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ABSTRACT

BACKGROUND

The safety of the monoclonal antibody nirsevimab and the effect of nirsevimab on
hospitalizations for respiratory syncytial virus (RSV)—associated lower respiratory
tract infection when administered in healthy infants are unclear.

METHODS

In a pragmatic trial, we randomly assigned, in a 1:1 ratio, infants who were 12
months of age or younger, had been born at a gestational age of at least 29 weeks,
and were entering their first RSV season in France, Germany, or the United King-
dom to receive either a single intramuscular injection of nirsevimab or standard
care (no intervention) before or during the RSV season. The primary end point was
hospitalization for RSV-associated lower respiratory tract infection, defined as
hospital admission and an RSV-positive test result. A key secondary end point was
very severe RSV-associated lower respiratory tract infection, defined as hospitaliza-
tion for RSV-associated lower respiratory tract infection with an oxygen saturation
of less than 90% and the need for supplemental oxygen.

RESULTS

A total of 8058 infants were randomly assigned to receive nirsevimab (4037 in-
fants) or standard care (4021 infants). Eleven infants (0.3%) in the nirsevimab
group and 60 (1.5%) in the standard-care group were hospitalized for RSV-associ-
ated lower respiratory tract infection, which corresponded to a nirsevimab effi-
cacy of 83.2% (95% confidence interval [CI], 67.8 to 92.0; P<0.001). Very severe
RSV-associated lower respiratory tract infection occurred in 5 infants (0.1%) in the
nirsevimab group and in 19 (0.5%) in the standard-care group, which represented
a nirsevimab efficacy of 75.7% (95% CI, 32.8 to 92.9; P=0.004). The efficacy of
nirsevimab against hospitalization for RSV-associated lower respiratory tract infec-
tion was 89.6% (adjusted 95% CI, 58.8 to 98.7; multiplicity-adjusted P<0.001) in
France, 74.2% (adjusted 95% CI, 27.9 to 92.5; multiplicity-adjusted P=0.006) in
Germany, and 83.4% (adjusted 95% CI, 34.3 to 97.6; multiplicity-adjusted P=0.003)
in the United Kingdom. Treatment-related adverse events occurred in 86 infants
(2.1%) in the nirsevimab group.

CONCLUSIONS
Nirsevimab protected infants against hospitalization for RSV-associated lower re-
spiratory tract infection and against very severe RSV-associated lower respiratory
tract infection in conditions that approximated real-world settings. (Funded by
Sanofi and AstraZeneca; HARMONIE ClinicalTrials.gov number, NCT05437510).

N ENGL ) MED 389;26 NEJM.ORG DECEMBER 28, 2023

The authors’ full names, academic de-
grees, and affiliations are listed in the
Appendix. Prof. Faust can be contacted
at s.faust@soton.ac.uk or at the NIHR
Southampton Clinical Research Facility
and Biomedical Research Centre, Univer-
sity Hospital Southampton NHS Foun-
dation Trust, or the Faculty of Medicine
and Institute for Life Sciences, University
of Southampton, Tremona Road, South-
ampton, SO16 6YD, United Kingdom.

A list of the investigators in the HAR-
MONIE Study Group is provided in the
Supplementary Appendix, available at
NEJM.org.

Drs. Drysdale, Cathie, Flamein, Knuf,
and Collins and Dr. Tissiéres, Dr. Royal,
and Prof. Faust contributed equally to
this article.

N Engl ) Med 2023;389:2425-35.
DOI: 10.1056/NEJM0a2309189
Copyright © 2023 Massachusetts Medical Society.

2425

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org on November 22, 2024. For personal use only.

No other uses without permission. Copyright © 2023 Massachusetts Medical Society. All rights reserved.



A Quick Take
is available at

2426

NEJM.org

The NEW ENGLAND JOURNAL of MEDICINE

ESPIRATORY SYNCYTIAL VIRUS (RSV) IS A

common seasonal cause of acute lower

respiratory tract infection in young chil-
dren' and a leading cause of hospitalization in
infants.>> Nirsevimab, a monoclonal antibody
that neutralizes RSV, was recently approved in
the European Union (in 2022), the United King-
dom (in 2022), Canada (in 2023), and the United
States (in 2023)*° for the prevention of RSV-
associated lower respiratory tract disease in neo-
nates and infants during their first RSV season.
A placebo-controlled phase 2b trial’® and the
phase 3 MELODY trial™*? showed that nirsevi-
mab was safe and effective against medically
attended RSV-associated lower respiratory tract
infections in healthy preterm and term infants
(i.e., infants who are not currently eligible for
RSV prophylaxis with palivizumab) in their first
RSV season.

