percentage
of subjects experiencing unsolicited AEs <31 days (Days 0-30)
after MenACWY-TT booster vaccination, (ii) percentage of sub-
jects experiencing serious AEs (SAEs), new onset of chronic illness
(NOCI asthma, autoimmune disorders, type 1 diabetes mellitus,
allergies) or Guillain-Barré syndrome (GBS) <31 days (Days 0-30)
after MenACWY-TT booster vaccination, and (iii) percentage of
subjects experiencing SAEs associated with primary vaccination
and events due to lack of vaccine efficacy between the subjects’ last
primary study visit and the beginning of the current study.

Statistical analyses

Determination of sample size

This extension study was designed to enroll approximately
200 subjects. For the analysis at Visit 2 (ie, 1 month after
booster vaccination given at Year 10), it was estimated that
approximately 10% of subjects would not be evaluable.
Approximately 180 subjects were expected to be included in
the according-to-protocol (ATP) cohort for assessing immu-
nogenicity of the booster dose (135 in the MenACWY-TT
group and 45 in the MenACWY-PS group).

The booster total vaccinated cohort for safety comprised all
subjects who were vaccinated in the primary study and had
received a documented MenACWY-TT booster vaccine. The
booster ATP cohort for immunogenicity included all subjects
who (i) received a dose of MenACWY-TT or MenACWY-PS
in the primary study and a MenACWY-TT booster dose,
(ii) had not received a vaccine not specified or forbidden by
protocol through the persistence phase, (iii) had blood sample
assay results that were available for antibodies against
>1 tested antigen at 1 month postbooster, and (iv) were not
administered an unanticipated vaccine before the postbooster
blood sample was taken.

The ATP cohort for antibody persistence at Year 10 included
subjects who (i) received the primary vaccination, (ii) had avail-
able assay results for >1 antigen tested at Year 10, (iii) did not
receive a meningococcal vaccine not specified by the protocol
before Year 10, (iv) did not have a history of meningococcal
disease before Year 10, (v) complied with the defined blood
sampling intervals, (vi) did not have immunocompromising
medical conditions, (vii) did not receive immune-modifying
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drugs or investigational vaccines during the study period, and
(viii) were not excluded from the ATP cohort for immunogeni-
city in the primary study or the preceding ATP persistence
cohorts unless for noncompliance with sampling timeframes or
lack of available immunogenicity results at previous time points.

Postbooster immunogenicity analysis

Analysis of postbooster immunogenicity was based on the boost-
er ATP cohort. At each blood sampling time point (ie, before
and 1 month after booster vaccination), the percentages of sub-
jects with an rSBA response or with titers/concentrations above
cutoffs were calculated for each serogroup with 95% Cls. Exact
2-sided CIs were based on the observed percentage of subjects
using the Clopper-Pearson method. For GMTs/GMCs, 95% Cls
were calculated as back transformations of Cls based on the
Student ¢ distributions for the mean logarithm of the titers. No
adjustments were made for multiplicity. Exploratory compari-
sons for differences between study groups in booster response
1 month after vaccination were also performed, with 2-sided
95% ClIs calculated using the Miettinen-Nurminen method.

Safety analysis

The primary safety analysis was performed after booster dosing
using the booster total vaccinated cohort. Safety results are pre-
sented as the percentage of subjects with >1 reported AE during
the 4-day follow-up period. AEs were coded according to the
Medical Dictionary for Regulatory Activities (MedDRA) for
adverse reaction terminology.

Results
Subject disposition

Of 229 subjects enrolled in this extension study, 169 and
58 subjects in the MenACWY-TT and MenACWY-PS groups,
respectively, completed the booster phase (1 subject withdrew
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Table 1. Subject demographics in the MenACWY-TT booster phase (booster total
vaccinated cohort).

