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Abstract

Background: Non-typeable Haemophilus influenzae (NTHi) and Moraxella catarrhalis (Mcat) infections are frequently
associated with exacerbations of chronic obstructive pulmonary disease (COPD). Results were reported with a two-
dose (0-2 months) schedule of an investigational ASO1¢-adjuvanted NTHi-Mcat vaccine containing three surface
proteins from NTHi and one from Mcat. We evaluated the safety and immunogenicity of three NTHi-Mcat vaccine
doses administered in two different schedules to adults with a smoking history (> 10 pack-years), immunologically
representing the COPD population.

Methods: In this 18-month, randomised (1:1), observer-blind study with 6-month open follow-up, 200 healthy adults
aged 40-80 years received NTHi-Mcat vaccine at 0-2-6 months and placebo at 12 months (0-2—-6 group), or vac-
cine at 0-2-12 months and placebo at 6 months (0-2-12 group). Solicited and unsolicited adverse events (AEs) were
recorded for 7 and 30 days, respectively, post-vaccination, and potential immune-mediated diseases (pIMDs) and
serious AEs (SAEs) throughout the study. Immune responses were assessed.

Results: No safety concerns were identified with the third vaccine dose or overall. Most solicited AEs were mild/mod-
erate. Unsolicited AEs were reported in 16%, 16.1% and 14.4% of participants in the 0-2-6 group post-dose 1,2 and 3,
respectively, and 20%, 20.4% and 9.7%, respectively, in the 0-2—12 group. In 24 months, SAEs were reported in 12 par-
ticipants in the 0-2-6 group and 9 in the 0-2-12 group (18 events in each group). There were three deaths (unknown
cause, 0-2-6 group; myocardial infarction, lung cancer in 0-2-12 group). pIMDs were reported in three participants

in the 0-2-6 group (non-serious inflammatory bowel disease, gout, psoriasis) and three in the 0-2-12 group (serious
ulcerative colitis, two with non-serious gout). The SAEs, deaths and pIMDs were considered not causally related to
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than baseline.

observed after the third vaccine dose.

Immunogenicity, Safety

vaccination. Antigen-specific antibody concentrations were higher at 12 months post-dose 1 with the 0-2-6 sched-
ule than with the 0-2-12 schedule and at 12 months post-dose 3 were similar between schedules, remaining higher

Conclusions: No safety concerns were identified when the investigational NTHi-Mcat vaccine was administered via a
0-2-6 months or 0-2—12 months schedule to older adults with a smoking history. Persistent immune responses were

Trial registration https://clinicaltrials.gov/; NCT03443427, registered February 23, 2018.
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Background

Chronic obstructive pulmonary disease (COPD) is a syn-
drome with increasing prevalence worldwide [1] that
results from numerous interacting factors, with smok-
ing the strongest inciting feature [2, 3]. Acute exacerba-
tions of COPD (AECOPD) are a major cause of hospital
admission and readmission and can have severe negative
impacts for patients with COPD, including higher mor-
tality rates, shorter long-term survival and poorer quality
of life when compared to those without readmissions [4].

There is increasing evidence that the lung microbiome
plays a key role in AECOPD [5]. Non-typeable Haemo-
philus influenzae (NTHi) and Moraxella catarrhalis
(Mcat) are bacterial pathogens that are frequently asso-
ciated with AECOPD [6-9] and their presence in spu-
tum samples in stable COPD is associated with a higher
risk of a subsequent Hi- or Mcat-associated exacerba-
tion compared with earlier absence [10]. Moreover, there
is evidence that chronic NTHi infection fuels airway
inflammation [11] and that NTHi and Mcat act as co-
pathogens in COPD [12-14].

