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Abstract

Nirsevimah (Beyformus™), a long-acting intramuscular recombinant neutralising human 126G 1x monoclonal antibody o the
peefusion conformation of the respimiory synevtial viras (REV) F protein that has been modified with a triple amino acid
substitution in the Fc region to extend the serum half-life, is being jointly develaped by AstraZeneca and Sanofi for the pre-
vention of R5Y discase, The extended serum holf-life allows administration of airsevimab 25 a single dose to cover the RSV
season, Nirsevimab was approved in the EU on 3 November 2022 and in the UK on 7 November 2022 for the prevention
af RSY lower respiratory tract discase in nconates and infants dusing their first RSV season. This article summarizes the
milestones in the development of nirsevimab beading te this first approval for the prevention of RSV disease in all infants.
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Mirsevimab (Beylartus®): Key Polnts

A long-acting recombinant newtralising human [gGile
mAb to the prefusion conformation of the RSV F protein
being jointly developed by AstraZenech and Sanofi for
the prevention of B5Y discase

Received its first approval on 3 November 2022 in the
EU

Approved for use in the prevention of BESV LET disesse
in neonates and infants during their fivit RSV season

This peofile has bees exmacted and modified from the Adisfnrighs
detshase. Adisinsigh racks drug developoeat worldwide throagh
the entire development process, from discavery, throagh pre-clinica
ol ellinical stedies o markel lausch and beyond.
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1 Introduction

Respiratory syncyiial virus (RSV) 15 a common respiratory
virus thal commonly causes mild, cold-like symploms in
young children. However, in some neonates and infants,
RSV ¢an conse serious symptoms and it ks the most com-
meon ciuse of lower respiratory tract infections (LRTIs) that
can result in hospitalisation or desth in this age group [1-3];
ppproximately 60-805% of infant bronchiolitis and up to 40%
of pacdiatric pneumonia is thought to be due to RSY infic-
tion [2]. In 2015, RSV caused an estimated 33.1 million
LRTIs worldwide in children aged < 5 years, resulied in
hospitalisation in = 3,2 million of these children and deaths
in hospital in = 39,600, most of whom were from low- and
middle-income countries. In infants aged < 6 months, acute
BSY LETIs resulted in 1.4 million hosplial admissions and
27,300 denths in hospatal [4]. Annual RSV hospitalization
rates are highest in infants aged 0-11 months. [5]. Palivi-
mumab, an intramuscolar (M) recombinant humanized
monoclonal antibady (mAb) that targets the BESY surface
fusion glycoprotein (F protein) (developed by AstraZencca)
was approved in 1998 in the USA [6] and then in numes-
ous countries worldwide for the prevention of BESY LETI
infection in specific paediatric patient groups &t high risk
of RSV dizseaze [7], While palivizumab iz effective in pre-
venting serious RSV LRETIz, administration a5 five separate
doses moathly throughout the RSV season (which typically
lasts 5-6 months) because of 3 shorter half-1ife (1, o 20 days)
and restricion of the indication te some preterm infants with
certain co morbidities only are significant limitations [6-9].
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Nirsevimab (Beyforius®), a hng-acting recombinam neu-
tralising human IgGlic mAb to the prefusion conformation
of the B3V F protein that has been muodilied with a tripie
amino acid substitution (Y'TE) in the Fe region to extend
the serum half-life, is being pointly developed by AstraZen-
eca nnd Sanofi for the prevention of B3V disease, The long
serum half-life allows administration of nirsevimab as & sin-
gle dose to cover the RSV season [ 10-14], Mirssvimab was
approved in the EU on 3 November 2022 [10=12] and in
the UK on 7 Movember 2022 [13, 14] for the prevention of
RSY LRT discase in neonates and infants during their first
RSV season,

