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Summary

Background The cost-effectiveness of immunisation strategies with a long-acting monoclonal antibody (nirsevimab)
and/or a protein-based maternal vaccine (RSVpreF) for protecting infants from Respiratory Syncytial Virus (RSV)-
associated illness has not been previously determined for Canada. We estimated the health benefits and cost-
effectiveness of nirsevimab for immunising the entire birth cohort, regardless of gestational age or other risk
factors. Additionally, we evaluated the health benefits and cost-effectiveness of a combined strategy of year-round
vaccination of pregnant women with RSVpreF and immunisation of infants at high risk, including those born
preterm or with chronic conditions, with nirsevimab during the RSV season.

Methods We developed a discrete-event simulation model, parameterized with the data on medically-attended RSV
infections among infants under one year of age from 2010 to 2019, including outpatient care, hospitalisations,
and deaths. Intervention scenarios targeting twelve monthly birth cohorts and pregnant women, reflecting the
2021 census data for Ontario, Canada were evaluated over a follow-up time horizon of one year from birth.
Taking into account the costs (in 2023 Canadian dollars) associated with RSV-related outcomes, we calculated the
net monetary benefit using the quality-adjusted life-year (QALY) gained. Further, we determined the range of
price-per-dose (PPD) for nirsevimab and RSVpreF within which the program was cost-effective. Cost-effectiveness
analyses were conducted from both healthcare and societal perspectives.

Findings Using a willingness-to-pay of CAD$50,000 per QALY gained, we found that immunising the entire birth
cohort with nirsevimab would be cost-effective from a societal perspective for a PPD of up to $290, with an
annual budget impact of $83,978 for 1113 infants per 100,000 population. An alternative, combined strategy of
vaccinating pregnant women and immunising only infants at high risk of severe disease would lead to a lower
budget impact of $49,473 per 100,000 population with a PPD of $290 and $195 for nirsevimab and RSVpreF
vaccine, respectively. This combined strategy would reduce infant mortality by 76%-85%, comparable to a 78%
reduction achieved through a nirsevimab-only program of the entire birth cohort. The PPD for cost-effective
programs with nirsevimab was sensitive to the target population among infants.

Interpretation Passive immunisation of infants under 6 months of age with nirsevimab and vaccination of pregnant
women with RSVpreF could be a cost-effective strategy for protecting infants during their first RSV season.
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Research in context

Evidence before this study

Prevention of RSV disease in infants under 1 year of age has
relied on palivizumab, a short-acting monoclonal antibody,
administered monthly to infants at high risk of severe
outcomes during the period in which RSV is circulating in
annual epidemics. New preventive measures including
nirsevimab (a long-acting monoclonal antibody for passively
immunising infants) and RSVpreF (a protein-based vaccine for
immunising pregnant women) have been developed to
reduce the risk of severe RSV illness in the first six months of
life.

We searched MEDLINE and SCOPUS, supplemented with
internet searches (Google), to identify any studies evaluating
the health benefits and cost-effectiveness of nirsevimab and
RSVpreF vaccine against RSV disease among infants in Canada
from January 2018 to May 2023. We used the terms “cost-
effectiveness”, “nirsevimab”, “RSVpreF”, “infant”, and “long
acting monoclonal antibody” to identify studies restricted to
Canada. Our search, conducted in May 2023, identified only
one study evaluating the effectiveness and cost-effectiveness
of immunising infants with long-acting monoclonal antibody
and vaccinating pregnant women, which is specific to
Nunavik, a small Inuit population in the Canadian Arctic
region, with a significant burden of RSV disease. We found no

Introduction

Respiratory Syncytial Virus (RSV) is the most common
cause of lower respiratory tract illness (LRTI) in children
under five years old worldwide.”” with the highest
burden in the first six months of life. In high income
countries, 1-2% of the birth cohort is hospitalised for
care of RSV-associated illness. The case fatality rate of
hospitalised children can reach up to 2.8%.' The direct
(e.g., outpatient and inpatient care) and indirect (e.g.,
loss of productivity, parental costs, and psychological
health) costs of RSV disease among infants are
substantial.*”

In the absence of a preventive vaccine, efforts to curb
the burden of RSV among infants in the last two de-
cades have relied on passive immunisation with the
anti-RSV  monoclonal antibody palivizumab. Pal-
ivizumab is currently administered in five monthly
doses to infants at high risk of severe RSV disease,
including preterm infants and those with chronic con-
ditions, during the local RSV epidemic seasons.® With
the advent of structure-based vaccinology,’ preventive
interventions are being developed across active vaccine
and passive-immunising platforms with the aim of
passively protecting infants during the highest risk
period directly or through maternal immunisation. For
instance, nirsevimab is a long-acting monoclonal

prior study evaluating the health benefits and cost-
effectiveness of nirsevimab and RSVpreF vaccines in Canada
with recently available efficacy estimates from randomised
controlled clinical trials.