An investigational adjuvanted multi-component vac-
cine was developed to reduce the frequency of AECOPD,
containing four conserved surface proteins involved
in the virulence mechanisms of NTHi and Mcat: three
from NTHi, a free recombinant protein D (PD) and a
recombinant fusion protein combining protein E and
Pilin A (PE-PilA), and the fourth from Mcat, ubiqui-
tous surface protein A2 (UspA2) [15]. A phase 1 study
of the NTHi-Mcat vaccine showed no safety concerns
and antigen-specific immune responses in adults given
two doses 60 days apart [15]. Similar findings were pre-
viously reported in studies of a vaccine containing only
the NTHi components [16]. Adults aged 18-40 years
were recruited, followed by older adults who were cur-
rent or former smokers to immunologically represent the
COPD population [15, 16], given evidence that smoking
can alter the immune system before COPD is recognised
[17-19].

In the assessment of the NTHi vaccine, formulations
that included the Adjuvant System ASO1; [20] produced
the highest humoral and cellular immune responses in
older adults [16]. ASO1 -adjuvanted NTHi-Mcat vaccine
formulations were therefore administered to older adults
with a smoking history in the phase 1 study [15]. The for-
mulation containing 10 pg PD, 10 pg PE-PilA and 3.3 pg
UspA2 administered as two doses, 60 days apart, induced
the best humoral response against the tested antigens
and was evaluated in a subsequent randomised, observer-
blind, placebo-controlled phase 2b trial, in patients with
moderate to very severe COPD [21]. Again, there were
no safety concerns with the NTHi-Mcat vaccine and vac-
cination was immunogenic. However, there was no evi-
dence of efficacy in reducing the yearly rate of moderate/
severe exacerbations, although there was some sugges-
tion of a reduced frequency of severe exacerbations and
related hospitalisations following vaccination [21].

The present study evaluated the safety of administer-
ing three doses of the NTHi-Mcat vaccine to older adults
with a history of smoking, with the first two doses given
60 days apart and the third given 6 or 12 months after
the first. The persistence of immune responses against
each NTHi and Mcat antigen over 24 months was also
assessed.

Figure 1 summarises the clinical relevance of this study
for the COPD population.

Methods

Study design and participants

This phase 2, randomised, observer-blind study was con-
ducted in eight centres in three countries (Canada, Ger-
many and the UK) between March 2018 and September
2020 (ClinicalTrials.gov identifier: NCT03443427). The
observer-blind study, which lasted 18 months (vaccina-
tion phase), was followed by a 6-month open follow-up
period (Fig. 2). A study summary is available at www.gsk-
studyregister.com (study identifier, 207759).


http://www.gsk-studyregister.com
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Plain Language Summary

of hospital admission and readmission.
associated with these exacerbations.

NTHi and Mcat.

. Chronic obstructive pulmonary disease (COPD) is a chronic condition particularly frequent among
smokers, where the airflow to lungs is obstructed, making it difficult to breathe.

= Acute exacerbations of COPD consist of worsening of the respiratory symptoms and are a major cause

= Non-typeable Haemophilus influenzae (NTHi) and Moraxella catarrhalis (Mcat) are two bacteria frequently

= A vaccine has been developed to reduce the frequency of exacerbations in COPD patients by targeting

. In previous studies, the vaccine showed to be safe and to be able to elicit antibodies against NTHi and
Mcat (immune response) when administered in adults as two doses, 60 days apart.

the immune response.

. We found that:

\ .

. In this study, we determined whether a third dose of the vaccine is safe when the first two doses are
given 60 days apart and the third one is given 6 or 12 months after the first one. We also investigated

= The study recruited 200 women and men aged 40 to 80 years old with a history of smoking. The
immunologic profile of this population resembles that of COPD patients.

« there were no safety concerns with a third dose of vaccine. Most reactions were mild or moderate,
and all resolved within a week after vaccination,

» nobody withdrew from the study because of a vaccine side effect; no serious medical events were
considered to be caused by the vaccine, and

the third vaccine dose induced persistent immune responses. /

\

.

What is the impact? N\

= Combined with results from other research studies, these findings help improve our understanding of
expected responses to the vaccine targeting NTHi and Mcat.

