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Background. Neisseria meningitidis serogroup B (MnB) is a leading cause of invasive meningococcal disease in
adolescents and young adults. A recombinant factor H binding protein (fHBP) vaccine (Trumenba®; bivalent
rLP2086) was recently approved in the United States in individuals aged 10-25 years. Inmunogenicity and
safety of 2- or 3-dose schedules of bivalent rLP2086 were assessed in adolescents.

Methods. Healthy adolescents (11 to <19 years) were randomized to 1 of 5 bivalent rLP2086 dosing regimens
(0,1,6-month; 0,2,6-month; 0,2-month; 0,4-month; 0,6-month). Inmunogenicity was assessed by serum
bactericidal antibody assay using human complement (hSBA). Safety assessments included local and systemic
reactions and adverse events.

Results. Bivalent rLP2086 was immunogenic when administered as 2 or 3 doses; the most robust hSBA
responses occurred with 3 doses. The proportion of subjects with hSBA titers >1:8 after 3 doses ranged from
91.7% to 95.0%, 98.9% to 99.4%, 88.4% to 89.0%, and 86.1% to 88.5% for MnB test strains expressing
vaccine-heterologous fHBP variants A22, A56, B24, and B44, respectively. After 2 doses, responses ranged from
90.8% to 93.5%, 98.4% to 100%, 69.1% to 81.1%, and 70.1% to 77.5%. Geometric mean titers (GMTs)
were highest among subjects receiving 3 doses and similar between the 2- and 3-dose regimens. After 2 doses,
GMTs trended numerically higher among subjects with longer intervals between the first and second dose

(6 months vs 2 and 4 months). Bivalent rLP2086 was well tolerated.

Conclusions. Bivalent rLP2086 was immunogenic and well tolerated when administered in 2 or 3 doses.
Three doses yielded the most robust hSBA response rates against MnB strains expressing vaccine-heterologous
subfamily B fHBPs.
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Neisseria meningitidis serogroup B (MnB) causes most
meningococcal disease in Europe and approximately one
third of cases in the United States [1, 2]. MnB infection is
more common among adolescents and young adults than
the general adult population [2]. MnB polysaccharide vac-
cines are poorly immunogenic, likely due to cross-reacting
epitopes of MnB capsular polysaccharide with polysialic
acid structures on human neuronal cells [3]. Vaccines pro-
duced from MnB outer membrane vesicles have shown

clinical efficacy in children older than 4 years, against
MnB strains bearing antigens homologous to those in
the vaccine, but not against strains expressing antigens
heterologous to the vaccine [4-6]. Therefore, alternative
approaches based on conserved MnB protein antigens
have been pursued to provide protection against diverse
strains causing endemic and epidemic invasive MnB
disease. A recombinant, multicomponent MnB vaccine
(Bexsero, Novartis Vaccines, Siena, Italy) has been licensed

Journal of the Pediatric Infectious Diseases Society, Vol. 5, No. 2, pp. 152-60, 2016. DOI:10.1093/jpids/piv039

© The Author 2015. Published by Oxford University Press on behalf of the Pediatric Infectious Diseases Society.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


https://core.ac.uk/display/250145133?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by/4.0/

in the European Union, Canada, Australia [7-9], and, more
recently, in the United States [10]. Another multicomponent
vaccine candidate, bivalent rLP2086 (Trumenba®), was re-
cently approved in the United States to prevent invasive me-
ningococcal disease caused by MnB in individuals 10 to 25
years of age [11]. The target antigen for this vaccine,
LP2086, was identified using a combined biochemical and
functional immunologic screening approach [12].

LP2086 is a bacterial, surface-exposed virulence factor
that binds human factor H, also known as factor H binding
protein (fHBP) [13]. In a comprehensive survey of 1837
MnB strains isolated from patients with invasive disease
in the United States and Europe, the LP2086 gene was
present in all isolates [14], although in rare cases, invasive
disease-causing MnB strains may lack a functional LP2086
gene [15].LP2086 protein sequences can be grouped into 2
genetically and immunologically distinct subfamilies, des-
ignated A (30% of isolates) and B (70% of isolates) [14].
The bivalent vaccine contains recombinant lipidated pro-
teins from each LP2086 subfamily (bivalent rLP2086),
because this formulation was shown to be most effective at
inducing broadly protective serum bactericidal antibodies.
In phase 1 and 2 studies, immune sera elicited by bivalent
rLP2086 demonstrated bacterial killing activity, measured
in serum bactericidal assays using human complement
(hSBAs), against diverse MnB strains bearing fHBP vari-
ants of both subfamilies and heterologous in sequence to
those in the vaccine [16-19]. For immunogenicity evalua-
tions, 4 MnB test strains were selected to reflect the epide-
miology, breadth, and global distribution of MnB strains.
Each hSBA test strain expresses an fHBP variant that is dif-
ferent from vaccine components, thus allowing an objec-
tive assessment of functional and protective bactericidal
immune responses against invasive disease-associated
strains in circulation [20].