Primary Primary

Demographic MenACWY-TT MenACWY-PS
Total enrolled, n 170 59
Total completed visits, n 169 58
Sex, n (%)

Male 90 (52.9) 36 (61.0)

Female 80 (47.1) 23 (39.0)
Age at enrollment, y

Mean (SD) 24.2 (1.9) 24.0 (2.0)

Median (range) 24.0 (21-27) 24.0 (21-28)
Race, n (%)

Asian/Southeast Asian 170 (100) 59 (100)
Time since last vaccination at each visit

Primary (Visit 1), weeks, mean (SD) 530.2 (8.3) 531.5 (9.2)

Booster (Visit 2), weeks, mean (SD) 4.8 (0.6) 4.7 (0.4)

MenACWY-PS = quadrivalent meningococcal polysaccharide vaccine; MenACWY-TT =
quadrivalent meningococcal tetanus toxoid conjugate vaccine; SD = standard
deviation.

from each group; Table 1). The mean (SD) ages of subjects
enrolled in the MenACWY-TT and MenACWY-PS groups
were 24.2 (1.9) and 24.0 (2.0) years, respectively. Overall,
52.9% of subjects enrolled in the MenACWY-TT group and
61.0% in the MenACWY-PS group were male. All subjects
were of Asian or Southeast Asian race.

Booster response

Among MenACWY-TT recipients, 81.5% to 95.7% had rSBA
booster responses against each serogroup 1 month after vac-
cination (Figure 1). Among MenACWY-PS recipients, rSBA
responses were 66.7% to 94.1% across serogroups. Exploratory
analyses revealed similar percentages of MenACWY-TT and
MenACWY-PS recipients had a booster response to
sero-groups A, W, and Y, whereas more MenACWY-TT
than MenACWY-PS recipients had a booster response to
serogroup C (88.3% vs 66.7%).

Serogroup A Serogroup C

O MenACWY-TT 1 month postbooster

Serogroup W Serogroup Y
B MenACWY-PS 1 month postbooster

Figure 1. Percentages of subjects with booster responses for serogroups A, C, W, and Y at 1 month after booster dose of MenACWY-TT (booster ATP cohort).
ATP = according-to-protocol; MenACWY-PS = quadrivalent meningococcal polysaccharide vaccine; MenACWY-TT = quadrivalent meningococcal tetanus toxoid

conjugate vaccine.
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Figure 2. Percentages of subjects with rSBA titers (A) >1:8 and (B) >=1:128 at Year 10 (before booster) and at 1 month after a booster dose of MenACWY-TT (booster
ATP cohort). ATP = according-to-protocol; MenACWY-PS = quadrivalent meningococcal polysaccharide vaccine; MenACWY-TT = quadrivalent meningococcal tetanus
toxoid conjugate vaccine; rSBA = serum bactericidal antibody assay using baby rabbit complement.

For the MenACWY-TT and MenACWY-PS groups, the
MenACWY-TT booster dose respectively elicited rSBA titers
>1:8 in 100% and >98.0% of subjects across all serogroups
(Figure 2a); 100% and >96.1% of all subjects had titers >1:128
(Figure 2b). For all serogroups, rSBA GMTs at 1 month after the
booster dose were higher than before the booster dose (Table 2).
For the MenACWY-TT and MenACWY-PS groups, 98.8% and
96.1% of subjects, respectively, had anti-TT concentrations
>0.1 IU/mL at 1 month after the booster dose (Table 3).

Long-term persistence of primary dose (year 10)

At Visit 1 (Year 10), responses in the ATP cohort for persis-
tence ranged from 71.8% to 90.8% and 65.0% to 85.3% for

rSBA titers >1:8 and >1:128, respectively, across all serogroups
among subjects who had received MenACWY-TT primary
vaccination, whereas corresponding percentages ranged from
41.5% to 83.0% and 24.5% to 77.4% for MenACWY-PS recip-
ients. These percentages were similar for prebooster rSBA
titers >1:8 and >1:128 at Year 10 in the booster ATP cohort,
which ranged from 71.6% to 90.7% and 64.8% to 85.2%
(MenACWY-TT) for all serogroups, respectively, and 43.1%
to 82.4% and 25.5% to 76.5% (MenACWY-PS; Figure 2a,b).
The rSBA GMTs across serogroups in the ATP cohort for
persistence were higher in the MenACWY-TT group than in
the MenACWY-PS group at Year 10, with GMTs ranging
from 146.0 to 446.9 in the MenACWY-TT group and 15.6
to 182.2 for the MenACWY-PS group. Similar results were



1276 (%) B.QUIAMBAO ET AL.

Table 2. GMTs for serogroups A, C, W, and Y before and 1 month after a booster dose of

MenACWY-TT (booster ATP cohort).