Nirsevimab has an extended half-life of ap-
proximately 71 days.” It therefore has the poten-
tial to provide protection to all infants if it is
administered in a program similar to programs
used for vaccines.''* HARMONIE is an ongoing
phase 3b, open-label, two-group, randomized
trial that is being conducted in France, Germany,
and the United Kingdom, in conditions similar
to those in routine clinical practice, to determine
the efficacy and safety of a single intramuscular
injection of nirsevimab as compared with stan-
dard care in preventing RSV-associated hospital-
izations in infants 12 months of age or younger
who are not eligible to receive palivizumab.

METHODS

PARTICIPANTS

Healthy infants who were 12 months of age or
younger, had been born at a gestational age of
29 weeks or more, and were entering their first
RSV season were eligible for inclusion. Infants
could be born before or during the RSV season,
which began on September 11, 2022 (week 37),
in France; on October 9, 2022 (week 41), in Ger-
many; and on September 4, 2022 (week 36), in
the United Kingdom. The RSV season ended on
February 28, 2023, in each country.””?

In order to minimize the interference of the
trial with routine practice, one of the exclusion
criteria was eligibility to receive palivizumab,
since the intention was to recruit a wide range
of infants who were not currently eligible for
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RSV prophylaxis with palivizumab. Other inclu-
sion and exclusion criteria are described in the
Supplementary Appendix, available with the full
text of this article at NEJM.org.

TRIAL DESIGN AND OVERSIGHT
Infants were recruited into the HARMONIE trial
at 235 sites in France, Germany, and the United
Kingdom from August 8, 2022, through February
28, 2023. Interactive response technology was
used to randomly assign eligible infants central-
ly, in a 1:1 ratio, to receive a single intramuscu-
lar injection of nirsevimab (50 mg for infants
weighing <5 kg and 100 mg for those weighing
>5 kg) or standard care (no intervention), with
stratification according to country and age group
(£3.0 months, >3.0 to 6.0 months, and >6.0
months) at randomization. Beginning on day 1
(the day of randomization and nirsevimab injec-
tion) (Fig. S1 in the Supplementary Appendix,
available at NEJM.org), all the infants were moni-
tored remotely for safety events (including hospi-
talization for lower respiratory tract infection)
by assessment of reports entered by their parents
or legally acceptable representatives into electron-
ic diaries and by digital assessment of infant
health records. During the first 6 months after
randomization, parents or legally acceptable
representatives received monthly automated re-
minders to enter reports into the electronic dia-
ries. The investigators at the trial sites reviewed
the reports and interviewed the parents or legal-
ly acceptable representatives for further infor-
mation if necessary. The parents or legally ac-
ceptable representatives of all the infants will be
followed up by telephone on day 366 (the trial is
ongoing) to collect information about safety events
that may have occurred since day 181, when
parents and legally acceptable representatives
last entered information in the electronic diary.

Infants with lower respiratory tract infection
whose treating physician admitted them to the
hospital for inpatient care underwent diagnostic
testing for RSV (with the use of a test that ac-
corded with hospital policy) as part of routine
practice. Parents and legally acceptable represen-
tatives were provided with a card to give to the
treating physician to encourage RSV testing if
testing had not been performed and to facilitate
the transfer of data to the trial sites.

This trial was designed by the last author
with input from other authors and from Sanofi,
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a trial sponsor. The trial was performed in com-
pliance with the International Council for Har-
monisation guidelines for Good Clinical Prac-
tice and with the principles of the Declaration
of Helsinki. We obtained informed consent from
the parents or legally acceptable representatives
of all the infants before any trial procedures
were performed. Information about data privacy
is provided in the Supplementary Appendix.