This study evaluated the immunogenicity, tolerability,
and safety of bivalent rLP2086 administered in 3-dose or
2-dose regimens in healthy adolescents aged 11 to <19
years at enrollment. The immune response measured by
hSBA was evaluated 1 month after dose 2 or 3 and included
the percentage of subjects achieving hSBA titers >1:8, a
more conservative indicator of potential seroprotection
than the recognized correlate of protection, an hSBA
titer >1:4 [21, 22]. Safety assessments included the
incidence of local reactions, systemic events, and adverse
events (AEs).

METHODS

Study Participants and Design

This phase 2, multicenter, randomized, single-blind study
was conducted between March 3, 2011 and August 30,
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2013, in healthy adolescents 11 to <19 years of age from
the Czech Republic, Denmark, Finland, Germany,
Poland, Spain, and Sweden. Subjects were judged healthy
by the investigator and agreed to practice an effective
form of contraception. Key exclusion criteria were previous
vaccination with any MnB vaccine; previous anaphylactic
reaction to any vaccine or vaccine-related component; his-
tory of culture-proven N meningitidis or Neisseria gonor-
rhoeae disease; pregnancy or nursing; current chronic use
of systemic antibiotics; bleeding diathesis or condition
that would contraindicate intramuscular injection;
known or suspected disease of the immune system or re-
ceipt of immunosuppressive therapy; any neuroinflamma-
tory or autoimmune condition; and receipt of any blood
products, including immunoglobulin, within 6 months be-
fore the first study vaccination.

Subjects were randomized 3:3:3:2:1 corresponding to a
0,1,6-month, 0,2,6-month, 0,6-month, 0,2-month, and
0,4-month bivalent rLP2086 dosing schedule, respectively
(groups 1-5) (Table 1; Figure 1). The unequal randomiza-
tion schedule reflects the comparisons of interest for this
study. The first 3 groups (randomized 3:3:3) were assigned
to meet the hypothesis testing objectives; the remaining 2
groups (randomized 2:1) were descriptive and were used
to explore different rLP2086 dosing schedules. Subjects
were randomized using an interactive voice- or web-based
response system. Enrollment was stratified by age (11 to
<14 and 14 to <19 years) to ensure that all ages were ade-
quately represented in the study. Each subject received
4 study injections, with administration of 2 or 3 doses of
bivalent rLP2086 according to the aforementioned dosing
schedule; saline was administered when bivalent rLP2086
was not scheduled. Participants were blinded to their
assigned dose regimen. All laboratory staff were blinded
to subject, visit, and treatment (ie, randomization group),
but investigators and sponsor knew the allocation of sub-
jects throughout the study. This study was conducted in
accordance with the Declaration of Helsinki [23] and the
International Conference on Harmonisation Guidelines
for Good Clinical Practice [24] (ClinicalTrials.gov:
NCT01299480).

Vaccine and Placebo

Subjects received 1 intramuscular dose of bivalent
rLP2086 or saline in the upper deltoid muscle. Each
0.5-mL dose of bivalent rLP2086 contained 60 pg each
of rLP2086 A (A05) and B (B0O1) subfamily proteins pro-
duced in Escherichia coli and formulated with aluminum
phosphate in an isotonic buffer in prefilled syringes.
Saline (0.9% sodium chloride) was administered as a
0.5-mL dose.
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Table 1. Study Design

Visit 1* Visit 2 Visit 3% Visit 4* Visit 5 Visit 6* Visit 7
(Month 0) (Month 1) (Month 2) (Month 3) (Month 6) (Month 7) (Month 12)

rLP2086, mo  Injection 1  Injection2  Injection 3  Blood Draw Only  Injection4  Blood Draw Only  Telephone Contact Only
0,1,6 rLP2086 rLP2086 Saline rLP2086

0,2,6 rLP2086 Saline rLP2086 rLP2086

0,2 rLP2086 Saline rLP2086 Saline

0,4 Saline Saline rLP2086 rLP2086

0,6 rLP2086 Saline Saline rLP2086

Abbreviations: fHBP, factor H binding protein; hSBA, serum bactericidal assay using human complement; rLP2086, bivalent rLP2086 vaccine.

*Blood draw at visits 1, 3, 4, and 6 for hSBA performed with strains expressing fHBP variants A22, A56, B24, and B44.

| Screened: 1714 I

Y

Y

Y

Not randomized
Saline: 1 (0.1%)