The recommended dose of nirsevimab is a single dose
aof 50 mg administered intramuscalarty for infants with
body weight < 5 kg and a single dose of 100 mg sdminis-
tered intramusscalarly for infants with body weight 2 5 kg.
Mirsevimab should be administered before the RSY season
commences of from birth for infants born during the RSY
season, [ 10, 14]). For infants andergoing cardiae surgery
with cardiopulmonary bypass, an additional dose may be
administered as soon as the infant is stable after surgery
Lo ensure pdeguate nirsevimab serum levels. I surgery 16
within 90 days afiter receiving the fiest dose of nirsevimab,
the additional dose should be 50 mg or 100 mg sccording
‘1o body welght, TF more than 90 days have elapsed since

A i

U firsl dose, the additional dose sowld be & single dose of
S0 mg regardleds of body weight, w cover Use pemainder
of the RSY season. Dosing in infans with a body weight
froom 1.0 kg o < 1.6 kg s based on extrapalstion {no clini-
cal data are available), Exposures in infants weighing <
I kg are expected 1o be higher than in those weighing
2 1 kg. There are limited data available in extremely pre-
term [i.e., gestational age (GA) < 29 weeks)] infants < 8
weeks of age. Nirsevimab can be given concomitantly with
ehildhood vaccines. In clinieal trials, when nirsevimab
was given with routine childhood vaccines, the safety and
reactogenicity profile of the co-administered regimen was
similar to the childhood vaceines given alone [10, 14].

1.1 Company Agreements and Patents

In March 2017, AstraZeneca and Sanofi announced an
agrecment (o jointly develop and commercialize nirse-
vimakb for the prevention of RS3Y infection in neonates
and infants [15, 16]. In July 2014, AIMM Therapeutics
announced o parinership with AstraZenscs to develop air-
sevimab (which originates from the D25 antibody devel-
oped by AIMM) for the treatment of RSV infections in
young children [17].
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In October 2013, AstraZencca (MedImmone Limited)
was gramled patent USES62006E2 (R5Y-specific binding
medecules and means for producing them) [1R]).

2 Scientific Summary
2.1 Pharmacodynamics

Mirsevimab binds 10 a highly conserved epitope in ant-
genic site & on the prefusion protein (KD 0,12 oM for
RSV sublype A strains and KD 1.22 nM for RSV subtype
B strains) locking it in the pre-fusion conformation, unlike
palivizumab, which bands 1o cells expressing the post-fusion
RSV-F complex [10, 14]. Nirsevimah neutralises RSV and
bocks cell-to-cell fusion by inhibiting the essential mem-
beane fusion step in the viral entry process. [10, 14, 19],
Nirsevimab demonstrated > 50-fold higher activity than
palivizumah in vitro and = 9-fold greater activity than pal-
ivizomab against RSV laboratory strains at similar serum
concentrations in vive [19).

Nirsevimab neutralised clinical RSV A and RSV B iso-
lates (70 RSV A and 49 RSV B isolates collected glob-
ally in 20013-2017) that encoded the most commen RSV F
sequence polymorphisms found among circulating strains
(median ECyy 3.2 ng/ml. and 2.9 ngfml., respectively} in
a dose-response model using cultured Hep-2 cells (10, 14,
20]. In vatro, nirsevimah binds o immabalised buman FeyRs
(FeyR1, FeyRITA, FoyRITB and FoyRIIT) and shows equiva-
lent neutralising activity compared to tal manoclonal
antibodies, 1G7 and 1G7-TM (Fe region modified to redoce
FeR binding and effector function) [10, 14].

Protection from RSY infection is likely to be dependent
an nirsevimah peutmlisation activity rather than Fe-medi-
ased effector function, based on data from a cotton rat model
of RSV infection in which IGT and [G7-TM exhibited com-
parable dose-dependent reduction in RSV replicatson in the
lungs and nasal turbinates (10, 14, 19].