N Prebooster GMT (95% Cl)

1 Month Postbooster GMT (95% Cl)

Serogroup A
MenACWY-TT 162
MenACWY-PS 51

Serogroup C
MenACWY-TT 162
MenACWY-PS 51

Serogroup W
MenACWY-TT 162
MenACWY-PS 51

Serogroup Y
MenACWY-TT 162
MenACWY-PS 51

248.4 (181.4-340.2)
142.7 (80.5-252.9)

244.2 (181.6-328.5)
177.4 (86.1-365.3)

145.5 (97.6-217.1)
16.4 (9.2-29.4)

446.5 (332.7-599.1)
329 (17.1-63.3)

3760.1 (3268.3-4325.9)
2956.0 (2040.5-4282.1)

8697.7 (7391.2-10,235.1)
3879.3 (2714.6-5543.7)

11,243.4 (9366.8-13,496.0)
3674.0 (2353.9-5734.4)

7584.8 (6748.4-8524.7)
3295.5 (1998.7-5433.7)

ATP = according to protocol; GMT = geometric mean titer; MenACWY-PS = quadrivalent
meningococcal polysaccharide vaccine; MenACWY-TT = quadrivalent meningococcal tetanus

toxoid conjugate vaccine.

Table 3. Percentage of subjects with anti-tetanus toxoid concentrations >0.1 IU/mL and =1.0 1U/mL
and GMCs before and 1 month after booster dose of MenACWY-TT (booster ATP cohort).

Prebooster

1 Month Postbooster

MenACWY-TT
>0.1 IU/mL, n/N (%; 95% Cl)
>1.0 IU/mL, n/N (%; 95% Cl)
GMC (95% CI)

MenACWY-PS
>0.1 IU/mL, n/N (%; 95% Cl)
>1.0 IU/mL, n/N (%; 95% Cl)
GMC (95% CI)

140/162 (86.4; 80.2-91.3)
62/162 (38.3; 30.8-46.2)
0.608 (0.476-0.775)

28/51 (54.9; 40.3-68.9)
14/51 (27.5; 15.9-41.7)
0.252 (0.154-0.411)

160/162 (98.8; 95.6-99.9)
149/162 (92.0; 86.7-95.7)
5.057 (4.274-5.984)

49/51 (96.1; 86.5-99.5)
42/51 (82.4; 69.1-91.6)
5.115 (3.073-8.514)

ATP = according to protocol; GMC = geometric mean concentration; MenACWY-PS = quadrivalent
meningococcal polysaccharide vaccine; MenACWY-TT = quadrivalent meningococcal tetanus toxoid
conjugate vaccine; N = number of subjects; n = number of subjects in a given category.

observed in the booster ATP cohort (Table 2). Furthermore,
both the GMC and the percentage of subjects in the booster
ATP cohort with anti-TT concentrations >0.1 IU/mL or
21.0 IU/mL were higher in the MenACWY-TT group than
in the MenACWY-PS group at Year 10 (Table 3).

Safety

No new safety signals were observed during the booster
phase. Solicited and unsolicited AEs were reported by 80
subjects (47.1%) in the MenACWY-TT group and 27 sub-
jects (45.8%) in the MenACWY-PS group in the 4-day per-
iod after booster vaccination. Grade 3 (ie, severe) solicited
and unsolicited AEs were reported by 3 subjects (1.8%) in
the MenACWY-TT group and in 0 subjects in the
MenACWY-PS group in the 4-day period after booster vac-
cination (Figure 3). Pain and headache were the most
reported solicited local and general AEs, respectively, in the
4-day period after booster vaccination. No SAEs, NOClIs, or
cases of GBS were reported after booster vaccination during
the study period. No subjects reported SAEs, including
meningococcal disease, between the last primary study visit
and the beginning of the current study.

Discussion

In this study, MenACWY-TT booster vaccination 10 years
after primary MenACWY-TT or MenACWY-PS vaccination
in adolescents elicited a robust immune response in all sub-
jects across all serogroups. Exploratory comparisons showed

a similar percentage of MenACWY-TT and MenACWY-PS
recipients had a booster response to serogroups A, W, and Y,
whereas a larger percentage of MenACWY-TT subjects had
a booster response to serogroup C. This finding is in contrast
to that from the primary vaccination study, which found
significantly higher postvaccination rSBA GMTs against all
serogroups after MenACWY-TT versus MenACWY-PS
vaccination.'” Reasons underlying this difference remain
unclear, but one possibility is that the differences may reflect
subjects’ exposure to serogroup C over the 10 years after the
primary dose, although the current study did not specifically
investigate this possibility.

