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Background. The adjuvanted respiratory syncytial virus (RSV) prefusion F protein–based vaccine (RSVPreF3 OA) is approved 
in adults aged ≥60 years. We evaluated RSVPreF3 OA immunogenicity and safety in adults aged 50–59 years without or with 
increased risk for RSV disease due to specific chronic medical conditions.

Methods. This observer-blind, phase 3, noninferiority trial included adults aged 50–59 years, stratified into 2 subcohorts: those 
with and those without predefined, stable, chronic medical conditions leading to an increased risk for RSV disease. Participants in both 
subcohorts were randomized 2:1 to receive RSVPreF3 OA or placebo. A control group of adults aged ≥60 years received RSVPreF3 OA. 
Primary outcomes were RSV-A and RSV-B neutralization titers (geometric mean titer ratios and sero-response rate differences) 1 
month post-vaccination in 50–59-year-olds versus ≥60-year-olds. Cell-mediated immunity and safety were also assessed.

Results. The exposed population included 1152 participants aged 50–59 years and 381 participants aged ≥60 years. RSVPreF3 OA 
was immunologically noninferior in 50–59-year-olds versus ≥60-year-olds; noninferiority criteria were met for RSV-A and RSV-B 
neutralization titers in those with and those without increased risk for RSV disease. Frequencies of RSVPreF3-specific 
polyfunctional CD4+ T cells increased substantially from pre- to 1 month post-vaccination. Most solicited adverse events had 
mild-to-moderate intensity and were transient. Unsolicited and serious adverse event rates were similar in all groups.

Conclusions. RSVPreF3 OA was immunologically noninferior in 50–59-year-olds compared to ≥60-year-olds, in whom efficacy 
was previously demonstrated. The safety profile in 50–59-year-olds was consistent with that in ≥60-year-olds.
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Respiratory syncytial virus (RSV) is an important cause of acute 
respiratory illness. Older adults and individuals with certain 
underlying medical conditions (eg, chronic pulmonary and 
cardiovascular diseases, diabetes, and chronic renal and liver 
diseases) are at increased risk of severe outcomes for RSV 

infection compared to younger adults and those without these 
conditions [1–6].

To help reduce the RSV burden in older adults, an adju
vanted RSV prefusion F protein–based vaccine (RSVPreF3 
OA, Arexvy; GSK) was developed. This vaccine had an efficacy 
of 82.6% (96.95% confidence interval [CI]: 57.9–94.1%) against 
RSV-related lower respiratory tract disease [RSV-LRTD] and 
94.1% (95% CI: 62.4–99.9%) against severe RSV-LRTD over 
1 RSV season in individuals aged 60 years and older [7], and 
had sustained efficacy over 2 seasons [8]. High efficacy was 
also shown among those aged 60 years and older with 1 or 
more chronic conditions that increase the risk for RSV disease 
(94.6% [95% CI: 65.9–99.9%] against RSV-LRTD over 1 sea
son) [7, 9]. RSVPreF3 OA and another RSV prefusion 
F-based vaccine were the first 2 vaccines approved for the pre
vention of RSV-LRTD in those aged 60 years and older [10–13].
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Respiratory syncytial virus–associated illness also causes 
significant morbidity in adults younger than 60 years, especially 
in those with the aforementioned chronic medical conditions 
[1–4]. Individuals aged 50–59 years also report a substantial 
impact of RSV disease on the quality of life, including on 
productivity, social activities, and emotional and physical 
functioning [14, 15]. However, to date, no RSV vaccine has 
been studied or approved in 50–59-year-olds. We therefore 
evaluated the immunogenicity, reactogenicity, and safety of 
RSVPreF3 OA in adults aged 50–59 years, including those 
with chronic medical conditions leading to an increased risk 
for RSV disease. The study aimed to demonstrate noninferior
ity of the humoral immune response in this population com
pared to adults aged 60 years and older, the population for 
which RSVPreF3 OA efficacy has been demonstrated [7–9]. 
Figure 1 summarizes the study findings in plain language.