)

v

a

v

v

Eligible and 0,1,6mo 0,2,6mo 0,6mo 0,2 mo 0,4 mo
randomized* (Group 1):427 (Group 2): 430 (Group 3): 427 (Group 4): 286 (Group 5): 143
Withdrawn
i 102%) | [ 103% | :ﬁm?m
y y h 4 A4 A
[1njection 1 | | 427(100%) | | 430(100%) | 426(008%) | | 285000.7%) | | 143(100%) |
[injection2 | | 408 ese%) | | 407 ca7%) [ s05(048%) | | 2s10013%) | | 13a(037%) |
[injection3 | [ sss@orw) | [ 392 e1.2%) | ss2s05%) | | 2s00006%) | | 125(87.4%) |
[injection4 | | 386(004%) | [ 396 (92.1%) [ ss7006%) | [ 262(016%) | | 124(867%) |
Withdrawn
<« 42098%) | [ 35@1% | [ 4004% | |{ 23@0% | [ 19(133%) |;’n‘;;'c'}?m
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Ce Lnbonrd h 4 A 4 Yy A 4 Y
Study | 38s002%) | [ 395(01.9%) | | 38s(04%) | | 261(913%) | | 123(86%) |

Figure 1. Subject disposition. *Values in this row used as denominators for percentages.

Immunogenicity Assessments

Blood samples for hSBA were obtained at 0, 2, 3, and 7
months (Table 1). Functional bactericidal antibodies were
assessed against 4 MnB test strains expressing fHBP vari-
ants that are heterologous in sequence compared with the
vaccine components; 2 strains express fHBP subfamily A
variants (A22 and A56), and 2 strains express fHBP sub-
family B variants (B24 and B44). The fHBP variants repre-
sent 4 of the 6 major fHBP variant subgroups that account
for >90% of invasive meningococcal disease isolates circu-
lating in the United States and Europe combined [20]. As
an indication of the diversity of these 4 MnB test strains,
the multilocus sequence type clonal complex (ie, the genetic
background) of each strain represents 1 of the 4 most

prevalent clonal complexes in circulating invasive MnB
strains (Table 2) [20]. Each of these 4 MnB test strains
have detectable fHBP surface expression levels representa-
tive of their respective fHBP variant group, as measured in
a flow cytometry assay adapted from McNeil et al [25]
using the anti-fHBP broadly cross-reactive monoclonal an-
tibody MN86-994-11-1.

The primary immunogenicity endpoints were the pro-
portion of subjects receiving 3 doses of bivalent rLP2086
(vaccination at 0, 1, 6 and 0, 2, 6 months) who achieved
hSBA titer >1:8 for each of the 4 MnB test strains 1
month after the third dose of bivalent rLP2086. An hSBA
titer >1:8 is a more conservative indicator of seroprotec-
tion than a titer >1:4, which is the recognized correlate
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Table 2. Genotypic Characteristics of N meningitidis serogroup B Test Strains

Strain ID fHBP Variant (fHBP Peptide ID?) Homology,” % fHBP Subgroup ST Clonal Complex PorA Subtype
PMB2001 A56 (187) 98.1 N1C2 cc213 P1.22,14
PMB2707 B44 (15) 91.6 N4/NS5 cc269 P1.19-1,10-4
PMBS80 A22 (19) 88.9 N2C2 cc41/44 P1.21,16
PMB2948 B24 (1) 86.2 N6 cc32 P1.12-1,13-1

Abbreviations: fHBP, factor H binding protein; ID, identification; ST, sequence type.

*fHBP peptide ID is from http:/pubmlst.org/neisseria/fHbp/.

Amino acid identity to the fHBP subfamily matched vaccine component: A0S for the strains expressing fHBP subfamily A variants, or BO1 for the strains expressing
fHBP subfamily B variants. Within fHBP subfamily, the percentage amino acid identity is >83%.

of protection against meningococcal disease [21, 22] and
addresses the ability of the hSBA to determine precisely
and accurately a positive from a negative seroresponse.
The hypothesis-testing secondary endpoint was the pro-
portion of subjects receiving 2 doses of bivalent rLP2086
at 0,6 months who achieved hSBA titer >1:8 for each of
the 4 MnB test strains 1 month after the second dose of bi-
valent rLP2086. Other secondary immunogenicity end-
points included assessment of geometric mean titers
(GMTs) for each of the 4 MnB test strains and the propor-
tion of responders with hSBA titers >1:8 for all groups at
each sampling point. Responses after 1 dose of bivalent
rLP2086 were only available for the 0,4-month dosing
group.

Safety Assessments

Subjects were observed for >20 minutes (or longer per
local practice) after vaccination for immediate reactions,
which were documented as AEs. Reactogenicity data
were collected by electronic diary (e-diary) for 7 days
after each injection and included solicited local reactions
and systemic events and use of antipyretic medications.
Injection-site redness and swelling were measured by sub-
jects using calipers provided, and measurements were sub-
sequently graded as mild, moderate, or severe as defined
prospectively by study protocol. Injection-site pain and sys-
temic symptoms of headache, fatigue, chills, vomiting,
diarrhea, muscle pain, and joint pain were graded by the
subjects as mild, moderate, or severe. Temperature was
measured at bedtime; fever was defined as temperature
>38.0°C (100.4°F). Only the highest fever measurement
recorded among measurements taken during any single
24-hour period was reported. Unsolicited AEs were collect-
ed from signing of informed consent through 1 month after
the last injection (bivalent rLP2086 or saline). Serious AEs
(SAEs) were collected throughout the study.