The trial protocol (available at NEJM.org) and
any amendments were approved by the appro-
priate independent ethics committee or institu-
tional review board at each participating site and
by the relevant regulatory agencies in each coun-
try in accordance with local regulations. Data
were collected by the HARMONIE Study Group
and were analyzed by Sanofi in collaboration
with the authors. The authors vouch for the ac-
curacy and completeness of the data and for the
fidelity of the trial to the protocol. A medical
writer funded by Sanofi wrote the first draft of
the manuscript, which was then edited by all the
authors. All the authors approved the decision to
submit the manuscript for publication. The trial
was funded by AstraZeneca and Sanofi. There
were no prior agreements concerning confiden-
tiality of the data between the sponsor and the
authors or the authors’ institutions.

END POINTS

The trial end points accorded with the European
Medicines Agency guidelines on the clinical eval-
uation of medicinal products indicated for RSV
prophylaxis.? The primary end point was hospi-
talization for RSV-associated lower respiratory
tract infection, defined as admission to the
hospital on the basis of the treating physician’s
decision and confirmation of RSV by means of a
positive result of a test performed in accordance
with routine practice, during the RSV season in
France, Germany, and the United Kingdom.
Secondary end points included very severe RSV-
associated lower respiratory tract infection (de-
fined as hospitalization for RSV-associated lower
respiratory tract infection with an oxygen satu-
ration <90% [in accordance with the World
Health Organization case definition®'] at any time
during hospitalization and the need for supple-
mental oxygen), hospitalization for RSV-associ-
ated lower respiratory tract infection in each
country, and hospitalization for lower respira-
tory tract infection from any cause.

Adverse events were assessed throughout the
trial. Nonserious adverse events were assessed
through day 31, and adverse events of special
interest, medically attended adverse events, and
serious adverse events were assessed for up to 12
months after randomization. Adverse events of
special interest were hypersensitivity reactions,
including anaphylaxis, immune complex disease,
and thrombocytopenia. Medically attended ad-
verse events were events that prompted the infant’s
parents or legally acceptable representatives to
seek unplanned in-person medical advice in any
clinical setting.

MITIGATION OF BIAS

Several steps were taken to mitigate bias associ-
ated with the open-label design of the trial. These
steps included the use of strictly defined end
points (i.e., hospitalization for RSV-associated
lower respiratory tract infection and very severe
RSV-associated lower respiratory tract infection),
the use of standardized electronic diary questions,
the training of parents and legally acceptable
representatives about how to report efficacy and
safety data in the electronic diary and about the
importance of reporting every relevant event,
and the use of systematic procedures to report
efficacy and safety data to the sponsor during
follow-up.

The treating physician was rarely an investi-
gator, and although an unknown number of
parents and legally acceptable representatives
may have made the treating physician aware of
the trial, we believe that the risk of bias was
low with respect to the primary end-point
analysis because the treating physician’s deci-
sion to hospitalize an infant for lower respira-
tory tract infection was made solely on clinical
grounds. Since the end of the coronavirus dis-
ease 2019 (Covid-19) pandemic, testing for re-
spiratory viruses, including RSV, with the use of
molecular tests such as the polymerase-chain-
reaction assay has been the standard of care for
children hospitalized for lower respiratory tract
infection in the United Kingdom, France, and
Germany. In our trial, the decision to hospital-
ize an infant was made before the treating
physician knew the result of the RSV test. Point-
of-care RSV tests, where available, were used to
aid in patient care but were administered only
after the decision to hospitalize the infant had
been made.
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STATISTICAL ANALYSIS

On the basis of the reported incidence of hospi-
talization for RSV-associated lower respiratory
tract infection in France, Germany, and the
United Kingdom,?”** and assuming a mean over-
all incidence of 1.1% in the standard-care group,
we calculated that enrollment of 9620 infants in
each of the three countries (28,860 infants over-
all) would provide the trial with 90% power to
detect a nirsevimab efficacy of 60% in each
country, at a two-sided alpha level of 1.66% and
with the use of Bonferroni correction for multi-
ple comparisons. However, the primary end point
was prespecified to be assessed as an event-
driven analysis when at least 61 infants had been
hospitalized for RSV-associated lower respiratory
tract infection in the three countries combined,
but no later than April 30, 2023. The trial was
closed to recruitment on February 28, 2023; 71
primary end-point events had occurred by this
date, which was used as the data-cutoff date for
the initial event-driven primary analysis.