Fig. 1 Plain language summary

Adults aged 40-80 years with a smoking history of at
least 10 pack-years were administered four intramuscu-
lar injections: three injections of the ASOlg-adjuvanted
NTHi-Mcat vaccine containing 10 pg of each NTHi
antigen (PD and PE-PilA) and 3.3 pg of the Mcat antigen
(UspA2) and one injection of placebo (saline solution).
The vaccine antigens were described previously [15, 16].
ASO1; is an adjuvant system containing 3-O-desacyl-
4’-monophosphoryl lipid A (MPL), Quillaja saponaria

Molina, fraction 21 (QS-21; licensed by GSK from Anti-
genics LLC, a wholly owned subsidiary of Agenus Inc., a
Delaware USA corporation) and liposome (25 ug MPL
and 25 pg QS-21) [20]. All study inclusion and exclu-
sion criteria are provided in the online supplementary
methods.

Participants were randomly assigned (1:1 ratio) to
one of two study groups. One group received three
doses of NTHi-Mcat vaccine at Days 1, 61 and 181,
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Fig. 2 Study design. CMI, cell-mediated immunity; D, study day; M, study month; N, number of participants; Mcat, Moraxella catarrhalis; NTHi,
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and a placebo injection at Day 361 (0-2-6 months
schedule; 0-2-6 group) and the second group received
two doses of NTHi-Mcat vaccine at Days 1 and 61, a
placebo injection at Day 181, and a third NTHi-Mcat
vaccine dose at Day 361 (0-2-12 months schedule;
0-2-12 group) (Fig. 2). Randomisation of supplies
was performed at GSK using MATerial Excellence
(MATEX), a program developed by GSK for use with
Statistical Analysis Systems software (SAS; Cary, NC,
USA). Participants were allocated to a study group
at each site via a central randomisation system. Due
to differences in the appearance of the study vaccine
and the placebo formulation for the third and fourth
injections, and because the vaccine was prepared and
reconstituted on site, the study was conducted in an
observer-blind manner, i.e. formulation recipients and
those responsible for the evaluation of any study end-
point were unaware of whether a third vaccine dose
or placebo was administered, and each formulation
was prepared and administered by authorised medical
personnel who did not participate in any of the study’s
clinical evaluations.

The primary objective of the study was to assess
the safety and reactogenicity of the investigational
NTHi-Mcat vaccine administered in a 0-2-6 or
0-2-12 months schedule and secondary objectives
were to evaluate the vaccine’s long-term safety and its
humoral and cellular immunogenicity. The study was
conducted in accordance with the Declaration of Hel-
sinki and Good Clinical Practice. The protocols and
associated documents were reviewed and approved

by the ethics committee of each participating centre.
All participants provided written informed consent
before study entry.

Safety and reactogenicity

Solicited local (pain, redness and swelling at the injec-
tion site) and general (fatigue, gastrointestinal symp-
toms, headache, myalgia, chills and fever) adverse
events (AEs) were recorded for 7 days after each injec-
tion and unsolicited AEs for 30 days after each injec-
tion on diary cards. In addition, all participants were
contacted by telephone 7 days after each injection
and any safety concerns during the previous 7 days
were recorded in the electronic case report form. AE
intensity was graded on a 0-3 scale. Grade 3 (severe)
intensity was defined as redness or swelling of diam-
eter > 100 mm, temperature > 39.0 °C and, for all other
AEs, prevention of normal activities. Data on poten-
tial immune-mediated diseases (pIMDs) [22], serious
AEs (SAEs) and AEs leading to withdrawal were col-
lected throughout the 24-month study.