Statistical Analysis

The evaluable immunogenicity population included sub-
jects who received all doses of bivalent rLP2086 as ran-
domized, had no major protocol violation or use of
prohibited vaccines, had blood drawn before dose 1 and
1 month after the last dose of bivalent rLP2086, and had

a valid and determinate assay result for the proposed anal-
ysis. The safety population included all participants who
received at least 1 injection (bivalent rLP2086 or saline)
and had any safety data available.

Immunogenicity endpoints, defined as the proportion of
subjects responding with an hSBA titer >1:8, were summa-
rized along with the exact 2-sided 95% confidence interval
([CI] or Clopper-Pearson confidence limit) for the propor-
tion; the exact CI for the proportion was computed using
the F distribution. The response rates in subjects receiving 3
versus 2 doses of bivalent rLP2086 were compared with
50% at a significance level of 1.25%, using a 1-sided
exact test based on binomial distribution. GMTs were
computed with 2-sided 95% ClIs.

RESULTS

Subjects

A total of 1714 subjects were enrolled and 1713 were ran-
domized; 1 subject received saline without randomization
and withdrew from the study (Figure 1). A total of 1712
subjects received at least 1 dose of bivalent rLP2086 or sa-
line, and 1550 (90.5%) completed the study. Most subjects
were white (99.0%) and non-Hispanic (98.5%). At the
time of first injection, 63.4% of subjects were 14-18
years of age; mean age of the total population was 14.4
years (Table 3). Demographic characteristics were similar
across dosing regimens.

Immunogenicity

A total of 1450 subjects comprised the evaluable immuno-
genicity population. One month after dose 3, the propor-
tion of subjects with hSBA titers >1:8 after 3 doses of
bivalent rLP2086 administered at 0,1,6 months was
91.7%, 99.4%, 89.0%, and 88.5% for MnB test strains
expressing vaccine-heterologous fHBP variants A22,
A56, B24, and B44, respectively. For subjects vaccinated
at 0,2,6 months, 95.0%, 98.9%, 88.4%, and 86.1% had
hSBA titers >1:8 (Figure 2). There were no significant dif-
ferences in immunogenicity among subjects who received
bivalent rLP2086 on the 0,1,6-month and 0,2,6-month
schedules.

155


http://pubmlst.org/neisseria/fHbp/
http://pubmlst.org/neisseria/fHbp/
http://pubmlst.org/neisseria/fHbp/

156

Vesikari et al

Table 3. Demographics, Safety Population

Bivalent rLP2086 Dosing Schedule

0,1,6 mo 0,2,6 mo 0,6 mo 0,2 mo 0,4 mo Total
n=426 n=414 n=451 n=277 n=144 N=1712
Sex, n (%)
Female 212 (50) 217 (52) 227 (50) 135 (49) 79 (55) 870 (51)
Male 214 (50) 197 (48) 224 (50) 142 (51) 65 (45) 842 (49)
Race, n (%)
White 423 (99) 408 (99) 448 (99) 272 (98) 144 (100) 1695 (99)
Age at first injection, y, n (%)
11 to <14 155 (36) 154 (37) 164 (36) 101 (37) 53 (37) 627 (37)
14 to <19 271 (64) 260 (63) 287 (64) 176 (64) 91 (63) 1085 (63)
Mean (SD) 14.4 (2.22) 14.4 (2.23) 14.4 (2.17) 14.4 (2.25) 14.3 (2.11) 14.4 (2.20)

Abbreviation: SD, standard deviation.
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Figure 2. Percentage of subjects with hSBA titers >1:8 against N meningitidis
serogroup B test strains A22, A56, B24, and B44 at baseline and 1 month after
injection with bivalent rLP2086 or saline. Errors shown are 95% confidence inter-
vals. hSBA, human serum bactericidal antibody assay using human complement.

For fHBP subfamily A strains, among those receiving 2
doses of bivalent rLP2086, >90% of subjects had hSBA ti-
ters >1:8 for A22 and >98% of subjects had hSBA titers
>1:8 for A56 1 month after the second dose. For fHBP

subfamily B strains, >69% of subjects had hSBA titers
>1:8 for B24 and >70% for B44 (Figure 2). The study de-
sign allowed assessment of hSBA responses at 1 month
after 1 dose of bivalent rLP2086 (0,4-month group only).
After the first dose, 55.9%, 67.6%, 56.9%, and 23.8%
of subjects had hSBA titers >1:8 for A22, A56, B24, and
B44, respectively. Prevaccination hSBA responses to all
4 MnB test strains were low, ranging from 5.2% (B44) to
28.1% (A22).