The primary and key secondary efficacy end
points were assessed in a hierarchical procedure.
If the superiority of nirsevimab was shown for
the primary end point, we calculated P values for
the first secondary end point (very severe RSV-
associated lower respiratory tract infection), con-
trolling for family-wise type 1 error. If superior-
ity for the first secondary end point was shown,
we calculated P values for the second secondary
end point (hospitalization for RSV-associated
lower respiratory tract infection in each coun-
try), controlling for family-wise type 1 error and
adjusting for multiple testing with the use of the
Bonferroni-Holm procedure. Statistical analysis
of other secondary end points were not adjusted
for multiplicity, so the widths of the 95% confi-
dence intervals should not be used in place of
hypothesis testing.

The final analysis will be performed when
all the enrolled infants complete the scheduled
12-month safety follow-up, which is ongoing.
Additional details are provided in the Supple-
mentary Appendix.

RESULTS

PARTICIPANTS

By February 28, 2023, we had randomly assigned
8058 infants to receive nirsevimab (4037 infants)
or standard care (4021 infants) (Fig. S2). At the

time of randomization, 946 infants (23.4%) in
the nirsevimab group and 963 (23.9%) in the
standard-care group were neonates (<28 days of
age). A total of 2177 of the infants (27.0%) were
enrolled in France, 1789 (22.2%) were enrolled
in Germany, and 4092 (50.8%) were enrolled in
the United Kingdom. In the nirsevimab group,
23 infants (0.6%) did not receive the assigned
drug, and 16 (0.4%) discontinued the trial, most
of whom (15 infants) were withdrawn volun-
tarily. Nearly all the infants who received nirsevi-
mab (3998 [99.6%)]) received it during the RSV
season. In the standard-care group, 1 infant
(<0.1%) received nirsevimab because of an error
in reading the randomization notification, and
16 (0.4%) discontinued the trial, most of whom
(11 infants) were withdrawn voluntarily.

The characteristics of the infants at random-
ization were similar in the two trial groups
(Table 1). The sample included a slightly higher
percentage of preterm infants (<37 weeks of
gestational age) than would otherwise be ex-
pected globally and in countries in Europe or
other regions with social development goals
similar to those in France, Germany, and the
United Kingdom (Table S1). Nonetheless, 85.2%
of the infants had a gestational age of 37 weeks
or more at birth, which makes our findings gen-
eralizable to the wider infant birth cohort.

EFFICACY

Hospitalization for RSV-associated lower respi-
ratory tract infection occurred in 11 infants
(0.3%) in the nirsevimab group (1 event per 1000
person-months) and in 60 (1.5%) who received
standard care (6 events per 1000 person-months),
which corresponded to an efficacy of 83.2%
(95% confidence interval [CI], 67.8 to 92.0;
P<0.001) for nirsevimab during the 2022-2023
RSV season. The superior efficacy of nirsevimab
over standard care (83.3%; 95% CI, 68.2 to 91.2)
as assessed in a time-to-first-event analysis with
the use of a Cox proportional-hazards regression
model was consistent with that of the primary
efficacy analysis (Fig. 1). Analyses of subgroups
defined according to age group at randomiza-
tion (£3.0 months, >3.0 to 6.0 months, or >6.0
months), weight at randomization, gestational
age, sex, and the timing of randomization (be-
fore or during the RSV season) showed efficacy
estimates similar to that of the primary efficacy
analysis (Fig. 2).
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Very severe RSV-associated lower respiratory
tract infection occurred in 5 infants (0.1%) in the
nirsevimab group (<1 event per 1000 person-
months) and in 19 (0.5%) who received standard
care (2 events per 1000 person-months), which
corresponded to an efficacy of 75.7% (95% CI,
32.8 t0 92.9; P=0.004) for nirsevimab during the
RSV season. Two of the 5 infants in the nirsevi-
mab group were admitted to an intensive care
unit, but neither infant received mechanical venti-
lation; 4 of the 5 infants had bronchiolitis; no
further information other than lower respiratory
tract infection was available for 1 infant. Five of
the 19 infants in the standard-care group were
admitted to the intensive care unit, and in 1 of
the 5 infants the trachea was intubated and the
infant received mechanically ventilated support;
15 of the 19 infants had bronchiolitis; no further
information other than lower respiratory tract
infection was available for the remaining 4 in-
fants. The superior efficacy of nirsevimab over
standard care (75.4%; 95% CI, 34.0 to 90.8) when
assessed in a time-to-first-event analysis with
the use of a Cox proportional-hazards regression
model was consistent with that of the primary
efficacy analysis of very severe RSV-associated
lower respiratory tract infection (Fig. 3).

