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g Department of Clinical Sciences, Lund University, BMC I12, Lund SE-221 84, Sweden 
h GSK, Avenue Fleming 20, Wavre 1300, Belgium 
i GSK, Rue de l’Institut 89, Rixensart 1330, Belgium   

A R T I C L E  I N F O   

Keywords: 
Immunogenicity 
Lot-to-lot consistency 
Older adults 
Prefusion F protein vaccine 
Respiratory syncytial virus 
Safety 

A B S T R A C T   

Background: Previous phase 3 studies showed that the AS01E-adjuvanted respiratory syncytial virus (RSV) pre-
fusion F protein-based vaccine for older adults (RSVPreF3 OA) is well tolerated and efficacious in preventing 
RSV-associated lower respiratory tract disease in adults ≥ 60 years of age. This study evaluated lot-to-lot 
immunogenicity consistency, reactogenicity, and safety of three RSVPreF3 OA lots. 
Methods: This phase 3, multicenter, double-blind study randomized (1:1:1) participants ≥ 60 years of age to 
receive one of three RSVPreF3 OA lots. Serum RSVPreF3-binding immunoglobulin G (IgG) concentration was 
assessed at baseline and 30 days post-vaccination. Lot-to-lot consistency was demonstrated if the two-sided 95 % 
confidence intervals (CIs) of the RSVPreF3-binding IgG geometric mean concentration (GMC) ratios between 
each lot pair at 30 days post-vaccination were within 0.67 and 1.50. Solicited adverse events (AEs) within four 
days, unsolicited AEs within 30 days, and serious AEs (SAEs) and potential immune-mediated diseases within six 
months post-vaccination were recorded. 
Results: A total of 757 participants received RSVPreF3 OA, of whom 708 were included in the per-protocol set 
(234, 237, and 237 participants for each lot). Lot-to-lot consistency was demonstrated: GMC ratios were 1.06 (95 
% CI: 0.94–1.21), 0.92 (0.81–1.04), and 0.87 (0.77–0.99) between the lot pairs (lot 1/2; 1/3; 2/3). For the three 
lots, the RSVPreF3-binding IgG concentration increased 11.84-, 11.29-, and 12.46-fold post-vaccination 
compared to baseline. The reporting rates of solicited and unsolicited AEs, SAEs, and potential immune- 
mediated diseases were balanced between lots. Twenty-one participants reported SAEs; one of these–a case of 
atrial fibrillation–was considered by the investigator as vaccine-related. SAEs with a fatal outcome were reported 
for four participants, none of which were considered by the investigator as vaccine-related. 
Conclusion: This study demonstrated lot-to-lot immunogenicity consistency of three RSVPreF3 OA vaccine lots 
and indicated that the vaccine had an acceptable safety profile. 
ClinicalTrials.gov: NCT05059301.   

Introduction 

Respiratory syncytial virus (RSV) is a contagious seasonal virus that 

causes respiratory tract infections in people of all ages. RSV infection 
usually causes a mild respiratory illness that resolves within 1–2 weeks 
[1,2]. However, RSV can also cause more severe lower respiratory tract 

* Corresponding author at: GSK, Avenue Fleming 20, Wavre 1300, Belgium. 
E-mail address: shady.x.kotb@gsk.com (S. Kotb).  

Contents lists available at ScienceDirect 

Vaccine: X 

journal homepage: www.elsevier.com/locate/jvacx 

https://doi.org/10.1016/j.jvacx.2024.100494 
Received 2 November 2023; Received in revised form 23 April 2024; Accepted 26 April 2024   

http://ClinicalTrials.gov
mailto:shady.x.kotb@gsk.com
www.sciencedirect.com/science/journal/25901362
https://www.elsevier.com/locate/jvacx
https://doi.org/10.1016/j.jvacx.2024.100494
https://doi.org/10.1016/j.jvacx.2024.100494
https://doi.org/10.1016/j.jvacx.2024.100494
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jvacx.2024.100494&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Vaccine: X 18 (2024) 100494

2

diseases (LRTDs), such as bronchitis, bronchiolitis, and pneumonia, that 
may require hospitalization. Although RSV is mostly recognized as a 
childhood illness [3], it also causes a significant disease burden in older 
adults [4,5]. A recent meta-analysis estimated that 5.2 million cases of 
acute RSV infection occurred among adults ≥ 60 years of age in high- 
income countries in 2019, leading to 470,000 hospitalizations and 
33,000 in-hospital deaths [5]. 