METHODS

Study Design, Participants, and Interventions

This ongoing randomized, placebo-controlled, phase 3 study 
(ClinicalTrials.gov: NCT05590403) takes place in 60 centers 
in 8 countries (Argentina, Canada, Germany, Japan, The 
Netherlands, Poland, Spain, and United States). The study in
cludes a cohort with 50–59-year-old participants and a control co
hort with participants aged 60 years and older. The cohort with 
50–59-year-olds was divided into an at-increased-risk (AIR) 
and a non-AIR subcohort. The AIR subcohort only included par
ticipants diagnosed with at least 1 predefined, stable, chronic med
ical condition recognized to increase the risk for RSV disease. 
These conditions were as follows: chronic pulmonary disease 
(eg, chronic obstructive pulmonary disease, asthma, cystic fibro
sis, lung fibrosis, restrictive lung disease, interstitial lung disease, 
emphysema, and bronchiectasis), chronic cardiovascular disease 
(ie, chronic heart failure, coronary artery disease, and cardiac ar
rhythmia), diabetes mellitus types 1 and 2, chronic renal disease, 
and chronic liver disease. The non-AIR subcohort excluded indi
viduals with these specific conditions but could include people 
with other stable, non-immunocompromising conditions (eg, hy
pertension, hypercholesterolemia, or hypothyroidism). Inclusion 
criteria for the cohort of those aged 60 years and older were 
aligned with those used in the phase 3 efficacy study [7]; partici
pants aged 60 years and older could have stable, non- 
immunocompromising, chronic conditions, including those de
scribed to increase the risk for RSV disease. A condition was con
sidered stable if there were no changes in treatment or severity in 
the 3 months before enrollment. Detailed eligibility criteria and 
enrollment rules are listed in the Supplementary Methods.

Participants in the non-AIR and AIR subcohorts of 
50–59-year-olds were randomized (2:1 in each subcohort) to 
receive 1 intramuscular dose of RSVPreF3 OA (50– 
59-non-AIR-RSV and 50–59-AIR-RSV groups) or placebo 

(50–59-non-AIR-placebo and 50–59-AIR-placebo groups) 
(Supplementary Methods). Participants in the cohort of partic
ipants aged 60 years and older were to receive 1 intramuscular 
RSVPreF3 OA dose (≥60-RSV group) (Figure 2). The study 
was observer-blind for the cohort of 50–59-year-olds until 
the analysis of the primary endpoints (after which it was single- 
blind); it was open-label for the cohort of participants aged 
60 years and older (Supplementary Methods).

Figure 1. Plain language summary.
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The study was conducted according to the ethical principles 
of the Declaration of Helsinki, Good Clinical Practice guide
lines, and applicable regulatory requirements. The protocol 
and amendment were approved by the relevant ethics commit
tees. A protocol summary is available on https://www.gsk- 
studyregister.com/en/trial-details/?id=219238. All participants 
provided written informed consent.

Objectives

The co-primary objectives were to demonstrate the noninfer
iority of the humoral immune response to RSVPreF3 OA in 
50–59-year-olds, both in the AIR and non-AIR subcohorts, 
compared to those aged 60 years and older for both RSV-A 
and RSV-B at 1 month post-vaccination. Secondary objectives 
included further characterizing the humoral immune response 
and evaluating cell-mediated immunity, reactogenicity, and 
safety of RSVPreF3 OA in both age cohorts.

Immunogenicity Assessments

Blood samples to assess the humoral immune response were to 
be collected from all participants on day 1 (pre-vaccination), 
day 31, month 6, and month 12 (Figure 2). Additional blood 
samples were to be collected from a subset of approximately 
350 participants (Supplementary Methods) at the same time 
points to assess cell-mediated immunity. We report results 
for the day 1 and day 31 time points.

Serum RSV-A and RSV-B neutralization titers were mea
sured using a neutralization assay and displayed in estimated 
dilution 60 (ED60) [7]. The frequencies of RSVPreF3-specific 

CD4+ and CD8+ T cells expressing CD40 ligand (CD40L), 
4-1BB, interleukin (IL)-2, tumor necrosis factor-α (TNF-α), 
interferon-γ (IFN-γ), IL-13, or IL-17 per million of CD4+ or 
CD8+ T cells were analyzed using flow cytometry after intracel
lular cytokine staining on peripheral blood mononuclear cells 
(Supplementary Methods).

Reactogenicity and Safety Assessments

Participants used paper diaries to record solicited 
administration-site and systemic adverse events (AEs) starting 
within 4 days and unsolicited AEs starting within 30 days post- 
vaccination. Serious AEs (SAEs) and potential immune- 
mediated diseases (pIMDs) (which were considered as AEs of 
special interest) were recorded until 6 months post-vaccination. 
The SAEs and pIMDs deemed to be related to vaccination by the 
investigator and fatal SAEs were to be recorded until 12 months 
post-vaccination (study end). Atrial fibrillation, while not con
sidered an identified risk associated with RSVPreF3 OA vacci
nation, was monitored as an AE of special interest using the 
aforementioned reporting periods, depending on if the cases 
were nonserious AEs, SAEs, or fatal/related SAEs.

The intensity of solicited and unsolicited AEs was graded on 
a scale from 1 (mild) to 3 (severe). Solicited AEs were all con
sidered as causally related to vaccination. For the other AEs, the 
investigators used available data/resources and their clinical 
judgment to assess causality.