Humoral and cellularimmunogenicity

Blood samples were collected for the assessment of
humoral immunogenicity before the first, third and
fourth injections (Days 1, 181 and 361), 30 days after
the second, third and fourth injections (Days 91, 211
and 391) and 18 and 24 months after the first injec-
tion (Days 541 and 721) (Fig. 2). Immunoglobulin G
antibody levels to each vaccine antigen were measured
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Fig. 3 Disposition of the study participants and reasons for withdrawal. N, number of participants; AE, adverse event; SAE, serious adverse event
(considered not causally related to study vaccination). 0-2-6 group was given vaccine at 0-2-6 months and placebo at 12 months; 0-2-12 group
was given vaccine at 0-2-12 months and placebo at 6 months

by enzyme-linked immunosorbent assay (ELISA),
developed and qualified by GSK. Sera were stored at
— 20 °C or below until assayed. Standardised proce-
dures and in-house-made reference serum were used
for each assay. The assay cut-off (lower limit of quan-
tification) was 153 ELISA units (EU)/mL, 16 EU/mL,
8 EU/mL and 28 EU/mL for anti-PD, anti-PE, anti-
PilA and anti-UspA2, respectively.

This humoral immune response evaluation was com-
plemented with an investigation of cell-mediated immu-
nity (CMI), specifically, antigen-specific T cells. The CMI
subset was selected from sites able to process blood sam-
ples according to GSK procedures for peripheral blood
mononuclear cell preparation. Blood samples for CMI
analysis were taken before the first, third and fourth

injections and 30 days after the second, third and fourth
injections (Fig. 2) in a subset of participants (around
20 per group). CMI responses (antigen-specific CD4"
and CD8" T cells) were measured by flow cytometry
using intracellular cytokine staining on peripheral blood
mononuclear cells, following an adaptation of previously
described methods [23]. The gating strategy for meas-
uring antigen-specific T cells is described in the online
supplementary methods (Additional file 1: Fig. S1). No
CD8™ T cell response was observed. Numbers of antigen-
specific CD4" T cells expressing, upon stimulation, at
least two different markers among CD40 ligand (CD40L),
interleukin (IL)-2, tumour necrosis factor (TNF)-q, inter-
feron (IFN)-y, IL-13 and IL-17 were calculated.



Galgani et al. Respiratory Research (2022) 23:114

Table 1 Characteristics of the study participants at enrolment
(total vaccinated cohort)

Characteristic 0-2-6 schedule 0-2-12 schedule

(N=100) (N=100)

Age (years) at dose 1, mean (SD) 584 (10.3) 598 (10.1)
Age range, n (%)

18-64 years 68 (68.0) 65 (65.0)

65-84 years 32 (32.0) 35(35.0)
Female sex, n (%) 46 (46.0) 43 (43.0)
Race, n (%)

White 100 (100) 99 (99.0)

Native American/Alaska native 0 1(1.0)
Smoking status, n (%)

Current smoker 66 (66.0) 54 (54.0)

Former smoker 34 (34.0) 46 (46.0)
Pack-years, mean (SD) 36.7(17.2) 325(16.8)

N, number of participants; n, number of participants in a specific category; SD,
standard deviation. 0-2-6 schedule, group given vaccine at 0-2-6 months and
placebo at 12 months; 0-2-12 schedule, group given vaccine at 0-2-12 months
and placebo at 6 months

Statistical analysis

A sample size of 100 participants in each group allowed a
two-sided 95% confidence interval (CI) with width equal
to 0.165, calculated using the Clopper—Pearson CI for-
mula [24], assuming that 20% of participants would expe-
rience at least one grade 3 symptom following a third
vaccine dose. With this sample size, the probability of
observing at least one serious or severe event with inci-
dence of 1.5% was 95%.

The safety analysis was performed on the total vacci-
nated cohort, including all vaccinated participants. The
incidence of AEs per study group was calculated with
exact 95% Cls on all safety data after each injection up
to 18 months after the first vaccine dose and on all safety
data derived from the 6-month follow-up period ending
24 months after the first vaccine dose.