The efficacy of nirsevimab in preventing hos-
pitalization for RSV-associated lower respiratory
tract infection was also shown independently in
France (89.6% [adjusted 95% CI, 58.8 to 98.7];
multiplicity-adjusted P<0.001), Germany (74.2%
[adjusted 95% CI, 27.9 to 92.5]; multiplicity-
adjusted P=0.006), and the United Kingdom
(83.4% [adjusted 95% CI, 34.3 to 97.6]; multiplic-
ity-adjusted P=0.003). The superior efficacy of
nirsevimab over standard care in France (89.4%;
adjusted 95% CI, 54.1 to 97.5), Germany (74.2%;
adjusted 95% CI, 30.6 to 90.4), and the United
Kingdom (83.5%; adjusted 95% CI, 32.9 to 96.0)
as assessed in a time-to-first-event analysis with
the use of a Cox proportional-hazards regression
model was consistent with that in the primary
efficacy analysis for each country (Fig. S3).

Hospitalization for lower respiratory tract
infection from any cause during the RSV season
occurred in 45 infants (1.1%) in the nirsevimab
group (4 events per 1000 person-months) and in
98 (2.4%) in the standard-care group (10 events
per 1000 person-months). These findings cor-
responded to a nirsevimab efficacy of 58.0%
(nominal 95% CI, 39.7 to 71.2).
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Table 1. Demographic Characteristics of the Infants at Randomization.*

Characteristic
Age
Mean — mo.
Distribution — no. (%)
<3.0 mo
>3.0to0 6.0 mo
>6.0 mo
Sex — no. (%)
Male
Female
Gestational age at birth
Mean — wk
Distribution — no. (%)
<37 wk
237 wk
Data missing
Weight
Mean — kg
Distribution — no. (%)
<5 kg
=5 kg
Neonate — no. (%)
Yes
No
Born during the RSV season — no. (%)§
In France
In Germany
In the United Kingdom
Born before the RSV season — no. (%)§
In France
In Germany
In the United Kingdom
Country — no. (%)
France
Germany
United Kingdom

Nirsevimab
(N=4037)

4.53+3.34

1962 (48.6)F
959 (23.8)
1116 (27.6)

2087 (51.7)
1950 (48.3)

38.84+2.28

567 (14.0)
3434 (85.1)
36 (0.9)

5.97+2.30

1537 (38.1)
2500 (61.9)

946 (23.4)
3091 (76.6)
2001 (49.6)
725
392
884
2036 (50.4)
365
503
1168

1090 (27.0)
895 (22.2)
2052 (50.8)

Standard Care

(N=4021)

4.48+3.30

1954 (48.6)
953 (23.7)
1114 (27.7)

2108 (52.4)
1913 (47.6)

38.93+5.35

541 (13.5)
3434 (85.4)
46 (1.1)

5.92+2.27

1524 (37.9)
2497 (62.1)

963 (23.9)
3058 (76.1)
2025 (50.4)
727
411
887
1996 (49.6)
360
483
1153

1087 (27.0)
894 (22.2)
2040 (50.7)

s

¢ Plus—minus values are means +SD. Data are from all the infants randomly

assigned to receive nirsevimab or standard care. A total of 2147 infants had at
least one event documented in their medical history. Nearly half these infants
were assessed as having infection, infestation, or both. Notable coexisting
conditions that were recorded at randomization included endocrine, cardio-
vascular, respiratory, gastroenterologic, musculoskeletal, and congenital,

familial, or genetic disorders.