To exnmine antiviral resistance in Vilno, E5CAPRE VATIANLS
were szlected afier three passages in cell culre of RSV AZ
and B30 strains in the presence of nirsevimab (10, 14, 20].
Recombinant RSV A variants showing reduced susceptibil-
ity to nirsevimab included those with idantified substimations
NATI+M208Y (103-fald), Recombinant RSV B variants
that showed reduced susceptibility to nirsevimab included
those with identified substitutions N208D (> 90, 000-fald),
NIORS (= 24,000-fold), KAEN+NI01S (> 13,000-fold), o
KASN+MN2085 (> 90,000-fold) [10, 14, 20]. Resistance-
pssociated substitwtions identified among peuiralisation
escape variants were all located in the oirsevimab binding
site (amino acids 62-69 and 106-212) and reduced binding
affinity to B8V F protein [ 10, 14, 20].

Ini the phase 3 MELODY [NCTO3979313) and phase 173
MEDLEY (NCTO3959488) irials, none of the infants with
MA RSV LETI in any treatment group had an RSV isolate
containing nirsevimab resistance-associsted substitutions
[10, 14, 21]. In the phase 2b DE290CODMA trial in which
infants were randomized to a single 50 mg dose of nirse-
vimab {irrespective of weight at time of doging) or placebo
[22], 2 of the 25 infants in the nirsevimab group who had MA
RSV LETI had an RSV isolute containing nirssvamab resist-
ance-associated substitations (V] 1 of those with RSV A and
/14 of those with RSY B). Thess recombinant RSV B vari-
ants harbouring the identified 164T + K68E+206M+02HR
(»447.1-fold) or N2085 (>386.6-fold) F protein sequence
variations in the nirsevimab binding site showed reduced
susceptibility to nirsevimab newtralisation, Mone of the 46
infants in the placebo group who had MA RSY LETI {2446
had RSV A and 32046 had B3V B) had an R5Y isolate con-
taining nirsevimab resistance-associated substitation, [10,
14, 23].

In elinical trials, mirsevimab showed activity against
recombinant RSY harboaring palivizumab resistance-asso-
ctated substiiutions identified in molecular epidemiology
studies, and in neutralisation escaps vanants of palivizumah,
Varants resistant o nirsevimab could possibly have cross-
resistance o other mAbs targeting the F protein of RSY
[1o, 1],

2.2 Pharmacakinetics

MNirsevimab pharmacokinetics were dose-proportional over
a dose range 25-300 mg after IM administration of & single
dose in clinical trials in infants and adulis [10], C,, after
I administration was achieved within & days (range 1-28
days) and the estimated bioavailability was 85%. The vol-
ame dissribation increases with increasing weight. For an
infant weighing Skg. the estimated central and peripheral
volume of distribwtion (V1 and V2 was 249 ml and 241
mL., respectively [L0].

Mirsevimab is degraded by protealytic enzymes anc is
eliminated by intracellular catabolism [10]. Nirsevimah
clearance increases with increased body weight, For an
infamt weighing 5 kg, the £ was =69 days [10, 21] and the
estimated clearance was 3.38 mL/day [10]. The presence of
chronic lung discase or congenital heart diseass had no effect
on the pharmacokinetics of nirssvimakb [ 10].

On day 151 post sdministration in the phase 3 MELODY
(MCTOIHTH31 ) trial, mean nirsevimab s&rom concentri-
tions were 196 pp/mL. in infants weighing < 5 kg (who had
received & 50 mg doss) and 31.2 ppiml. in those weighing
2 5 kg (who had received o 1) mg dose) [Z1]. In the phase
Y3IMEDLEY (NCTO3959488) trinl in infants at higher rigk
for severe RSV disease [i.e., extremely preterm infants (ges-
tational age < 29 weeks of birth), and infants with chronic
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lung disease (CLDY) or congenital heart disease (CHDY,
mean seewm nirscvimab concentrations in the preterm (i =
4001} and CHDVCLDY (r = 208) colsorts in infants weighing
= 5 kg (who had recsived a 30 mg dose) were 21.9 pgfmlL
and 23.9 pgiml., respectively, and in thoss weighing = 5
kg {who had received a 100 mg dose) were 34.6 pgiml
and 361 pgimL [23]. In the phase 2b DS290C0003 rial
(MCTOXETEI30), serum concentrations in OF.9% (R385
evaluable} of nirsevimab recipients on day 151 were above
the targeted 0% effective concentration threshald of 6.8
pefml 23]