The immunogenicity analysis was performed on the
per-protocol immunogenicity cohort, including eligi-
ble adults who received the study vaccine as specified
in the protocol and complied with study procedures
and for whom post-vaccination immunogenicity results
were available for at least one antigen. Antibody geo-
metric mean concentrations (GMCs) were determined
with 95% Cls. Post-dose 1 GMCs were calculated using
an ANCOVA model including pre-dose 1 antibody con-
centration as covariate and treatment, country, age cat-
egory and smoking status as factors, while pre-dose 1
GMCs were calculated via an ANOVA including treat-
ment, country, age category and smoking status as fac-
tors. Geometric mean ratios (GMRs) with 95% CIs were
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calculated to describe the change in antibody concentra-
tion at a specific time point with respect to the antibody
concentration at an earlier time point (‘baselines; i.e.
pre-dose 1, pre-dose 3 and pre-dose 4). GMRs were cal-
culated using an ANOVA on the log,, ratio between anti-
body concentrations at specific time points and previous
log,, antibody concentrations at an earlier time point,
with treatment, country, age category and smoking status
as factors. Descriptive statistics were used to summarise
the frequency, by study group, of specific CD4" T cells
expressing at least two cytokine markers.

The primary endpoint was related to safety and planned
to be descriptive only (i.e. no treatment comparison with
regards to safety was planned). No alpha adjustment for
multiple testing of the secondary endpoints (immuno-
genicity) was performed; ClIs and differences between
schedules should be interpreted with caution.

The statistical analyses were performed using SAS
within the Life Science Analytics Framework system ver-
sion 9.4.

Results

Study population

Two hundred adults with a smoking history were
enrolled and received at least one dose of the NTHi-Mcat
vaccine; 90 participants in the 0-2—6 group and 93 in the
0-2-12 group received three doses. A total of 187 par-
ticipants completed the 18-month vaccination phase;
reasons for withdrawal are shown in Fig. 3. During the
6-month follow-up, 10 participants withdrew because a
primary care site closed for research. Baseline character-
istics of the participants were comparable between the
groups (Table 1).

Safety and reactogenicity

The percentage of participants in the 0-2-6 group
reporting a solicited local AE during the 7-day post-
injection period was 67%, 78.3% and 77.5% after the first,
second and third vaccine doses, respectively, and 10.7%
after the placebo injection at Month 12. In the 0-2-12
group, the percentage reporting a solicited local AE was
69%, 73.2% and 79.6% after the first, second and third
vaccine doses, respectively, and 4.1% after the placebo
injection at Month 6. Pain was the most frequent solic-
ited local AE overall, reported by 89% of participants in
the 0—2-6 group and 92% of participants in the 0-2-12
group, and the most frequent solicited local AE after
each vaccine dose (Fig. 4). Most solicited local AEs were
mild or moderate (Fig. 4). Grade 3 pain was reported
by 20% of participants in the 0-2—-6 group (2%, 14.1%
and 13.5% after vaccine dose 1, 2 and 3, respectively; no
reports after placebo) and 9% of the 0-2—12 group (1%,
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Fig. 4 Percentages of participants (with exact 95% confidence intervals) reporting solicited local (pain, redness and swelling) and general (fatigue,
gastrointestinal symptoms, headache, myalgia, chills and fever) adverse events (any intensity and grade 3 intensity) during the 7-day period after
each injection and overall per participant (total vaccinated cohort). Injections 1 and 2, vaccine doses in both groups; injection 3, vaccine dose in
0-2-6 group, placebo in 0-2-12 group; injection 4, placebo in 0-2-6 group, vaccine dose in 0-2-12 group. Gl (gastrointestinal) symptoms defined
as nausea, vomiting, diarrhoea and/or abdominal pain. Fever defined as temperature > 37.5 °C. Grade 3 intensity defined as redness or swelling of
diameter> 100 mm, temperature > 39 °C and, for all other adverse events, prevention of normal activities. Number of participants: 100, 92, 89 and
84 post-injection 1, 2, 3 and 4, respectively, for 0-2-6 group; 100, 97, 97, 93, respectively, for 0-2-12 group

3.1% and 8.6% after vaccine dose 1, 2 and 3, respectively;
no reports after placebo). All grade 3 solicited local AEs
resolved within 5 days.