A progressive decline in immune function associated with aging, a 
phenomenon called immunosenescence, likely contributes to the 
increased susceptibility of older adults to RSV infection [6]. RSV can 
also cause more serious respiratory illnesses (including LRTDs) in older 
adults, especially in people with chronic medical conditions or those 
who are immunocompromised [4,5]. RSV vaccination may therefore 
help reduce the RSV burden in this vulnerable population [7]. The 
AS01E-adjuvanted RSV prefusion F protein-based vaccine for older 
adults (RSVPreF3 OA, Arexvy, GSK) was first approved for protection 
against LRTD caused by RSV in adults ≥ 60 years of age in the United 
States (U.S.). To date, the vaccine is also approved in the European 
Union and other countries [8–12]. The vaccine contains a recombinant 
subunit prefusion RSV F glycoprotein antigen [13], combined with the 
liposome-based AS01E adjuvant that improves the magnitude of the 
immune response [14,15]. Results of an ongoing placebo-controlled 
phase 3 efficacy study demonstrated that RSVPreF3 OA was effica-
cious and well tolerated during two full RSV seasons in the northern 
hemisphere in adults ≥ 60 years of age, including people with under-
lying medical conditions [16–18]. In another ongoing phase 3 study, 
vaccination with RSVPreF3 OA was shown to induce a robust immune 
response, with humoral and cell-mediated responses persisting at least 
one year after a single dose [19]. 

For regulatory approval, manufacturing consistency must be 
demonstrated as per the World Health Organization requirements for 
vaccine development and pre-qualification [20–22]. In this phase 3 
study, we assessed lot-to-lot consistency of three lots of RSVPreF3 OA in 
terms of immunogenicity and evaluated the reactogenicity and safety of 
one dose of each of these lots. 

A plain language summary contextualizing the results of this study is 
presented in Fig. 1. 

Methods 

Study objectives 

The primary objective of the study was to demonstrate lot-to-lot 
consistency in terms of immunogenicity of three lots of RSVPreF3 OA, 
as evaluated by RSVPreF3-binding immunoglobulin G (IgG) geometric 
mean concentration (GMC) ratios 30 days post-vaccination for each pair 
of the vaccine lots (i.e., lot 1/lot 2; lot 1/lot 3; lot 2/lot 3). Secondary 
objectives were to characterize the RSVPreF3-binding IgG responses of 
the three lots by means of GMCs at baseline and 30 days post- 
vaccination and mean geometric increases (MGIs), and to evaluate the 
vaccine’s reactogenicity and safety profile up to six months post- 
vaccination. 

Study design, participants, and conduct 

This phase 3, randomized, double-blind study was conducted be-
tween 1 October 2021 and 30 June 2022 at 19 centers in three countries: 
seven in Canada, three in Sweden, and nine in the U.S. Participants were 
men and women aged ≥ 60 years at the time of study vaccination who, 
in the investigators’ opinion, could and would comply with protocol 
requirements, and who provided informed consent before any study- 
specific procedure. Individuals with chronic medical conditions, with/ 
without specific treatment, were eligible if the investigator considered 
the participant’s condition to be medically stable. See Supplementary 
methods for the full list of inclusion and exclusion criteria. 

The study was conducted according to the Declaration of Helsinki, 

the Council for International Organizations of Medical Sciences Inter-
national Ethical guidelines, the International Council for Harmonization 
Good Clinical Practice guidelines, and applicable laws and regulations. 
The study documents were approved by national, regional, or study 
center independent ethics committees or institutional review boards. 