T A total of 500 infants were 7 days of age or younger at randomization.
I Infants who were 28 days of age or younger at randomization were considered

to be neonates.

§ The RSV season began on September 11, 2022 (week 37), in France; on Octo-
ber 9, 2022 (week 41), in Germany; and on September 4, 2022 (week 36), in
the United Kingdom. The RSV season ended on February 28, 2023, in each

country.!71
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Follow-up (mo)
No. at Risk
Nirsevimab 4037 3559 2713 1695 698 190 24
Standard care 4021 3345 2456 1491 601 175 22
Figure 1. Hospitalization for RSV-Associated Lower Respiratory Tract Infection.
Shown are Kaplan—Meier curves of the time to hospitalization for respiratory syncytial virus (RSV)—associated lower
respiratory tract infection, defined as hospital admission and an RSV-positive test result, in all the infants randomly
assigned to receive nirsevimab or standard care. The efficacy was calculated as 1 minus the hazard ratio (expressed
as a percentage) from a Cox proportional-hazards model, with stratification according to age group and country at
randomization. The inset shows the same data on an expanded y axis.

SAFETY

Adverse events and serious adverse events that
occurred through the data-cutoff date are sum-
marized in Table 2. Most adverse events in the
two trial groups were grade 1 or 2 in severity.

DISCUSSION

The HARMONIE trial showed that the incidence
of hospitalization for confirmed RSV-associated
lower respiratory tract infection (primary end
point) and for very severe RSV lower respiratory
tract infection during the 2022-2023 RSV season
was significantly lower with administration of
one dose of nirsevimab than with standard care.
This trial enrolled infants in France, Germany,
and the United Kingdom and was performed in
conditions that approximated real-world set-
tings. No substantial safety concerns were iden-
tified in this trial, nor have they been identified
across the growing clinical experience with nir-
sevimab, which now includes more than 7500
infants.101227

In this pragmatic trial, which was designed
to assess the safety and efficacy of nirsevimab
in conditions approximating real-world settings,
the efficacy of nirsevimab in reducing hospital-
izations for RSV-associated lower respiratory tract
infection (83.2%) was similar to that reported in
the previous trials that assessed nirsevimab ef-
ficacy, which had only included previously unin-
fected infants.’®? Although the infants in our
trial were randomly assigned to receive nirsevi-
mab or standard care (no intervention), the trial
procedures were limited in scope, and the meth-
od of data collection minimized the effect of the
trial on the infants and their parents or legally
acceptable representatives, in order to mimic
real-world settings. The trial settings included
maternity wards, community pediatrician offices,
and general practices. We encouraged the ad-
ministration of routine vaccinations simultane-
ously with nirsevimab when the infants’ age and
clinical context were appropriate (no vaccine—
drug interactions were expected®), including dur-
ing the RSV season, a practice that differed from
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Nirsevimab Standard Care
no. of infants with event/total no. (%)

Subgroup

Age at randomization

Efficacy (95% Cl)

——=— 89.6 (73.8 to 96.8)

<3.0mo 5/1962 (0.3) 43/1954 (2.2)

>3.0t0 6.0 mo 4/959 (0.4) 9953 (0.9)

>6.0 mo 2/1116 (0.2)  8/1114 (0.7)
Weight at randomization

<5kg 7/1537 (0.5) 35/1524 (2.3)

>5 kg 4/2500 (0.2)  25/2497 (1.0)
Gestational age

<37 wk 4/567 (0.7)  17/541 (3.1)

=37 wk 7/3434 (0.2) 41/3434 (1.2)
Sex

Male 7/2087 (0.3) 37/2108 (1.8)

Female 4/1950 (0.2) 23/1913 (1.2)

Timing of randomization
During the RSV season 11/4020 (0.3)  59/4001 (1.5)
Before the RSV season 0/17 (0.0) 1/20 (5.0)

| 58.7 (-47.910 90.7)
' I 76.5 (-17.9 t0 97.6)

1 82.1(59.1t093.3)
=1 852 (57.0t096.2)

=1 783 (33.5t0947)
1 84.4 (64.9 t0 94.1)

=1 82.4(60.0to 93.4)
b————=—  84.4 (54.2t0 96.1)

= 83.0(67.3t091.9)
NC

]
-50

T T T T 1
-25 0 25 50 75 100

Standard Care Better

Nirsevimab Better

Figure 2. Hospitalization for RSV-Associated Lower Respiratory Tract Infection According to Subgroup.