Statistical Analyses

The study aimed to enroll approximately 1520 partici
pants: 380 each in the 50–59-non-AIR-RSV and 50–59- 

Figure 2. Study design. Abbreviations: 50–59-AIR-placebo, group of 50–59-year-old participants at increased risk for respiratory syncytial virus (RSV) disease who received 
placebo; 50–59-AIR-RSV, group of 50–59-year-old participants at increased risk for RSV disease who received RSV prefusion F protein–based vaccine (RSVPreF3 OA); 
50–59-non-AIR-placebo, group of 50–59-year-old participants without increased risk for RSV disease who received placebo; 50–59-non-AIR-RSV, group of 50–59-year-old 
participants without increased risk for RSV disease who received RSVPreF3 OA; ≥60-RSV, group of ≥60-year-old participants who received RSVPreF3 OA.
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Figure 3. Flow of participants. For eliminations from the per-protocol sets for immunogenicity, multiple reasons could apply for 1 participant; all reasons are listed in the 
figure. Abbreviations: (S)AE, (serious) adverse event; 50–59-AIR-placebo, group of 50–59-year-old participants at increased risk for respiratory syncytial virus (RSV) disease 
who received placebo; 50–59-AIR-RSV, group of 50–59-year-old participants at increased risk for RSV disease who received RSV prefusion F protein–based vaccine 
(RSVPreF3 OA); 50–59-non-AIR-placebo, group of 50–59-year-old participants without increased risk for RSV disease who received placebo; 50–59-non-AIR-RSV, group 
of 50–59-year-old participants without increased risk for RSV disease who received RSVPreF3 OA; ≥60-RSV, group of ≥60-year-old participants who received RSVPreF3 
OA. aParticipants in the cell-mediated immunity subset were recruited from a selected number of countries and centers (Supplementary Methods). In total, 339 participants 
were included in the exposed set of the cell-mediated immunity subset.
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AIR-RSV groups, 190 each in the 50–59-non-AIR-placebo 
and 50–59-AIR-placebo groups, and 380 in the ≥60-RSV 
group (Supplementary Methods).

Immunogenicity endpoints were analyzed in the per- 
protocol set (all eligible participants who received RSVPreF3 
OA or placebo per protocol, complied with protocol require
ments, and had immunogenicity results available pre- and 
post-vaccination). Safety endpoints were analyzed in the ex
posed population (all participants who received RSVPreF3 
OA or placebo).

To control the type I error at 2.5% (one-sided) for multiplic
ity, the 4 co-primary objectives were tested according to a pre
defined sequence, with significance levels as described in the 
Supplementary Methods. Noninferiority of the humoral im
mune response to RSVPreF3 OA in 50–59-year-olds without 
or with increased risk for RSV disease compared to those 
aged 60 years and older was demonstrated if the upper limits 

(ULs) of the 2-sided 95% or 97.5% CIs around the adjusted geo
metric mean titer (GMT) ratios (≥60-RSV/50–59-non- 
AIR-RSV and ≥60-RSV/50-59-AIR-RSV) were 1.5 or less, 
and the ULs of the 2-sided 95% or 97.5% CIs around the 
differences in sero-response rates (≥60-RSV minus 50–59- 
non-AIR-RSV and ≥60-RSV minus 50–59-AIR-RSV) were 
10% or less for both RSV-A and RSV-B at 1 month post- 
vaccination. Sero-response rate was defined as the percentage 
of participants with a 4-fold or greater increase in neutraliza
tion titers from pre- to 1 month post-vaccination.

Secondary immunogenicity and safety endpoints were ana
lyzed descriptively. The GMTs and mean geometric increases 
(ie, geometric means of the within-participant ratios of the 
post-vaccination over the pre-vaccination neutralization titers) 
were calculated with 95% CIs, and sero-response rates with ex
act 95% CIs. The frequencies (median, minimum, maximum, 
interquartile range) of RSVPreF3-specific CD4+ and/or 

Table 1. Baseline Characteristics of the Participants (Exposed Population)

Characteristic
50–59-non-AIR-RSV  

(N = 383)
50–59-non-AIR-placebo  

(N = 192)
50–59-AIR-RSV  

(N = 386)
50–59-AIR-placebo  

(N = 191)
≥60-RSV  
(N = 381)

Mean (SD) age, y 54.8 (2.8) 54.7 (2.8) 55.3 (2.8) 55.6 (2.8) 69.5 (6.9)

Age category, n (%)

50–59 y 383 (100) 192 (100) 386 (100) 191 (100) 0 (0.0)

60–69 y 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 202 (53.0)

70–79 y 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 130 (34.1)

≥80 y 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 49 (12.9)

Female sex, n (%) 221 (57.7) 119 (62.0) 186 (48.2) 85 (44.5) 188 (49.3)

Race, n (%)

American Indian or Alaska Native 1 (0.3) 0 (0.0) 4 (1.0) 3 (1.6) 1 (0.3)