Fig. 1. Plain language summary.  
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The protocol can be accessed at https://www.gsk-studyregister. 
com/en/trial-details/?id=217131. The study was registered at 
ClinicalTrials.gov (NCT05059301). 

Study intervention, randomization, and blinding 

One 0.5 mL dose of RSVPreF3 OA consisted of 120 µg RSVPreF3 
antigen and the liposome-based AS01E adjuvant, comprising 25 µg of 3- 
O-desacyl-4′-monophosphoryl lipid A and 25 µg of Quillaja saponaria 
Molina, fraction 21. The vaccine was administered by intramuscular 
injection in the deltoid of the non-dominant arm. 

The study participants were randomized (1:1:1) in three groups, to 
receive one of three lots of RSVPreF3 OA, each composed of unique 
combinations of antigen and adjuvant lots. More information on 
randomization is provided in the Supplementary methods. 

The study was conducted in a double-blind manner until the time of 
the 30 days post-vaccination analysis timepoint of the final analysis of 
the primary objective) and in a single-blind manner thereafter, with 
study participants remaining blinded until study end (approximately six 
months post-vaccination). 

Immunogenicity evaluation 

Blood samples were collected from participants at baseline (day 1, 
before vaccination) and 30 days post-vaccination (day 31). Serum 
RSVPreF3-binding IgG concentrations were assessed using an in-house 
enzyme-linked immunosorbent assay (ELISA) [15,16], with a lower 
limit of quantification (LLOQ) of 25 ELISA units (EU)/mL and an upper 
limit of quantification (ULOQ) of 251,769 EU/mL. 

Reactogenicity and safety evaluation 

Solicited administration-site adverse events (AEs) (pain, erythema, 
and swelling) and systemic AEs (fever, headache, myalgia, arthralgia, 
and fatigue) were recorded by the participants up to four days post- 
vaccination, and unsolicited AEs were recorded up to 30 days post- 
vaccination in paper diaries. Serious AEs (SAEs) and potential 
immune-mediated diseases (pIMDs) were recorded throughout the 
study, with a last safety contact approximately six months post- 
vaccination (study end). 

Statistical analyses 

Statistical analyses were performed using SAS Life Science Analytics 
Framework. Primary and secondary immunogenicity objectives were 
analyzed on the per-protocol set (PPS) (all eligible participants who 
received the study intervention as per protocol, had immunogenicity 
results pre- and post-vaccination, complied with blood draw intervals, 
had no intercurrent conditions that could interfere with immunogenicity 
and did not receive prohibited concomitant medication/vaccination). 

Approximately 750 participants were planned to be enrolled in the 
study (250 per vaccine lot group), to reach 225 participants per group in 
the PPS that would be evaluable for the primary objective (assuming a 
10 % non-evaluable rate up to 30 days post-vaccination). 

To assess lot-to-lot consistency, the two-sided 95 % confidence in-
tervals (CIs) of the RSVPreF3-binding IgG GMC ratios at 30 days post- 
vaccination were calculated for each pair of RSVPreF3 OA vaccine lot 
groups (group 1/group 2, group 1/group 3, and group 2/group 3), using 
an analysis of covariance model on the log10-transformed concentrations 
that included the vaccine lot group and the age category (60–69 years, 
70–79 years, or ≥ 80 years) as fixed effects, and the baseline 

concentration as covariate. As success criteria for equivalence of the 
three lots, the two-sided 95 % CIs of the group GMC ratios between each 
lot pair had to be within the pre-defined limits of 0.67 and 1.50. 

RSVPreF3-binding IgG GMCs were calculated with 95 % CIs. The 
MGI, i.e., geometric mean of ratios of RSVPreF3-binding IgG concen-
trations 30 days post-vaccination over baseline, were calculated with 95 
% CIs. Concentrations below the LLOQ were replaced by half the LLOQ, 
and concentrations above the ULOQ were replaced by the ULOQ. 
Missing data were not replaced. Demographic characteristics, safety, 
and reactogenicity were assessed on the exposed set (all participants 
who received the vaccine) and were summarized using descriptive 
statistics. 