Postvaccination GMTs increased with each dose of biva-
lent rLP2086 and were highest among subjects receiving 3
doses of bivalent rLP2086. For subjects vaccinated at 0,1,6
months, GMTs 1 month after dose 3 were 55.1, 152.9,
29.1, and 40.3 for A22, A56, B24, and B44, respectively.
For subjects vaccinated at 0,2,6 months, GMTs were 56.3,
155.6, 25.6, and 35.0 (Figure 3). For fHBP subfamily A
strains, among subjects receiving 2 doses of bivalent
rLP2086, GMTs ranged from 37.1 to 48.4 for A22, and
104.9 to 125.6 for A56 one month after the second dose.
For the fHBP subfamily B strains, GMTs ranged from 14.7
to 20.6 for B24 and 17.8 to 22.5 for B44. After 2 doses of
bivalent rLP2086, GMTs trended numerically higher
among subjects with a longer interval between doses;
subjects with a 6-month interval between doses (0,6-
month group) had higher GMTs to all 4 MnB test strains
compared with subjects having a 4-month (0,4-month),
2-month (0,2- and 0,2,6-month), or 1-month (0,1,6-
month) interval between doses (Figure 3). After 1 dose
of bivalent rLP2086 (0,4-month group), GMTs were
16.0, 26.8, 12.6, and 6.8, respectively, for A22, A56,
B24, and B44.

Safety

The frequency of local reactions was higher after bivalent
rLP2086 administrations compared with saline; pain at
the injection site was the most common local reaction
(Figure 4). Across dosing schedules, most cases of pain
after bivalent rLP2086 and saline administration were
mild or moderate. Severe pain was reported by <9.9% of
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Figure 3. Geometric mean titers (GMTs) against N meningitidis serogroup B test
strains A22, A56, B24, and B44 at baseline and 1 month after injection with
bivalent rLP2086 or saline.

subjects who received bivalent rLP2086 and <0.3% sub-
jects who received saline, for each of the 4 injections.
Other common local reactions included redness and swell-
ing, which were mild or moderate in severity (Figure 4).
The mean duration of all local reactions after each dose
of bivalent rLP2086 was 2.1 to 3.2 days; 4 local reactions,
all of which were pain at the injection site, had a duration
greater than 14 days, but no subjects withdrew from the
study due to pain.

Across all injections, the most common systemic events
were headache and fatigue. The majority of systemic events
were mild or moderate in severity. Severe headache was re-
ported by <1.6% of subjects after either bivalent rLP2086
or saline. Severe fatigue was reported by <3.6% of subjects
after either injection (Figure 5). In total, 3 subjects with-
drew due to a systemic event.

Fever >38°C within 7 days of vaccination was infre-
quent, reported by 1.7%-4.3% and 1.5%-2.1% of

Bivalent rLP2086 in Adolescents

bivalent rLP2086 or saline recipients, respectively. Fever
>39°C was infrequent (<1% across groups). The median
duration of fever was 1 day after bivalent rLP2086 or saline
administration. Across all 4 injections, 13.6%-16.2% and
7.5%-9.1% of subjects used antipyretic medication after
bivalent rLP2086 and saline, respectively.

During the vaccination phase, 35.5%-37.5 % of subjects
reported >1 AE across the 5 dosing groups. Most events
were mild or moderate in severity. The most common AE
was nasopharyngitis (5.5% — 10.1%). Eleven subjects ex-
perienced severe AEs considered to be related to bivalent
rLP2086, including headache, injection-site pain, pyrexia,
vomiting, and injection-site swelling. Two subjects report-
ed SAEs considered to be related to bivalent rLP2086; 1
subject experienced vertigo, chills, and headache after
dose 3, and another experienced pyrexia and vomiting
after dose 1. Overall, there were no differences in the inci-
dence of SAEs between bivalent rLP2086 and saline recip-
ients or between the 3-dose and 2-dose schedules and no
increase in AEs with subsequent dosing. Nineteen subjects
(1.1%) withdrew due to an AE. Of these, 9 AEs were con-
sidered to be related to study vaccination and included
injection-site pain (n=4), headache (n=2), migraine,
fatigue, and vertigo (n = 1 each). No deaths were reported.

DISCUSSION

Meningococcal B infection can lead to severe and debilitat-
ing disease. Vaccination against non-B meningococcal
serogroups (ACWY) has proven efficacious in all age
groups, particularly in adolescents who are at high risk
for meningococcal disease [26]. The need for an effective
MnB vaccine is underscored by recent outbreaks on US
college campuses and by endemic infections worldwide
[27-29]. The low basal immunity to meningococcal B
strains in this study emphasizes the vulnerability of adoles-
cents to infection and disease caused by N meningitidis
serogroup B.

In this study, all § bivalent rLP2086 vaccination regi-
mens, regardless of schedule or frequency, were immuno-
genic and well tolerated in healthy adolescents. The
2-dose and 3-dose regimens elicited robust immune re-
sponses. Considering that hSBA titers >1:4 are an accepted
correlate for protection against invasive meningococcal
disease [21, 22] and that seroprotective responses in this
study were defined using more stringent criteria of hSBA ti-
ters >1:8, bivalent rLP2086 has demonstrated a substan-
tial and broad immune response after 2 doses and a more
robust response after 3 doses, when administered across a
range of dosing schedules. This study also allowed assess-
ment of hSBA responses after 1 dose of bivalent rLP2086.
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Figure 5. Systemic reactogenicity (recorded by electronic diary [e-diary]). Data have been aggregated across groups to show reactogenicity after each dose.
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After a single vaccination, increased seroprotective
responses compared with baseline against all MnB test
strains were observed.