In the 0-2-6 group, 37%, 41.3% and 39.3% of partici-
pants reported a solicited general AE within 7 days after
vaccine dose 1, 2 and 3, respectively, and 14.3% reported
a solicited general AE after the placebo injection. In the
0-2-12 group, the percentage of participants report-
ing solicited general AEs was 35%, 47.4% and 53.8% after
vaccine dose 1, 2 and 3, respectively, and 20.6% after pla-
cebo. The most frequent solicited general AE was fatigue

overall (reported by 44% of participants in 0—2—-6 group
and 50% in 0-2-12 group) and after each NTHi-Mcat
dose, apart from post-dose 1 in the 0-2-12 group (fatigue
and myalgia each reported by 16% of participants) and
post-dose 3 in the 0-2-6 group (headache, reported by
27% of participants) (Fig. 4). Most solicited general AEs
were mild or moderate (Fig. 4). Overall, the most fre-
quently reported grade 3 solicited general AEs were
fatigue (reported by 13% and 5% of participants in 0-2—6
group and 0-2-12 group, respectively) and myalgia (13%
and 5%, respectively). After the third NTHi-Mcat vaccine
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Table 2 Percentage of participants reporting unsolicited adverse events (AEs) during the 30-day period after each injection given via
the 0-2-6 months schedule (vaccine doses at 0-2-6 months and placebo at 12 months) and the 0-2-12 months schedule (vaccine
doses at 0-2—12 months and placebo at 6 months) (total vaccinated cohort)

Percentage of participants (95% Cl)

0-2-6 schedule (N=100)

0-2-12 schedule (N=100)

At least one unsolicited AE (overall) 38.0(28.5-48.3) 40.0 (30.3-50.3)
Related to vaccination 7.0(2.9-13.9) 7.0(2.9-13.9)
Grade 3 intensity 50(.6-11.3) 9.0 (4.2-16.4)
Grade 3 and related to vaccination 1.0(0.0-54) 3.0(0.6-85)

At least one unsolicited AE (by injection)

First injection at 0 months 16.0 (9.4-24.7) 20.0(12.7-29.2)
Second injection at 2 months 16.1 (9.3-25.2) 204 (12.9-29.7)
Third injection at 6 months 144 (7.9-234) 3(5.8-194)
Fourth injection at 12 months 8.2(34-16.2) 9.7 (45-17.6)

Unsolicited AEs reported in > 4% of participants in at least one

group
Nasopharyngitis 6.0 (2.2-126) 6.0 (2.2-126)
Back pain 20(0.2-7.0) 4.0(1.1-9.9)
Hypertension 0 4.0(1.1-9.9)

N, number of participants; 95% Cl, 95% confidence interval

dose, the percentage of participants reporting grade
3 fatigue was 4.5% in the 0-2-6 group and 5.4% in the
0-2-12 group. Grade 3 myalgia was reported by 6.7% of
participants in the 0-2—6 group and 5.4% in the 0-2-12
group after the third vaccine dose. There were no reports
of grade 3 fever (temperature > 39 °C). All grade 3 solic-
ited general AEs resolved within 6 days.

At least one unsolicited AE was reported within
30 days of any injection in 38% of participants in the
0-2-6 group and 40% of participants in the 0-2-12
group (Table 2). The most frequently reported unsolic-
ited AE was nasopharyngitis in both groups (Table 2).
After each vaccine dose, unsolicited AEs were reported
in 16%, 16.1% and 14.4% of participants in the 0-2-6
group post-dose 1, 2 and 3, respectively, and 20%, 20.4%
and 9.7%, respectively, in the 0-2-12 group. After
the placebo injection, unsolicited AEs were reported
in 8.2% of the 0-2-6 group and 11.3% of the 0-2-12
group. Unsolicited AEs considered to be causally
related to vaccination were reported in 7% of partici-
pants in both groups (11 reports in 0—2—6 group and 7
in 0-2-12 group); no unsolicited AE category (Medi-
cal Dictionary for Regulatory Activities preferred term)
was reported more than once. Grade 3 unsolicited
AEs considered causally related to vaccination were
reported in one participant in the 0-2—6 group (ear
discomfort and limb discomfort post-dose 3) and three
participants in the 0-2-12 group (injection site pruri-
tus and peripheral swelling post-dose 2, injection site
pruritis post-dose 3).