Asian 41 (10.7) 22 (11.5) 42 (10.9) 23 (12.0) 43 (11.3)

Black or African American 14 (3.7) 8 (4.2) 15 (3.9) 3 (1.6) 11 (2.9)

Native Hawaiian or Other Pacific Islander 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.0) 1 (0.3)

White 320 (83.6) 158 (82.3) 324 (83.9) 158 (82.7) 324 (85.0)

Multiple 4 (1.0) 3 (1.6) 1 (0.3) 1 (0.5) 0 (0.0)

Unknown 3 (0.8) 1 (0.5) 0 (0.0) 1 (0.5) 1 (0.3)

Mean (SD) BMI, kg/m2 28.4 (5.9) 28.4 (6.7) 30.9 (6.8) 31.3 (7.3) 28.2 (6.0)

Smoking status (tobacco), n (%)

Current smoker 66 (17.2) 36 (18.8) 83 (21.5) 49 (25.7) 44 (11.5)

Former smoker 99 (25.8) 37 (19.3) 133 (34.5) 50 (26.2) 133 (34.9)

Never smoker 217 (56.7) 119 (62.0) 170 (44.0) 92 (48.2) 204 (53.5)

Unknown 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Any pre-existing condition,a n (%) 320 (83.6) 160 (83.3) 386 (100) 191 (100) 358 (94.0)

Condition of interest,b n (%)

1 condition of interestb 0 (0.0) 0 (0.0) 267 (69.2) 136 (71.2) 94 (24.7)

≥2 conditions of interestb 0 (0.0) 0 (0.0) 119 (30.8) 55 (28.8) 51 (13.4)

Chronic pulmonary disease 0 (0.0) 0 (0.0) 148 (38.3) 79 (41.4) 59 (15.5)

Chronic cardiovascular disease 0 (0.0) 0 (0.0) 125 (32.4) 58 (30.4) 58 (15.2)

Diabetes mellitus 0 (0.0) 0 (0.0) 188 (48.7) 92 (48.2) 67 (17.6)

Chronic liver or renal disease 0 (0.0) 0 (0.0) 57 (14.8) 23 (12.0) 17 (4.5)

Abbreviations: BMI, body mass index; N, number of participants in the exposed population; SD, standard deviation; n (%), number (percentage) of participants in the indicated category; 
y, years; 50–59-AIR-placebo, group of 50–59-year-old participants at increased risk for respiratory syncytial virus (RSV) disease who received placebo; 50–59-AIR-RSV, group of 50– 
59-year-old participants at increased risk for RSV disease who received RSV prefusion F protein–based vaccine (RSVPreF3 OA); 50–59-non-AIR-placebo, group of 50–59-year-old 
participants without increased risk for RSV disease who received placebo; 50–59-non-AIR-RSV, group of 50–59-year-old participants without increased risk for RSV disease who received 
RSVPreF3 OA; ≥60-RSV, group of ≥60-year-old participants who received RSVPreF3 OA.  
aAny pre-existing chronic condition based on the participant’s medical history.  
bConditions of interest refer to the predefined conditions that are known to increase the risk for RSV disease (chronic pulmonary disease, chronic cardiovascular disease, diabetes mellitus 
types 1 and 2, chronic renal disease, and chronic liver disease).
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CD8+T cells expressing 2 or more activation markers including 
1 or more cytokine among CD40L, 4-1BB, IL-2, TNF-α, IFN-γ, 
IL-13, and IL-17 (per million of CD4+/CD8+ T cells) were cal
culated. Percentages of participants with AEs (solicited, unso
licited, SAEs, pIMDs) were calculated with exact 95% CIs.

All analyses were conducted using SAS Life Science Analytics 
Framework version 5.4 (SAS Institute, Cary, NC, USA). 

The data lock point of the reported analyses was 5 September 
2023, with a safety data lock of 1 September 2023.

RESULTS

Study Participants

Between 28 October 2022 and 30 January 2023, 1155 adults aged 
50–59 years and 387 adults aged 60 years and older were en
rolled. Among the 50–59-year-old participants, 383 
(non-AIR) and 386 (AIR) received RSVPreF3 OA and 192 
(non-AIR) and 191 (AIR) received placebo; among those aged 
60 years and older, 381 received RSVPreF3 OA. More than 
95% of these participants in each group completed their month 
6 visit, and more than 85% in each group were included in the 
day 31 per-protocol set for humoral immunogenicity (Figure 3).