Among recipients receiving 3 doses of bivalent rLP2086,
the timing of the second vaccination, whether 1 or 2
months after initial vaccination, had no discernable effect
on immunogenicity. Nonetheless, the ability to elicit robust
responses after 2 doses 1 month apart may be valuable dur-
ing outbreaks when timely protection is critical. Immune
responses after 2 doses of bivalent rLP2086 were substan-
tial and indicative of a broad immune response to the MnB
test strains that were selected to represent epidemiological-
ly and antigenically relevant invasive MnB strains.
Immunogenicity generally increased in the 2-dose sched-
ules when there was a longer interval between the first
and second dose, as seen by the higher GMTs and generally
higher proportion of subjects with hSBA titers >1:8 after
dose 2 in the 0,6-month dosing regimen compared with
the other dosing schedules. Similar observations were
described for quadrivalent human papillomavirus vaccina-
tion [30, 31]. In these studies, increasing the interval be-
tween doses 2 and 3 from 4 to 10 months resulted in
higher antibody titers against all 4 human papillomavirus
types examined.

Similar to other clinical studies of bivalent rLP2086 in
adolescents and adults [18,19,32,33], the majority of safe-
ty events observed in this study were local reactions and
systemic events that were mild or moderate in severity, tran-
sient, and without potentiation at subsequent dosing.
Approximately two thirds of subjects did not report any
AEs during the study. Overall, 90.6% of subjects were
able to complete their vaccination series, indicating that
vaccinations were well tolerated in adolescents and that
any safety events, such as injection-site pain, were not an
impediment to vaccination. Safety events were not in-
creased in subjects receiving a third dose of bivalent
rLP2086.

CONCLUSIONS

In summary, 2 or 3 doses of bivalent rLP2086 were immu-
nogenic and well tolerated. The 2-dose regimens provided
substantial hSBA responses against diverse MnB strains ex-
pressing fHBP variants heterologous to vaccine antigen.
However, the 3-dose regimens yielded the highest serocon-
version rates against subfamily B strains and a higher level
of hSBA antibodies as measured by GMTs. The conve-
nience of a 2-dose schedule and the potential benefit of
higher level of protective antibodies after a 3-dose schedule
should be carefully considered for future MnB immuniza-
tion schedules.

Bivalent rLP2086 in Adolescents

Acknowledgments

We thank all the parents and guardians of all participants and the
many investigators and study staff for their individual contributions
to this study. Deborah M. Campoli-Richards, BSPharm, RPh, and
Susan E. DeRocco, PhD (Complete Healthcare Communications,
Inc.) provided assistance in preparing and editing the manuscript.
The study was registered with ClinicalTrials.gov, number
NCT00657709.

Financial support. This study was funded by Pfizer Inc.

Potential conflicts of interest. T. V. received consulting fees and
support for meetings, travel, or accommodation expenses from
GlaxoSmithKline; and he is a consultant and speaker for Merck,
Sanofi Pasteur-Merck Sharp & Dohme (SPMSD), MedImmune,
Novartis, and Pfizer. J. D.-D. participated in advisory boards and
speaker bureaus for GlaxoSmithKline, SPMSD, and Pfizer, for
which payment is received; and he was a principal investigator in clin-
ical trials for GlaxoSmithKline and SPMSD. J. W. was the principal
investigator of clinical trials sponsored by GSK, Novartis, Wyeth,
and Pfizer; and he has received travel grants to participate in scientific
conferences and was paid for lectures. J. B., J.E., Q.J.,K. U.]J.,, T.R.].,
S.L.H.,R.E.O.,L.]J. Y., ]J. L. P, and G. C. are full-time employees of
Pfizer Inc. L. O. has served as a principal investigator for trials spon-
sored by Pfizer, GSK, and Sanofi-Pasteur MSD. C.-E. F. has been prin-
cipal investigator for clinical trials for GlaxoSmithKline, SPMSD,
Wyeth, Pfizer, SmithKline Beecham, and MSD.

All authors have submitted the ICMJE Form for Disclosure
of Potential Conflicts of Interest. Conflicts that the editors consider
relevant to the content of the manuscript have been disclosed.

References

1. EU-IBIS Network. Invasive Neisseria meningitidis in Europe
2006. Available at: http:/www.hpa-bioinformatics.org.uk/
euibis/documents/2006_meningo.pdf. Accessed 27 March 2015.

2. Centers for Disease Control and Prevention. Active Bacterial Core
Surveillance (Abcs) Report, Emerging Infections Program
Network, Neisseria meningitidis, 2011. Available at: http:/
www.cdc.gov/abes/reports-findings/survreports/mening11.pdf.
Accessed 19 August 2014.