Based on pharmacokinetic and clinteal daa, a single
IM doss of nirsevimab provides at least 5 months’ protec-
tion against RSV LETI [10]. In the phase 3 MELODY and
phase 2b DS290C00003 (NCTO2878330) trials of nirse-
vimab in healthy preterm and term infants, there wis a
positive correlation between & serum AUC > 128 mg-day/
ml and & lower incidence of medically attended (MA)
RSV LETI[10], In the phase 273 MEDLEY trial in infants
at higher risk for severe RSV disease, > B0% of partici-
pants achieved a serum AUC > 12,8 mg-day/mL after a
single IM dose of nirsevimab [10], In the MELODY and
DS290CO0003 trials, RSY neutralizing antibodies after
administration of nirgevimab were = 50-fold hgher than
baseline ot day 151 and = T-fold higher throwgh day 361
[24]

2.3 Therapeutic Trials

A single IM injection of nirsevimab administered prios o
the BSY season prevented MA RSY LRTIs throughout the
REY season in healthy later-preterm (GA = 35 weeks) and
term infants aged <1 year who were entering their firsg
RSV season in the randomized, placebo-controlled phase 3
MELODY trial (MCTO3979313) [21]. The incidense of MA
ESW LETIs through 150 days (primary endpoine) in infants
adlministersd adrsevimab 30 mg (weight < 5 kg ar 100 ing
{weight > 5 kgl [ = 904] was 1.2% compared with 5.0% in
those adminiztered placebo (n = 496); this corresponded o
an efficacy of T4.5% for alrsevimab (p < 00001 by Palsson
regression) and a lower risk of MA RSV LRT] compared
with placebo [HE 0.23; 95% CI 0.12-0.47]. There was no
significant between-group difference in the incidence of hos-
pitalizations due 1a RSV LRTL (0.6% vs 1.6%; efficacy for
nirsevimab of 62.1%) [10, 21 |, The incidence of very severe
MA RSV LETI was 64.2% lower in nirsevimab than placebo
reciplents (0.5% vs L4%) [10]. At baseline, median age was
2.6 months, 86.0% of infants were born at term and 605
weighad = 5 kg, Infants whe met local or national criteria to
recerve palivizumab {i.e., a1 high risk of RSY discase) were
exclisdad from the tmal [21].
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hospitalizations throughout the RSV season in healthy
preterm (GA 2 29 weeks 10 < 35 weeks) infants aged < |
vear who were entering their first RSV seasom in the ran-
domized, placebo-controlled phase 2b DSZ9CD00E tral
(NCTO2E78330) [22]. The incidence of MA B3V RTis
through 150 days {primary endpoint) was 70.1% lower in
infants admimistered nirsgvimab 50 mg (n = 269 than in
those administered placebo (n = 484) [2.6% vs 9.5%: p <
00301 [HR 0.26; 95% C1 0.16-0.43] and hospitalizations
due o REY LETI were reduced by THA% (DL8% vs 4.1%; p
< 00010 [HR 0.19; 95% CI 0.08-0.44] [10, 22]. The inci-
dence of very severe MA REY LRTT was 87.5% lower in nir-
sevimab than placebo recipicnts (0.4% vs 3.3%) [10], Infants
with a hisiory of CLIMCHD (unless CHD was uncompli-
caied) were excluded from the irial. At baseline, mean age
was 3.3 months, mean body weight was 4.5-4.6 kg, and GA
was 327 weeks [22].