Some retrospective studies suggest that persistence of anti-
body responses diminishes within 3 to 5 years after vaccination
with the meningococcal conjugate vaccines MenACWY-D
(Menactra®, Sanofi Pasteur Inc, Swiftwater, PA, USA) and
MenACWY-CRM (Menveo®, GlaxoSmithKline Vaccines,
Sovicille, Italy).>® Other long-term follow-up studies of primary
vaccination with MenACWY conjugate vaccines suggest that the
antibody responses persist up to 5 years after the first dose in
adolescents and young adults."*'* However, few studies exam-
ined the antibody responses to primary vaccination with menin-
gococcal conjugate vaccines over a longer period. In this study,
we found that functional antibody responses persisted up to
10 years after primary MenACWY-TT and MenACWY-PS vac-
cinations. In general, a larger percentage of subjects who
received MenACWY-TT for primary vaccination showed long-
term persistence compared with those who received
MenACWY-PS. The current study results are consistent with
those of other reports regarding long-term antibody persistence
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Figure 3. Percentages of subjects reporting solicited local and general events during 4-day follow-up to booster vaccination (booster total vaccinated cohort).
Intensity scale (mild, moderate, or severe) was classified by grade 1, 2, or 3, respectively, for pain, fatigue, Gl event, and headache; and 0-<20 mm, >20-<50 mm, or
>50 mm for redness and swelling. Gl = gastrointestinal; MenACWY-PS = quadrivalent meningococcal polysaccharide vaccine; MenACWY-TT = quadrivalent
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for MenACWY-TT up to 10 years from primary vaccination in
adolescents and adults.”

Evidence suggests that the type of meningococcal vaccine
used for primary vaccination may influence the subsequent
immune response to meningococcal conjugate vaccine boost-
ers if administered within 10 years of each other.'®"
Individuals primed with polysaccharide meningococcal vac-
cines seem to have less robust immune responses to booster
vaccination with meningococcal conjugate vaccines compared
with those who are initially primed with the conjugate
vaccine.'”'! In our study, no clinically relevant differences
in antibody responses were apparent after the booster vacci-
nation between subjects who initially received MenACWY-TT
or MenACWY-PS. Thus, whether the booster response poten-
tially benefits from priming with a conjugate vaccine remains
unclear. Additional data are needed to answer this question.

No new safety signals with MenACWY-TT vaccination
were observed in this study. The most commonly reported
local and general solicited AEs after booster vaccination were
pain and headache, respectively, and no SAEs were reported
through Year 10. These results are consistent with those of the
primary study, which also found pain at the injection site to
be the most common local reaction, occurring at similar rates
between MenACWY-TT and MenACWY-PS recipients.

This study has important implications for improving long-
term vaccine protection in adolescents and young adults.
Because adolescents and young adults have the highest menin-
gococcal carriage rates among age-based populations, they are
an important target group for meningococcal vaccination to
reduce transmission; IMD also peaks in this age group.”"**
Our study results showed long-term antibody persistence up

to 10 years after the primary MenACWY-TT vaccination in this
age group, suggesting that vaccination in adolescents and young
adults may offer protection against this peak in disease inci-
dence and ultimately reduce carriage rates among these individ-
uals. Further, our study demonstrates most participants will be
protected against infection after a booster MenACWY-TT vac-
cination across all serogroups, regardless of primary meningo-
coccal vaccination received (Figure 2; 98%-100% of subjects
had rSBA titers >1:8 postbooster vs 43.1%-90.7% prebooster),
suggesting a booster vaccination program could further lower
the burden of IMD.

Strengths of our study are that it assessed long-term immu-
nogenicity for up to 10 years after primary vaccination with
either MenACWY-TT or MenACWY-PS and that a high per-
centage of subjects returned for the long-term persistence eval-
uation. However, a limitation of the study was the small sample
size and generalizability of the results to other populations may
be limited because a single study population from the
Philippines was used. In addition, as previously described,"*
changes to the rSBA assay methodology 3 years after the pri-
mary study limit direct comparisons between the immunogeni-
city results presented here and those of earlier time points.

Conclusions

A booster dose of MenACWY-TT elicited robust immune
responses and was well tolerated. Functional antibody responses
persisted after primary MenACWY-TT vaccination up to
10 years. These results in adolescents and young adults provide
important insights for optimizing the long-term protection
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from primary meningococcal vaccination and recognizing the
benefits of booster dosing for those who are at high risk of IMD.
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