Shown are subgroup analyses of the incidence of hospitalization for RSV-associated lower respiratory tract infection
in all the infants randomly assigned to receive nirsevimab or standard care. The efficacy of nirsevimab in preventing
hospitalization for RSV-associated lower respiratory tract infection during the RSV season was calculated as 1 minus
the incidence rate ratio and is expressed as a percentage. Of the 2036 infants born before the 2022-2023 RSV season
who were randomly assigned to receive nirsevimab, 8 did not receive the treatment, 17 were treated before the sea-
son, and 2011 were treated during the season. The two-sided 95% confidence intervals for efficacy were calculated
by an exact method described by Breslow and Day? and accounted for the follow-up time after randomization. The
efficacy analysis was not computed (NC) if there were fewer than five events in the nirsevimab and standard-care
groups combined and no events in the standard-care group alone.

that in the previous efficacy trials, in which
nirsevimab was administered before or at the
beginning of the RSV season.'*?

Analyses of subgroups defined according to
the age at randomization of 3.0 months or
younger, weight at randomization, gestational
age, and sex showed consistent efficacy favoring
nirsevimab, findings similar to those in the
previous efficacy trials.’®!! The wider variability
in the efficacy estimates in the two older age
groups (>3.0 to 6.0 months and >6.0 months) is
probably a reflection of the low number of pri-
mary end-point events in those two age groups.
However, the lower incidence of hospitalization
for RSV-associated lower respiratory tract infec-
tion among children older than 6 months of age
in the nirsevimab and standard-care groups will
be an important cost-effectiveness consideration.
The efficacy of nirsevimab was also consistent
in the three participating countries, which sug-
gests that the benefits of nirsevimab are main-

tained irrespective of differences in clinical prac-
tice settings. Thus, the findings of our pragmatic
trial should be applicable in other countries.
The HARMONIE trial was designed to be an
event-driven trial. The initial plan was to enroll
28,860 infants, a sample that was based on a
number of factors, including country-specific
epidemiologic data from previous RSV seasons,
the use of a conservative incidence estimate
(1.1%) for the primary end-point event, and an
expected nirsevimab efficacy that would provide
sufficient power for the assessment of hospital-
ization for RSV-associated lower respiratory tract
infection at the country level.?** The attack rate
of RSV-associated lower respiratory tract infec-
tion during the trial period (2022-2023 RSV
season), which occurred after the relaxation of
nonpharmaceutical interventions to prevent re-
spiratory infection that were imposed during the
Covid-19 pandemic, was higher than we expect-
ed. Owing to the attack rate and to the expected
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Figure 3. Very Severe RSV-Associated Lower Respiratory Tract Infection.
Shown are Kaplan—Meier curves of the time to very severe RSV-associated lower respiratory tract infection, defined
as hospitalization for RSV-associated lower respiratory tract infection with an oxygen saturation of less than 90% at
any time during hospitalization and the need for supplemental oxygen, in all the infants randomly assigned to re-
ceive nirsevimab or standard care. The efficacy was calculated as 1 minus the hazard ratio (expressed as a percent-
age) from a Cox proportional-hazards model, with stratification according to age group and country at randomiza-
tion. The inset shows the same data on an expanded y axis.

nirsevimab efficacy prespecified in the protocol,
the minimum number of primary end-point
events needed to perform the primary analysis
was reached by February 2023 (with enrollment
paused so that the primary analysis could be
conducted), when 8058 infants had undergone
randomization. The HARMONIE trial also pro-
vided confirmation that RSV contributes to a
sizable percentage of hospitalizations for lower
respiratory tract infections from any cause, as
shown in the standard-care group (61% of
hospitalizations [60 of 98]). In addition, the
HARMONIE trial built on data from previous
trials, which showed the efficacy and safety of
nirsevimab with respect to medically attended
RSV-associated lower respiratory tract infec-
tion,'*? by showing the efficacy of nirsevimab
in reducing hospitalization for RSV-associated
lower respiratory tract infection, which is a key
driver of health care resource utilization associ-
ated with this disease.