During the entire study, including the 6-month fol-
low-up period, at least one SAE was reported in 12 par-
ticipants (12%) in the 0-2-6 group and 9 (9%) in the
0-2-12 group (18 events in each group), none of which
was assessed as causally related to study vaccination.
Two of the SAEs (hemiparesis and pneumonia aspira-
tion) were reported in two participants in the 6-month
follow-up period (0-2-12 group). There was one death
with unknown cause (participant collapsed and could not
be resuscitated; cause of death unknown) that occurred
in the 0-2—6 group 506 days after the first vaccine dose.
There were two deaths in the 0-2-12 group, one due to
myocardial infarction (239 days after first dose) and the
other due to metastatic lung cancer (symptoms from
64 days after first dose). Two other events led to with-
drawal from the study: lung cancer in one participant in
the 0—2-6 group and breast cancer in one participant in
the 0-2-12 group.

Seven pIMD occurrences were reported in six par-
ticipants. In the 0-2-6 group, two non-serious psoria-
sis episodes were reported in a participant 5 and 15 days
post-dose 1, and there was one report of non-serious
gout 20 days post-dose 1 and one report of non-serious
inflammatory bowel disease 192 days post-dose 3. In
the 0-2-12 group, non-serious gout was reported in
two participants 31 and 32 days after the placebo injec-
tion and one participant reported serious ulcerative
colitis 159 days post-dose 1. By the end of the study, all
pIMD events were resolving or had resolved, apart from
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the case of psoriasis. None of the deaths, withdrawals or
pIMD cases were considered related to study vaccination.

Immunogenicity

At baseline, antibody GMCs for each NTHi antigen were
negligible, while the antibody GMC for Mcat UspA2
was 682.4 EU/mL in the 0-2—-6 group and 544.9 EU/mL
in the 0-2-12 group (Fig. 5). Antibody GMCs against
each vaccine antigen peaked 1 month after two vaccine
doses, declined up until the third vaccine dose time point
and peaked again 1 month after the third vaccine dose
in both groups (Fig. 5). Antibody GMCs at 12 months
post-dose 1 were higher in the 0—2-6 group than in the
0-2-12 group for all antigens. Antibody GMCs 6 months

post-dose 3 (Month 12 with 0-2—-6 schedule and Month
18 with 0-2-12 schedule) and 12 months post-dose 3
(Month 18 and Month 24, respectively) were similar
between groups (Fig. 5). At Month 24 (18 months post-
dose 3 for 0—-2—6 schedule and 12 months post-dose 3
for 0—2-12 schedule), antibody GMCs remained above
baseline for all antigens in both groups (Fig. 5) and 93.5%
to 100% of participants in both groups had seropositive
antibody concentrations for each antigen (Additional
file 1: Table S1).

Figure 6 presents the GMRs of antibody concentra-
tion at each time point after the third vaccine dose versus
concentration at baseline or immediately before the third
dose. These confirm the immunogenicity of the third
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NTHi-Mcat vaccine dose and the persistence of immune
responses against each antigen. At the end of the study
(18 and 12 months post-dose 3 with 0-2—6 and 0-2-12
schedule, respectively), GMRs for NTHi antigens PD, PE
and PilA were at least 7.7 and the GMR for Mcat UspA2
was 1.3 in both groups (Fig. 6).

Evaluation of the frequency of antigen-specific CD4" T
cells expressing at least two markers among CD40L, IL-2,
TNEF-a, IEN-y, IL-13 and IL-17 did not show any specific
trend during the study following each vaccine dose with
either schedule (Fig. 7). CD4" T cell responses were vari-
able but higher than baseline at all time points for each
antigen with both schedules. Pronounced IL-13 expres-
sion was not detected (Additional file 1: Fig. S2).