Baseline characteristics were overall balanced between 
groups (Table 1). However, the mean body mass index tended 
to be higher in the two 50–59-AIR groups (30.9 kg/m2 and 31.3 
kg/m2) than in the 50–59-non-AIR groups (28.4 kg/m2) and in 
the group aged 60 years and older (28.2 kg/m2), as did the pro
portions of current/former smokers (56.0% and 51.8% in the 
50–59-AIR groups and 38.0–46.5% in the other groups). 
Over two-thirds of the participants in the two 50–59-AIR 

groups (69.2% and 71.2%) had exactly 1 condition associated 
with an increased risk for RSV disease, while the remaining 
30.8% and 28.8% had at least 2 of these conditions. In the 
≥60-RSV group, 24.7% had 1 such condition and 13.4% had 
at least 2 such conditions.

Immunogenicity

Both in adults 50–59 years old without an increased risk for 
RSV disease and in those with an increased risk for RSV dis
ease, the immune response induced by RSVPreF3 OA was non
inferior to that in those aged 60 years and older in terms of 
RSV-A and RSV-B neutralization titers 1 month post- 
vaccination. All 4 co-primary objectives were met: the ULs of 
the CIs around the adjusted GMT ratios were below 1.5 and 
the ULs of the CIs around the sero-response rate differences 
were below 10% for both RSV-A and RSV-B neutralization ti
ters when comparing ≥60-RSV with 50–59-non-AIR-RSV and 
with 50–59-AIR-RSV groups (Table 2).

The RSV-A and RSV-B neutralization titers increased marked
ly from pre- to 1 month post-vaccination in the different groups 
of RSVPreF3 OA–vaccinated participants, with mean geometric 
increases ranging from 9.58 to 11.63 for RSV-A and 7.22 to 9.05 
for RSV-B (Figure 4), and sero-response rates ranging from 
80.4% to 86.9% for RSV-A and 74.5% to 81.6% for RSV-B 
(Supplementary Table 1). No increases in RSV-A and RSV-B 
neutralization titers were seen in the placebo groups. Observed 
post-vaccination GMTs for RSV-A and RSV-B were numerically 
highest in the 50–59-AIR-RSV group (8821.9 and 9967.3 ED60, 
respectively), followed by the 50–59-non-AIR-RSV group 
(7925.4 and 8971.9 ED60) and the ≥60-RSV group (7461.9 and 
8144.5 ED60), but 95% CIs generally overlapped (Figure 4).

The frequencies of RSVPreF3-specific CD4+ T cells express
ing 2 or more activation markers including 1 or more cytokine 
among CD40L, 4-1BB, IL-2, TNF-α, IFN-γ, IL-13, and IL-17 in
creased substantially from pre- to 1 month post-vaccination in 
all groups of RSVPreF3 OA–vaccinated participants, reaching 
similar post-vaccination frequencies in the 50– 
59-non-AIR-RSV (median, 1616.0/106 CD4+ T cells), 50– 
59-AIR-RSV (1379.0/106 CD4+ T cells), and ≥60-RSV 
(1033.0/106 CD4+ T cells) groups (Figure 5). No increase in 
CD8+ T-cell frequencies was detected in any of the groups.

Reactogenicity and Safety

In all groups, the most common solicited AEs starting within 
4 days post–RSVPreF3 OA vaccination were administration-site 
pain, fatigue, myalgia, and headache. These events, as well as ar
thralgia, were reported more frequently among RSVPreF3 OA– 
vaccinated 50–59-year-olds than in those aged 60 years and older 
(Figure 6, Supplementary Table 2). The median duration of each 
solicited AE was similar across all vaccine and placebo groups and 
was 4 days or less for administration-site AEs and 3 days or less 
for systemic AEs. The reporting rates of solicited AEs with grade 

Table 2. Noninferiority of the RSVPreF3 OA Immune Response at 1 Month 
Post-vaccination in Adults 50–59 Years Old Without or With an Increased 
Risk for RSV Disease Versus Adults ≥60 Years Old (Per-Protocol Set for 
Humoral Immunogenicity)

Comparison  
Endpoint

Adjusted GMT 
Ratio (CIa) (≥60 

Group Over 
50–59 Group)

Sero-response Rate 
Difference (CIa) 

(≥60 Group Minus  
50–59 Group)

Success 
Criterion 

Metb

≥60-RSV vs 50–59-non-AIR-RSV

RSV-A neutralization titer .95 (.83, 1.09) −2.41 (−8.30, 3.50) Yes

RSV-B neutralization titer .89 (.77, 1.03) −3.73 (−11.09, 3.68) Yes

≥60-RSV vs 50–59-AIR-RSV

RSV-A neutralization titer .83 (.73, .95) −6.47 (−12.05, −0.94) Yes

RSV-B neutralization titer .80 (.71, .91) −7.15 (−13.34, −0.94) Yes

Sero-response rate was defined as the percentage of participants with a ≥4-fold increase in 
neutralization titers from pre- to 1 month post-vaccination.  