3. Finne J, Leinonen M, Makela PH. Antigenic similarities between
brain components and bacteria causing meningitis. Implications
for vaccine development and pathogenesis. Lancet 1983; 2:355-7.

4. Tappero JW, Lagos R, Ballesteros AM, et al. Immunogenicity of 2
serogroup B outer-membrane protein meningococcal vaccines: a
randomized controlled trial in Chile. JAMA 1999; 281:1520-7.

5. Holst ], Feiring B, Naess LM, et al. The concept of “tailor-made”,
protein-based, outer membrane vesicle vaccines against meningo-
coccal disease. Vaccine 2005; 23:2202-5.

6. Martin DR, Ruijne N, McCallum L, et al. The VR2 epitope on the
PorA P1.7-2,4 protein is the major target for the immune response
elicited by the strain-specific group B meningococcal vaccine
MeNZB. Clin Vaccine Immunol 2006; 13:486-91.

7. Bexsero. Health Canada. Available at: http:/www.hc-sc.gc.ca/
dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_
bexsero_147275-eng.php. Accessed 19 August 2014.

8. European Medicines Agency. Bexsero. Available at: http:/www.
ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/
medicines/002333/human_med_001614.jsp&. Accessed 5
November 2014.

9. Australian Government Department of Health. Australian Public
Assessment Report for Multi-Component Meningococcal B
vaccine. Available at: http:/www.tga.gov.au/pdf/auspar/auspar-
meningococcal-131031.pdf. Accessed 19 August 2014.

159


http://www.hpa-bioinformatics.org.uk/euibis/documents/2006_meningo.pdf
http://www.hpa-bioinformatics.org.uk/euibis/documents/2006_meningo.pdf
http://www.hpa-bioinformatics.org.uk/euibis/documents/2006_meningo.pdf
http://www.hpa-bioinformatics.org.uk/euibis/documents/2006_meningo.pdf
http://www.hpa-bioinformatics.org.uk/euibis/documents/2006_meningo.pdf
http://www.cdc.gov/abcs/reports-findings/survreports/mening11.pdf
http://www.cdc.gov/abcs/reports-findings/survreports/mening11.pdf
http://www.cdc.gov/abcs/reports-findings/survreports/mening11.pdf
http://www.cdc.gov/abcs/reports-findings/survreports/mening11.pdf
http://www.cdc.gov/abcs/reports-findings/survreports/mening11.pdf
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_bexsero_147275-eng.php
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002333/human_med_001614.jsp&amp;
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002333/human_med_001614.jsp&amp;
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002333/human_med_001614.jsp&amp;
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002333/human_med_001614.jsp&amp;
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002333/human_med_001614.jsp&amp;
http://www.tga.gov.au/pdf/auspar/auspar-meningococcal-131031.pdf
http://www.tga.gov.au/pdf/auspar/auspar-meningococcal-131031.pdf
http://www.tga.gov.au/pdf/auspar/auspar-meningococcal-131031.pdf
http://www.tga.gov.au/pdf/auspar/auspar-meningococcal-131031.pdf
http://www.tga.gov.au/pdf/auspar/auspar-meningococcal-131031.pdf

160

Vesikari et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bexsero Full Prescribing Information. Cambridge, MA: Novartis
Vaccines and Diagnostics, Inc; 2015.

US Food and Drug Administration. First vaccine approved
by FDA to prevent serogroup B meningococcal disease.
Available at: http:/www.fda.gov/NewsEvents/Newsroom/Press
Announcements/ucm420998.htm. Accessed 29 October 2014.
Fletcher LD, Bernfield L, Barniak V, et al. Vaccine potential of the
Neisseria meningitidis 2086 lipoprotein. Infect Immun 2004; 72:
2088-100.

Madico G, Welsch JA, Lewis LA, et al. The meningococcal vac-
cine candidate GNA1870 binds the complement regulatory pro-
tein factor H and enhances serum resistance. ] Immunol 2006;
177:501-10.

Murphy E, Andrew L, Lee KL, et al. Sequence diversity of the
factor H binding protein vaccine candidate in epidemiologically
relevant strains of serogroup B Neisseria meningitidis. ] Infect
Dis 2009; 200:379-89.

Lucidarme J, Tan L, Exley RM, et al. Characterization of
Neisseria meningitidis isolates that do not express the virulence
factor and vaccine antigen factor H binding protein. Clin
Vaccine Immunol 2011; 18:1002-14.

Jiang HQ, Hoiseth SK, Harris SL, et al. Broad vaccine coverage
predicted for a bivalent recombinant factor H binding protein
based vaccine to prevent serogroup B meningococcal disease.
Vaccine 2010; 28:6086-93.

Nissen MD, Marshall HS, Richmond PC, et al. A randomized,
controlled, phase 1/2 trial of a Neisseria meningitidis serogroup
B bivalent rLP2086 vaccine in healthy children and adolescents.
Pediatr Infect Dis ] 2012; 32:364-71.