Results 

Study population 

A total of 770 participants were enrolled, of whom 758 were ran-
domized in the three vaccine lot groups and 757 received RSVPreF3 OA 
(251 in group 1, 253 in group 2, and 253 in group 3) (exposed set). Of 
these, 708 were included in the PPS (234 in group 1, 237 in group 2, and 
237 in group 3). A total of 745 participants completed the study (six 
months post-vaccination safety contact) (Fig. 2). 

Of the 757 participants in the exposed set, 49.0 % were female. Most 
participants were not Hispanic or Latino by ethnicity (96.6 %) and white 
by race (91.8 %). The mean age of the participants was 69.9 (±6.6) 
years. Overall, the demographic and baseline characteristics of the 
participants were comparable in the three vaccine lot groups (Table 1). 

Immunogenicity 

Thirty days post-vaccination, RSVPreF3-binding IgG GMC ratios 
between the RSVPreF3 OA lot pairs were 1.06 (95 % CI: 0.94–1.21) 
(group 1/group 2), 0.92 (0.81–1.04) (group 1/group 3), and 0.87 
(0.77–0.99) (group 2/group 3), demonstrating lot-to-lot consistency, i. 
e., the two-sided 95 % CIs of the GMC ratios between each lot pair were 
between the pre-defined limits of 0.67 and 1.50 (Fig. 3). 

At baseline, all participants had RSVPreF3-binding IgG concentra-
tions above the LLOQ due to previous RSV exposure. The RSVPreF3- 
binding IgG concentration increased 11.84- (group 1), 11.29- (group 
2), and 12.46-fold (group 3) 30 days post-vaccination compared to 
baseline (Table 2). 

Reactogenicity and safety 

In total, 73.1 % of participants reported at least one solicited AE with 
onset within four days of vaccination: 69.9 % (group 1), 75.3 % (group 
2), and 74.2 % (group 3) of participants reported at least one solicited 
AE. Grade 3 solicited AEs were reported by 3.2 % (group 1), 3.6 % 
(group 2), and 4.4 % (group 3) of participants (Fig. 4, Supplementary 
table 1). 

Most solicited administration-site AEs were mild or moderate and 
resolved within the four-day follow-up period (median duration of ≤ 3 
days across the groups for AEs of any grade, and ≤ 2.5 days for grade 3 
AEs). The most common solicited administration-site AE in each group 
was pain, with incidences of 58.2 % (group 1), 65.7 % (group 2), and 
62.7 % (group 3). Grade 3 pain was reported in 0.4 % (group 1), 0.8 % 
(group 2), and 0.8 % (group 3) of participants. 

Most solicited systemic AEs were mild or moderate and transient 
(median duration of ≤ 2 days across the groups for AEs of any grade and 
for grade 3 AEs). Myalgia was the most common solicited systemic AE, 
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reported in 31.3 % (group 1), 34.3 % (group 2), and 33.7 % (group 3) of 
participants, followed by fatigue, reported in 28.1 % (group 1), 25.9 % 
(group 2), and 27.8 % (group 3) of participants. Grade 3 myalgia was 
reported in 1.6 % (group 2) and 0.8 % (group 3) of participants (none in 
group 1), and grade 3 fatigue in 2.0 % (group 1), 1.2 % (group 2), and 
1.6 % (group 3) of participants. 

In total, 14.3 % of participants reported at least one unsolicited AE 
with onset within 30 days of vaccination: 14.7 % (group 1), 14.6 % 
(group 2), and 13.4 % (group 3) of participants reported at least one 
unsolicited AE. Grade 3 unsolicited AEs were reported by 2.0 % (group 
1), 2.4 % (group 2), and 1.6 % (group 3) of participants. At least one 

unsolicited AE that was considered by the investigator as related to the 
study vaccine was reported by 4.8 % (group 1), 5.9 % (group 2), and 4.7 
% (group 3) of participants (Table 3). 