Abbreviations: CI, confidence interval; GMT, geometric mean titer; 50–59-AIR-RSV, group of 
50–59-year-old participants at increased risk for respiratory syncytial virus (RSV) disease who 
received RSV prefusion F protein–based vaccine (RSVPreF3 OA); 50–59-non-AIR-RSV, group 
of 50–59-year-old participants without increased risk for RSV disease who received 
RSVPreF3 OA; ≥60-RSV, group of ≥60-year-old participants who received RSVPreF3 OA.  
a95% CI (alpha of .025) for all comparisons except for ≥60-RSV vs 50–59-non-AIR-RSV for 
RSV-B neutralization titers, which used a 97.5% CI (alpha of .0125); alpha determined 
following the graphical testing procedure explained in the Supplementary Methods.  
bCriterion was met if the upper limit of the CI around the adjusted GMT ratio was ≤1.5 and 
the upper limit of the CI around the sero-response rate difference was ≤10%.
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3 intensity were low (≤3.7% for any event in any group) and sim
ilar between groups. Grade 3 fever (temperature >39.0°C) was re
ported for 0.5% or less of participants across groups (Figure 6, 
Supplementary Table 2).

Unsolicited AEs with onset within 30 days post-vaccination 
were reported for 10.5–14.5% of 50–59-year-olds across the 
4 groups and for 16.3% of those aged 60 years and older 
(Table 3). Within this period, 1 case of new-onset atrial fibril
lation (nonserious AE) was reported in the ≥60-RSV group, 
which was not considered as being related to vaccination by 
the investigator.

Up to 6 months post-vaccination, 0.5–3.6% of 50– 
59-year-old participants and 2.4% of participants aged 60 years 
and older reported SAEs, and 0.0–1.0% of 50–59-year-olds and 
0.8% of those aged 60 years and older reported pIMDs 
(Table 3). One case of new-onset atrial fibrillation, which the 
investigator judged as not being vaccination-related, was re
ported as an SAE in the ≥60-RSV group. Up to the data lock 
point for this analysis, 1 SAE (also reported as pIMD), a case 
of cold-type hemolytic anemia in the ≥60-RSV group, was con
sidered by the investigator as being related to RSVPreF3 OA 
vaccination. This case started 52 days after vaccination and 

Figure 4. RSV-A (A) and RSV-B (B) geometric mean neutralization titers and mean geometric increases (per-protocol set for humoral immunogenicity). Confidence intervals 
(CIs) are depicted as error bars. Abbreviations: ED60, estimated dilution 60; MGI, mean geometric increase (ie, geometric mean of the within-participant ratios of the post- 
vaccination over the pre-vaccination neutralization titers); Placebo, received placebo; POST, 1 month after vaccination; PRE, before vaccination; RSV, respiratory syncytial 
virus; 50–59-AIR, group of 50–59-year-old participants at increased risk for RSV disease; 50–59-non-AIR, group of 50–59-year-old participants without increased risk for RSV 
disease; ≥60, group of ≥60-year-old participants.
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was ongoing at the data lock point. The participant had multi
ple hematology lab results showing anemia, raised bilirubin lev
els, and raised lactate dehydrogenase levels in past medical 
checkups before receiving RSVPreF3 OA.

No deaths were reported up to the data lock point.

DISCUSSION

This study demonstrated that the humoral immune response 
induced by RSVPreF3 OA in adults aged 50–59 years was non
inferior to that in adults aged 60 years and older. Noninferiority 
was demonstrated for 50–59-year-olds without and for those 
with chronic conditions that increase the risk for RSV disease, 
both for RSV-A and RSV-B neutralization titers. Given that 
RSVPreF3 OA efficacy was demonstrated in adults aged 
60 years and older [7–9], these results suggest that RSVPreF3 
OA may also be efficacious in 50–59-year-olds, both in those 
without and those with underlying conditions that increase 
the risk for RSV disease.

A robust humoral immune response was seen in all 
3 RSVPreF3 OA-vaccinated groups. Interestingly, post- 
vaccination RSV-A and RSV-B neutralization GMTs were 
not lower (rather, numerically higher) in the AIR than in the 
non-AIR subcohort, despite the trend for a greater body mass 

index and proportion of smokers in this subcohort, 2 factors 
that have been associated with lower immune responses to 
some vaccines in several studies [16]. Similarly, among those 
aged 60 years and older in the phase 3 efficacy study, a trend 
for higher RSV neutralization titers was observed in partici
pants with underlying medical conditions [9], and the vaccine 
efficacy against RSV-LRTD tended to be higher in this popula
tion (94.6% over 1 RSV season) compared with the overall pop
ulation (82.6%) [7, 9].

We also observed numerically higher neutralization titers in 
adults aged 50–59 years than in those aged 60 years and older. A 
trend for lower RSV neutralization titers in older age groups 
was seen previously after RSVPreF3 OA immunization [17]. 
However, the clinical relevance of these observations is not 
known as our study was not designed to detect between-group 
differences in immune responses, and 95% CIs between groups 
mostly overlapped.