In a prespecified pooled analysis of data from healthy
term and preierm (GA =29 weeks) infants who received
the optimized nirsevimab dosing regimen {i.e., 50 mg in
infants < Skg and 100 mg in infants =5 kg; = 1564) o0
placebo {r = T&A) in MELODY and DS290COM0E, RSV

Koy cftisosl tresls of mirsevimals

LETT hoapitalization through day 150 was 0L6% in the nir-
sevimab group compared with 2.7% in the placebo group,
which corresponded 1o an efficacy of T7.3% for nirsevimah
{p < 0.001 by Poltson regreasion) [21]

In the phase 273 MEDLEY (NCTO03959488) trial in
infants a1 higher risk for severe REY disease, the incidence
of MA RSV LRTI through 150 days post dose (extrapo-
lated from the efficacy of nirsevimab in MELODY and
DE290C00003 based on pharmacokinetic exposure) was
0.6% (4/616) in the pirsevimab group and 1.0% (37309) in
the palivizumab group [10]. MEDLEY, which was pelmar-
ily & safety and pharmacokinetic study, enrolled extremely
preferm infants (GA < 35 weeks, n = 615), and infants with
CLD or CHID {r = 310) entering their first RSV season,
Infants were mndomized to receive either a single dose of
pirsevimab (50 mg in infants < Skg and 100 mg in infants
2 5 kg) followed by four once-monthly deses of placebo or
five onee-monthly doses of palivizumab 15 mghkg. Those
in the CHDVCLID cohort whi underwent caording surgery
with cardiopulmonary bypass after dose 1 but before dose
5 received a replacement dose of the study drug for dose |
immediately after surgery [10, 23],
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2.4 Adverse Events

Nirsevimab was well wolerated in clinical wials in infants
[10, [4, 21-23]. The most frequent adverse reactions in
nirsevimab recipients in pooled dota from clinical wials in
preterm and term infants (GA =29 weeks; n = [955) were
rash (L% occurring within 14 days of adminkstration; mos
wiere mild ar maxlerate in severity), pyrexia (6% occurring
within 7 days of sdministration) and Injection site reactions
(04%; cocurring within 7 days of administration; all were
non-serious) [10, 14].

In the phase 3 MELODY trial [21] and the phase 2h
DSZHC00003 trial (23] in healthy preterm and term infants,
fewr panticipants in the airsevimab and placebo arms expe-
riemced an adverse event considered 1o be related 1o the
trial regimmen (1.0% vs 1A% [21] and 2.3% vs 2,1% [22],
respectively): none of these were considered serious adverse
events. Mo anaphylaxis or other serious hypersensitivity
reactinns were reported [21, 22]. In the phase 203 MEDLEY
trial in infants 3t higher risk of severe RSV disease [n= 918
evaliable), the talerability and safety profile of nirsevimab
(= B14) was comparable 1o that of palivizumab {n = 304)
and was consistent with that seen in preterm and term nir-
sevimab recipients in the phase 3 MELODY and phase Zb
DE290C00003 trials [ 10, 14, 71,

Anti=drug antibodies occurning after basaline werg
detected in 6, 1% (389951 evaluable) of nirsevimab regipi-
ents and §,1% (5473} of placebo recipients &t day 361 in
e BMAELODY trind (210 in 5.6% (52929) of nirsevimah
recipients and 3.8% (1846%) of placebo recipients at day
361 m the DS29DCO0003 trial [22], and in 0.4% (2483) of
nirsevimieh and 3.6% (W251) of palivizamab recipients at
day 151 inthe MEDLEY trinl [23].

2.5 Ongoing Clinical Trials

In addition 1o MELODY, ongoing trinls of nirsevimab for the
prevention of MA RSV LETI include the phase 2 MUSIC
(MCTO4454935) trial in immunoscompromised infants and
children aged < 24 months and two phase 3 trinds in healthy
preterm and term infants [CHIMES (NCT05110261; con-
ducted in China} and HARMONIE (NCTO5437510; con-
ducted in France, the UK and Germany)] that are currently
recrwiting,

3 Current Status
Nirsevimab received its first approval on 3 November 32022
in the EL [10-12] and oa 7 Movember 2022 in the UK [13,

14] for the prevention of BSY LRT disease in neonates and
infants during their first RSY season,
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