Until study end, at least one SAE was reported by 21 (2.8 %) par-
ticipants: 3.2 % (group 1), 2.4 % (group 2), and 2.8 % (group 3) (Sup-
plementary table 2). One SAE was considered by the investigator as 
related to the vaccine (atrial fibrillation, which started 162 days after 
vaccination; the participant was admitted to the hospital due to atrial 
fibrillation but was also diagnosed with probable COVID-19 pneu-
monia). SAEs with fatal outcomes were reported in a total of 4 (0.5 %) 
participants: 2 (0.8 %) in group 2, 2 (0.8 %) in group 3, and none in 

Fig. 2. Flow of participants. 
N, number of participants; AE, adverse event; SAE, serious AE. *After randomization, one participant randomized into group 1 was incorrectly administered the 
vaccine lot of group 2, and therefore moved to group 2. †Participants could be eliminated from the per-protocol set for more than one reason. Note: Participants were 
considered to have completed the study if they returned or were available for the safety contact visit six months post-vaccination. 
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group 1 (Table 3). Fatal events included myocardial infarction, sudden 
cardiac death, chronic obstructive pulmonary disease exacerbation/ 
pleural effusion/pulmonary edema, and cardiac arrest. None of these 
events were considered by the investigator as related to the vaccine. 

In total, 6 (0.8 %) participants reported at least one pIMD: 2 (0.8 %) 
in group 1, 1 (0.4 %) in group 2, and 3 (1.2 %) in group 3. One of these 
was considered by the investigator as related to the vaccine (non-serious 
AE of worsening of pre-existing psoriasis, which started 14 days after 

Table 1 
Demographic characteristics of study participants at baseline, exposed set.  

Characteristic Group 1 
N ¼ 251 

Group 2 
N ¼ 253 

Group 3 
N ¼ 253 

Overall 
N ¼ 757 

Age 
Mean ± SD (years) 69.7 ± 6.6 70.1 ± 6.6 69.9 ± 6.6 69.9 ± 6.6  

Age distribution, n (%) 
60–69 years 137 (54.6) 137 (54.2) 136 (53.8) 410 (54.2) 
70–79 years 90 (35.9) 90 (35.6) 91 (36.0) 271 (35.8) 
≥80 years 24 (9.6) 26 (10.3) 26 (10.3) 76 (10.0) 

Female sex, n (%) 131 (52.2) 131 (51.8) 109 (43.1) 371 (49.0) 
Not Hispanic or Latino ethnicity, n (%) 244 (97.2) 244 (96.4) 243 (96.0) 731 (96.6)  

Race, n (%) 
Asian 6 (2.4) 10 (4.0) 10 (4.0) 26 (3.4) 
Black or African American 6 (2.4) 3 (1.2) 4 (1.6) 13 (1.7) 
Native Hawaiian/other Pacific Islander 0 (0.0) 1 (0.4) 0 (0.0) 1 (0.1) 
White 231 (92.0) 231 (91.3) 233 (92.1) 695 (91.8) 
Other 8 (3.2) 8 (3.2) 6 (2.4) 22 (2.9)  

Country, n (%) 
Canada 105 (41.8) 105 (41.5) 109 (43.1) 319 (42.1) 
Sweden 83 (33.1) 83 (32.8) 83 (32.8) 249 (32.9) 
United States 63 (25.1) 65 (25.7) 61 (24.1) 189 (25.0) 

N, number of participants in the exposed set; n/%, number/percentage of participants in a given category; SD, standard deviation. 

Fig. 3. Lot-to-lot comparisons in terms of RSVPreF3-binding IgG GMC ratios between RSVPreF3 OA lot pairs at 30 days post-vaccination, per-protocol set. 
RSVPreF3, respiratory syncytial virus prefusion F protein; IgG, immunoglobulin G; GMC, geometric mean concentration; CI, confidence interval (depicted as error 
bars); EU, enzyme-linked immunosorbent assay unit. Note: The shaded area indicates the thresholds used to define lot-to-lot consistency (two-sided 95 % CIs of the 
group GMC ratios between each lot pair between 0.67 and 1.50 limits). 