Vaccination with RSVPreF3 OA also induced a robust CD4+ 
T-cell response in all groups. This increase in CD4+ T-cell fre
quencies is important as T-cell immunity is thought to play a 
role in protecting against RSV disease and controlling disease 
severity [18–22]. Consistent with previous studies in individu
als aged 60 years and older [17, 23], RSVPreF3 OA did not in
duce an increase in CD8+ T cells in 50–59-year-olds.

Figure 5. Frequency of RSVPreF3-specific-CD4+ T cells expressing ≥2 markers including ≥1 cytokine among CD40L, 4-1BB, IL-2, TNF-α, IFN-γ, IL-13, and IL-17 (per-protocol 
set for cell-mediated immunity). Abbreviations: CD40L, CD40 ligand; IFN-γ, interferon-γ; IL, interleukin; max, maximum; min, minimum; Placebo, received placebo; POST, 
1 month after vaccination; PRE, before vaccination; Q1, first quartile; Q3, third quartile; RSV, received respiratory syncytial virus (RSV) prefusion F protein–based vaccine 
(RSVPreF3 OA); RSVPreF3, respiratory syncytial virus prefusion F protein; TNF-α, tumor necrosis factor-α; 50–59-non-AIR, group of 50–59-year-old participants without in
creased risk for RSV disease; 50–59-AIR, group of 50–59-year-old participants at increased risk for RSV disease; ≥60, group of ≥60-year-old participants.
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Several solicited AEs were reported at higher rates in 50– 
59-year-olds than in those aged 60 years and older. Higher vac
cine reactogenicity in younger versus older adults was not un
expected as it has been observed with other vaccines [24–26]. 
However, symptoms were transient, and incidences of grade 
3 reactions were similarly low among 50–59-year-olds and 
those aged 60 years and older. The rates of unsolicited AEs, 
SAEs, and pIMDs were balanced between study groups. 
Hence, the overall safety profile in adults aged 50–59 years 
was consistent with the known safety profile in those aged 
60 years and older.

Respiratory syncytial virus poses a significant burden in 50– 
59-year-olds, with increased hospitalization rates and a greater 
use of medical resources among those with underlying medical 
conditions [1–4, 27]. Respiratory syncytial virus can also com
promise the quality of life in this population, leading to an im
pairment in daily functioning [14, 15]. Considering that a 
substantial proportion of adults aged 50–59 years are living 
with conditions that increase the risk for RSV disease, such 
as chronic obstructive pulmonary disease or diabetes [28–30], 
an effective vaccine in this population could help decrease 
the total RSV burden.

A strength of our study was the inclusion of several internal 
control groups: a non-AIR subcohort of 50–59-year-olds, pla
cebo groups for both the 50–59-AIR and 50–59-non-AIR sub
cohorts, and a cohort of participants aged 60 years and older 
that was similar to the population in which efficacy was demon
strated. Including these in the same study allowed us to control 
for possible differences in seasonality or regionality in RSV ep
idemiology. Another strength was the heterogenous study pop
ulation from different geographic areas, providing good 
external validity.

Our study has some limitations. There was no surveillance 
for RSV-LRTD, and as there is no established correlate of pro
tection against RSV, we do not have direct evidence for efficacy 
in 50–59-year-olds. However, the high efficacy previously dem
onstrated in those aged 60 years and older, including in those 
with chronic conditions associated with an increased risk for 
RSV disease [7–9], together with the comparable immune re
sponse observed in this study are highly suggestive of the vac
cine being efficacious in adults aged 50–59 years with or 
without the predefined chronic conditions. Additional limita
tions are the inclusion of participants with stable chronic con
ditions only and the exclusion of adults with 

Figure 6. Solicited adverse events within 4 days after RSVPreF3 OA or placebo administration (exposed population). Confidence intervals are depicted as error bars. Fever 
was defined as a temperature ≥38.0°C. Grade 3 adverse events were defined as administration-site erythema or swelling with a diameter >100 mm, fever with a temper
ature >39.0°C, and administration-site pain, headache, fatigue, myalgia, and arthralgia that prevented normal activity. Abbreviations: Placebo, received placebo; RSV, re
ceived respiratory syncytial virus (RSV) prefusion F protein–based vaccine (RSVPreF3 OA); 50–59-non-AIR, group of 50–59-year-old participants without increased risk for RSV 
disease; 50–59-AIR, group of 50–59-year-old participants at increased risk for RSV disease; ≥60, group of ≥60-year-old participants.
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immunocompromising conditions, who also have an increased 
risk for severe RSV outcomes [5, 6]. Also, some conditions that 
may increase the risk for RSV disease (eg, neurological or neuro
muscular disorders [5]) were not specifically selected in the AIR 
subcohort or excluded from the non-AIR subcohort. Finally, the 
primary objective of our study was to demonstrate noninferior
ity comparing the 50–59-RSV groups with the ≥60-RSV group; 
the study was not designed to show differences in immune re
sponses between all of the study groups. Neither was it powered 
to identify rare AEs following vaccination.