Discussion
This is the first study in which a three-dose schedule of
the investigational NTHi-Mcat vaccine was assessed in
adults. No safety concerns were identified when a third
vaccine dose was given to older adults with a smoking
history. This is consistent with the safety of the two-dose
NTHi-Mcat vaccine schedule administered to smokers
or ex-smokers of similar age [15] or patients with COPD
[21]. This is also in line with the safety profile of the vac-
cine containing only the NTHi component in older
smokers/ex-smokers [16] and in patients with COPD
[25].

Incidences of solicited local AEs were similar following
each vaccine dose and also similar between groups. The
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frequency of solicited general AEs after the third vaccine
dose was higher in the 0-2-12 group (53.8%) than in the
0-2-6 group (39.3%) and was also higher in the 0-2-12
group after the second vaccine dose (47.4% versus 41.3%
in 0-2-6 group). The percentage of participants report-
ing grade 3 solicited AEs was higher in the 0-2—6 group
than in the 0-2-12 group after the second vaccine dose
(22.8% versus 5.2%, respectively) and overall (32% and
16%, respectively). However, the sample size was small,
and the study was not powered to make formal compari-
sons between the two groups. Most solicited AEs were
mild or moderate and grade 3 events were transient,
resolving within 6 days. After the single placebo injec-
tion, frequencies of individual solicited AEs, apart from
fever, were generally lower than after each vaccine dose,
which may be related to more intense activation of the
innate immune response by AS-adjuvanted vaccines [16,
26].

A similar percentage of participants reported unsolic-
ited AEs within 30 days of vaccination with each sched-
ule. After the third vaccine dose, unsolicited AEs were
reported in 14.4% of the 0-2—6 group and 9.7% of the

0-2-12 group, which was in line with percentages fol-
lowing the placebo injection (8.2% in 0-2—6 group and
11.3% in 0—-2-12 group). Unsolicited AEs causally related
to vaccination were non-serious and were reported in 7%
of participants in each group. Five of the related events
were grade 3, two in the 0—2-6 group and three in the
0-2-12 group. In the entire study period of 24 months,
18 SAEs were reported in each group. There were three
deaths: one with unknown cause in the 0-2-6 group
and two (myocardial infarction and lung cancer) in the
0-2-12 group. Six participants reported pIMDs (three
in 0-2-6 group and three in 0—2-12 group). None of the
SAEs, deaths or pIMDs were assessed as causally related
to vaccination.

Humoral immune responses against the NTHi antigens
following the first and second vaccine doses in the pre-
sent study displayed patterns similar to those observed
previously with two doses of NTHi-Mcat vaccine or
NTHi vaccine [15, 16, 21, 25]. After the third NTHi-Mcat
vaccine dose, there was another peak in antibody GMC
for each NTHi antigen and specific immune responses
persisted with both schedules.
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Specific immune responses were also observed
against the Mcat antigen and, although not as strong as
against the NTHi antigens, anti-UspA2 antibody con-
centrations remained above baseline in both groups
for the duration of the study. The difference in strength
of immune response may be due to the relatively high
level of anti-UspA2 antibodies before vaccination, as
also reported in another NTHi-Mcat vaccine study
[15]. The CMI results must be interpreted with caution
due to the small number of participants included in this
investigation. Antigen-specific CMI responses showed
high variability, as previously reported [15], with no
specific trend following each vaccine dose with both
schedules, although CD4" T cell responses were higher
than baseline at all time points for each antigen.

As already highlighted, this study is limited by its
small sample size. Also, the primary safety endpoint
was descriptive only and there was no alpha adjustment
for multiple testing of the secondary endpoints. How-
ever, this was regarded as acceptable since this was the
first study to assess the safety of a three-dose schedule
of the investigational vaccine.

Conclusions

This phase 2 study evaluated the safety and immuno-
genicity of a three-dose schedule of the investigational
NTHi-Mcat vaccine in older adults with a smoking his-
tory. No safety concerns were identified when a third
dose was administered 6 or 12 months after the first.
Each NTHi-Mcat vaccine dose was immunogenic and
persistent immune responses were observed after the
third dose for both vaccine schedules.
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