Richmond PC, Marshall HS, Nissen MD, et al. Safety, immuno-
genicity, and tolerability of meningococcal serogroup B bivalent
recombinant lipoprotein 2086 vaccine in healthy adolescents: a
randomised, single-blind, placebo-controlled, phase 2 trial.
Lancet Infect Dis 2012; 12:597-607.

Richmond PC, Nissen MD, Marshall HS, et al. A bivalent
Neisseria meningitidis recombinant lipidated factor H binding
protein vaccine in young adults: results of a randomised, con-
trolled, dose-escalation phase 1 trial. Vaccine 2012; 30:6163-74.
Zlotnick GW, Jones TR, Liberator P, et al. The discovery and de-
velopment of a novel vaccine to protect against Neisseria menin-
gitidis serogroup B disease. Hum Vaccin Immunother 2015; 11:
5-13.

Borrow R, Balmer P, Miller E. Meningococcal surrogates of
protection—serum bactericidal antibody activity. Vaccine 2005;
23:2222-7.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Frasch CE, Borrow R, Donnelly J. Bactericidal antibody is the im-
munologic surrogate of protection against meningococcal dis-
ease. Vaccine 2009; 27(Suppl 2):B112-6.

World Medical Association General Assembly. WMA
Declaration of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects. Available at: http:/www.
wma.net/en/30publications/10policies/b3/index.html. Accessed
13 August 2014.

International Conference on Harmonisation. ICH topic E6 guide-
line for good clinical practice. In: Step 5, consolidated guideline.
Available at: http:/www.ich.org/products/guidelines/efficacy/
article/efficacy-guidelines.html. Accessed 13 August 2014.
McNeil LK, Murphy E, Zhao X]J, et al. Detection of LP2086 on
the cell surface of Neisseria meningitidis and its accessibility in the
presence of serogroup B capsular polysaccharide. Vaccine 2009;
27:3417-21.

Cohn AC, MacNeil JR, Clark TA, et al. Prevention and control of
meningococcal disease: recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR
Recomm Rep 2013; 62:1-28.

Jafri RZ, Ali A, Messonnier NE, et al. Global epidemiology of
invasive meningococcal disease. Popul Health Metr 2013; 11:17.
Princeton University. Emergency Guidelines for Campus
Community: Meningitis Information. Princeton, NJ, 2013.
Santa Barbara County Public Health Department. 4th Confirmed
Case of Meningococcal Disease in Santa Barbara County. Available
at:  http:/studenthealth.sa.ucsb.edu/CMSMedia/Documents/
2013-12-02%20Meningococcal %20PR.pdf. Accessed 22
January 2014.

Zimmerman RK, Nowalk MP, Lin CJ, et al. Randomized trial of
an alternate human papillomavirus vaccine administration sched-
ule in college-aged women. ] Womens Health (Larchmt) 2010;
19:1441-7.

Lin CJ, Zimmerman RK, Nowalk MP, et al. Randomized
controlled trial of two dosing schedules for human papillomavi-
rus vaccination among college age males. Vaccine 2014; 32:
693-9.

Marshall HS, Richmond PC, Nissen MD, et al. A phase 2 open-
label safety and immunogenicity study of a meningococcal B
bivalent rLP2086 vaccine in healthy adults. Vaccine 2013; 31:
1569-75.

Sheldon E, Schwartz H, Jiang Q, et al. A phase 1, randomized,
open-label, active-controlled trial to assess the safety of a menin-
gococcal serogroup B bivalent rLP2086 vaccine in healthy adults.
Hum Vaccin Immunother 2012; 8:888-95.


http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm420998.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm420998.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm420998.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm420998.htm
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.ich.org/products/guidelines/efficacy/article/efficacy-guidelines.html
http://www.ich.org/products/guidelines/efficacy/article/efficacy-guidelines.html
http://www.ich.org/products/guidelines/efficacy/article/efficacy-guidelines.html
http://www.ich.org/products/guidelines/efficacy/article/efficacy-guidelines.html
http://www.ich.org/products/guidelines/efficacy/article/efficacy-guidelines.html
http://studenthealth.sa.ucsb.edu/CMSMedia/Documents/2013-12-02%20Meningococcal%20PR.pdf
http://studenthealth.sa.ucsb.edu/CMSMedia/Documents/2013-12-02%20Meningococcal%20PR.pdf
http://studenthealth.sa.ucsb.edu/CMSMedia/Documents/2013-12-02%20Meningococcal%20PR.pdf
http://studenthealth.sa.ucsb.edu/CMSMedia/Documents/2013-12-02%20Meningococcal%20PR.pdf
http://studenthealth.sa.ucsb.edu/CMSMedia/Documents/2013-12-02%20Meningococcal%20PR.pdf
http://studenthealth.sa.ucsb.edu/CMSMedia/Documents/2013-12-02%20Meningococcal%20PR.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