Table 2 
RSVPreF3-binding IgG response at baseline and 30 days post-vaccination, per-protocol set.  

Variable Group 1 Group 2 Group 3 

Baseline (day 1) 
N 248 251 250 
GMC (95 % CI), EU/mL 7,332.9 (6,659.4–8,074.5) 7,290.1 (6,643.4–7,999.7) 7,520.9 (6,862.7–8,242.3)  

Post-vaccination (day 31) 
N 234 237 237 
GMC (95 % CI), EU/mL 86,039.9 (78,541.5–94,254.3) 80,518.0 (73,150.0–88,628.2) 94,260.9 (86,042.2–103,264.7) 
MGI (95 % CI) 11.84 (10.53–13.31) 11.29 (10.12–12.60) 12.46 (11.13–13.94) 

RSVPreF3, respiratory syncytial virus prefusion F protein; IgG, immunoglobulin G; N, number of participants with available data; GMC, geometric mean concentration; 
CI, confidence interval; EU, enzyme-linked immunosorbent assay unit; MGI, mean geometric increase of IgG concentration at day 31 compared to day 1. 
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vaccination and resolved after 167 days) (Table 3). A detailed descrip-
tion of all pIMDs is provided in Supplementary table 3. 

Discussion 

In this phase 3, randomized, multicenter study, we evaluated the lot- 
to-lot immunogenicity consistency of three lots of RSVPreF3 OA in terms 
of RSVPreF3-binding IgG concentrations, as well as the vaccine’s reac-
togenicity and safety, in older adults. The primary confirmatory lot-to- 
lot consistency objective of the study was met, as the 95 % CIs of the 
RSVPreF3-binding IgG GMC ratios between lot pairs 30 days post- 
vaccination were within the pre-defined range (0.67–1.50). A descrip-
tive evaluation of RSVPreF3-binding IgG responses after vaccination 
further confirmed the robust and comparable humoral immune response 
induced by the three lots 30 days post-vaccination. 

The three lots were well tolerated, and the vaccine showed an 
acceptable safety profile. The reactogenicity profile was comparable 

across the three lot groups, and the reactions were mostly mild or 
moderate. The most frequently reported solicited AEs were 
administration-site pain, myalgia, and fatigue. Reactions were mostly 
transient, with a median duration of three days or less for 
administration-site AEs and two days or less for systemic AEs. The re-
ported rates of SAEs and pIMDs were balanced between the three 
groups. One SAE (atrial fibrillation) was considered by the investigator 
as vaccine-related. This event started 162 days after vaccination, and the 
participant was also diagnosed with probable COVID-19 pneumonia 
upon hospitalization. One non-serious pIMD case of worsening of pre- 
existing psoriasis, which started 14 days after vaccination and eventu-
ally resolved, was considered by the investigator as vaccine-related. 
Overall, the safety results of the present study were comparable with 
those previously reported from other phase 3 RSVPreF3 OA studies 
[15,16] and confirmed that the vaccine had an acceptable safety profile. 

A strength of this study is that it was well powered to show immu-
nological consistency of the vaccine lots in the vaccine target 

Fig. 4. Incidence of solicited adverse events with onset within four days after vaccination, exposed set. 
N, number of participants with solicited safety data available; %, percentage of participants in a given category. Error bars depict 95 % confidence intervals. Grade 3: 
>100 mm (erythema and swelling); >39.0 ◦C (fever); symptom that prevents normal everyday activities (pain, headache, myalgia, arthralgia, fatigue). 
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population, and the unique combination of both the antigen and adju-
vant lots to the different vaccine lot groups adds to the validity of our 
findings. 

In conclusion, this study demonstrated lot-to-lot consistency of three 
lots of the RSVPreF3 OA vaccine, which induced robust immune re-
sponses after one dose. The RSVPreF3 OA vaccine had an acceptable 
safety profile that was comparable between lots. 
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Grade 3: A symptom that prevents normal everyday activities. 
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