The limitations of the HARMONIE trial and
the primary-analysis data presented here include
the short duration (approximately 3 months for

the majority of infants) of the efficacy assess-
ment and safety follow-up; the trial is ongoing,
with a planned follow-up period of at least 12
months after randomization, during which ad-
ditional data will be collected. The trial design
did not include blinding of the group assign-
ments; the parents and legally acceptable repre-
sentatives knew whether their infant had re-
ceived nirsevimab or standard care. Whether this
affected health care—seeking behavior or RSV
testing behavior is not known; however, as de-
scribed above, we took several steps to mitigate
bias associated with the open-label design of the
trial. The same number of infants in the nirsevi-
mab and standard-care groups discontinued the
trial, and the adverse event profile as reported by
the parents and legally acceptable representatives
was similar in the two trial groups, which sug-
gests that bias was minimal. Finally, infants with-
out lower respiratory tract infection may have been
hospitalized for reasons related to RSV infection,
such as dehydration, and among 158 infants
hospitalized for lower respiratory tract infection
for any cause, 16 did not undergo RSV testing.
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Table 2. Adverse Events through the Data-Cutoff Date (Safety Analysis Population).

Adverse Events

Any event
Immediate event: <30 min after injection
Treatment-related event
Grade 3 event
Event of special interest*
Serious eventy
Serious treatment-related event
Medically attended event:
Any

Skin and subcutaneous tissue disorders

General disorders and administration site conditions

Overall
Pyrexia

Infections and infestations
Overall
Nasopharyngitis
Bronchiolitis
Conjunctivitis
Viral infection
Ear infection
Upper respiratory tract infection
Rhinitis

Bronchitis

Respiratory, thoracic, and mediastinal disorders

Overall

Cough

Rhinorrhea

Nasal congestion
Gastrointestinal disorders

Overall

Diarrhea

Gastroesophageal reflux disease

Nirsevimab

(N=4015)

Standard Care

(N=4020)

number of infants (percent)

1479 (36.8)
26 (0.6)
86 (2.1)
48 (1.2)

3(0.1)
89 (2.2)
1 (<0.1)

1185 (29.5)
94 (2.3)

1326 (33.0)

A
g4 9O~
—
=

(
0
0
(1.1)
(
(1.
0

1102 (27.4)
89 (2.2)

151 (3.8)
42 (1.0)
1(1.0)

* Four infants had at least one adverse event of special interest (drug reaction [reported as fever and rash], maculopapu-
lar rash, and allergic dermatitis in 1 infant each in the nirsevimab group and food allergy in 1 infant in the standard-

care group), all of which were assessed to be grade 1 or 2 in severity.

T One infant had a grade 3 serious adverse event (infantile spasms [West syndrome]) 23 days after the receipt of nirsevi-
mab that was considered to be related to the trial treatment because the relationship to nirsevimab could not be excluded;
however, the occurrence of this event was within the expected background rate for a trial of this size.?® Two infants dis-
continued the trial because of safety events: 1 infant in the nirsevimab group had a serious adverse event (facial bruis-
ing, considered by the treating physician to be a nonaccidental injury) that was not related to the trial treatment, and
1 infant in the standard-care group had a nonserious adverse event (grade 2 bronchiolitis, for which the infant received
palivizumab and was therefore withdrawn from the trial) within 30 days after randomization. All the medically attended

adverse events occurred in a similar percentage of infants in each trial group. No deaths were reported.

I Medically attended events are listed according to system organ classes and preferred terms in the Medical Dictionary
for Regulatory Activities, version 25.0, and include those that occurred in at least 1% of infants in at least one of the two

trial groups.
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The HARMONIE trial showed that nirsevimab
prevented hospitalization for RSV-associated
lower respiratory tract infection and very severe
RSV-associated lower respiratory tract infection
in a broad population of healthy preterm and
term infants under conditions as similar as pos-
sible to real-world settings. The trial also showed
that the safety profile of nirsevimab was favor-
able. These findings suggest that nirsevimab has
the potential to reduce the burden of hospital-
ization for RSV-associated lower respiratory tract
infection among infants.
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