In summary, this study demonstrated that RSVPreF3 OA 
was at least as immunogenic in adults aged 50–59 years (with 
or without increased risk for RSV disease) as in those aged 60 
years and older, and showed that RSVPreF3 OA had an accept
able safety profile in 50–59-year-olds consistent with that in 
those aged 60 years and older. Together with the previously 
demonstrated efficacy in the older age group, these results sug
gest that RSVPreF3 OA could provide a substantial clinical 
benefit to 50–59-year-olds and help address the unmet medical 
need in this population.
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Table 3. Unsolicited Adverse Events, Serious Adverse Events, and Potential Immune-Mediated Diseases After RSVPreF3 OA or Placebo Administration 
(Exposed Population)

Adverse Event

50–59-non-AIR-RSV 
(N = 383)

50–59-non-AIR-placebo  
(N = 192)

50–59-AIR-RSV  
(N = 386)

50–59-AIR-placebo  
(N = 191) ≥60-RSV (N = 381)

n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI)

Unsolicited AEs within 30 days

Any 50 13.1 (9.8, 16.8) 26 13.5 (9.0, 19.2) 56 14.5 (11.1, 18.4) 20 10.5 (6.5, 15.7) 62 16.3 (12.7, 20.4)

Grade 3 4 1.0 (.3, 2.7) 0 0.0 (.0, 1.9) 4 1.0 (.3, 2.6) 4 2.1 (.6, 5.3) 2 .5 (.1, 1.9)

Related 14 3.7 (2.0, 6.1) 5 2.6 (.9, 6.0) 12 3.1 (1.6, 5.4) 3 1.6 (.3, 4.5) 12 3.1 (1.6, 5.4)

Grade 3 related 0 0.0 (.0, 1.0) 0 0.0 (.0, 1.9) 0 0.0 (.0, 1.0) 0 0.0 (.0, 1.9) 1 .3 (.0, 1.5)

Medically attended 12 3.1 (1.6, 5.4) 10 5.2 (2.5, 9.4) 24 6.2 (4.0, 9.1) 13 6.8 (3.7, 11.4) 27 7.1 (4.7, 10.1)

SAEs and pIMDs within 6 months

Any SAE 2 .5 (.1, 1.9) 4 2.1 (.6, 5.2) 14 3.6 (2.0, 6.0) 4 2.1 (.6, 5.3) 9 2.4 (1.1, 4.4)

Any pIMDa 0 0.0 (.0, 1.0) 0 0.0 (.0, 1.9) 4 1.0 (.3, 2.6) 1 .5 (.0, 2.9) 3 .8 (.2, 2.3)

Related or fatal SAEs and related pIMDs until data lock point

Related SAE 0 0.0 (.0, 1.0) 0 0.0 (.0, 1.9) 0 0.0 (.0, 1.0) 0 0.0 (.0, 1.9) 1 0.3 (.0, 1.5)

Fatal SAE 0 0.0 (.0, 1.0) 0 0.0 (.0, 1.9) 0 0.0 (.0, 1.0) 0 0.0 (.0, 1.9) 0 0.0 (.0, 1.0)

Related pIMD 0 0.0 (.0, 1.0) 0 0.0 (.0, 1.9) 0 0.0 (.0, 1.0) 0 0.0 (.0, 1.9) 1 0.3 (.0, 1.5)

A grade 3 adverse event (AE) is an AE that prevents normal activity.  

Abbreviations: CI, confidence interval; N, number of participants in the exposed population; n (%), number (percentage) of participants in the indicated category; pIMD, potential 
immune-mediated disease; SAE, serious adverse event; 50–59-AIR-RSV, group of 50–59-year-old participants at increased risk for respiratory syncytial virus (RSV) disease who received 
RSV prefusion F protein–based vaccine (RSVPreF3 OA); 50–59-non-AIR-RSV, group of 50–59-year-old participants without increased risk for RSV disease who received RSVPreF3 OA; 
≥60-RSV, group of ≥60-year-old participants who received RSVPreF3 OA.  
aReported pIMDs were new-onset pericarditis, new-onset spondylitis, worsening of pre-existing gouty arthritis, and worsening of pre-existing gout in the 50–59-AIR-RSV group, pericarditis in 
the 50–59-AIR-placebo group, and new-onset cold-type hemolytic anemia, new-onset polymyalgia rheumatica, and worsening of pre-existing psoriasis in the ≥60-RSV group.
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