Added value of this study

Using a discrete-event simulation model, we found that
immunising the entire birth cohort with nirsevimab would be
cost-effective from a societal perspective for a price-per-dose
of up to $290. As a combined strategy, year-round
vaccination of pregnant women with RSVpreF at $195 per
dose, followed by immunising infants at high risk of severe
RSV disease with nirsevimab at $290 per dose had a lower
budget impact compared to immunising the entire birth
cohort during the RSV season, while averting similar RSV-
related infant mortality.

Implications of all the available evidence

Prevention strategies against RSV disease in infants using

nirsevimab and RSVpreF vaccine could be cost-effective. A
combined strategy of these interventions could reduce the
budget impact to the healthcare system compared to the

nirsevimab-only program.

antibody to the RSV fusion protein in its pre-fusion
conformation (preF)*'' that has been recently author-
ised for single dose administration to infants in Europe,
Canada, and the United States. Another strategy to
prevent RSV-associated illness in the first six months of
life is immunisation of pregnant women with a preF
RSV protein-based vaccine (RSVpreF), providing passive
immunisation to the newborn through transplacental
antibody transfer.'”” With the availability of these prod-
ucts, the landscape of RSV prevention and disease
burden is likely to change. However, feasibility and cost-
effectiveness of infant and maternal immunisation
programs will play an important role in recommenda-
tions for use, such as providing long-acting monoclonal
antibodies to the entire birth cohort during the RSV
season, targeting only infants at high risk of severe RSV,
vaccinating pregnant women, or a combination of these
strategies.

In this study, we aimed to conduct a comprehensive
cost-effectiveness analysis of RSV infant and maternal
immunisation strategies based on population de-
mographics in the Canadian south (i.e., southern prov-
inces of Canada excluding the three northern territories
and Nunavik in Quebec). We developed a discrete-event
simulation model of RSV outcomes and calculated
health benefits (i.e., reduction of RSV disease outcomes
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such as outpatient care, hospitalisation, and death), net
monetary  benefit (NMB), incremental cost-
effectiveness ratio (ICER), and the budget impact asso-
ciated with immunisation programs. Accounting for the
efficacy of nirsevimab and RSVpreF against RSV-related
outcomes in infants, as well as direct and indirect costs
of health outcomes and program implementation, we
performed cost-effectiveness analyses from both the
publicly funded health system (referred to as healthcare)
and societal perspectives.

Methods

Model structure and study population

We developed a discrete-event simulation model (Fig. 1)
with 1113 infants per 100,000 population as the birth
cohort, reflecting the 2021 census data for Ontario, Can-
ada.” Ontario is the most populous province in Canada
with a population of ~15.5 million.* Twelve monthly
birth cohorts were followed through the first year of their
life, categorised as preterm with <29 weeks of gestational
age (WGA), 29-32 wGA, 33-36 wGA,” and term infants
with 37+ wGA."*"” Preterm infants comprised ~9% of the
cohort, distributed as 7%, 17%, and 76% in the corre-
sponding wGA."> We also considered chronic lung disease
(CLD) and congenital heart disease (CHD) as two major
risk factors associated with RSV disease outcomes. The
rate of CLD was set to 28.1%, 4%, and 2.4% for wGA <29,
29-32, and 33-36, respectively, among preterm infants.'®
For CHD, we used an overall prevalence rate of 12.3 per
1000 live births in Canada.”

RSV-related outcomes

The model was parameterized with estimates of the
burden of RSV disease in different chronologic and
gestational age groups. The annual incidence of
medically-attended (MA) RSV cases per 100,000 popula-
tion was sampled from the range 1001 to 2439, and
distributed among infants under one year of age ac-
cording to estimated rates and seasonality distribution
(Supplementary Figure S1 and Table S2).” In our study,
MA RSV refers to outpatient care (i.e., office visit or
emergency department (ED) visit without hospital

Medically
attended

Symptomatic RSV

Non-medically
attended

admission) or inpatient care (i.e., hospital admission in
paediatric ward or intensive care unit, ICU). We consid-
ered the beginning of October as the start of RSV season,
recognizing that the RSV season varies geographically
and temporally (Supplementary Figure S3).72°

We allowed for a maximum of two MA RSV events
per infant during the first year of life,”' with a minimum
time-interval of three months between the two events if
the second episode occurred. The duration of symp-
tomatic RSV disease for those receiving outpatient care
was sampled between 5 and 8 days.”? Hospitalisation
rates for infants with MA RSV LRTI were based on their
age at incidence as well as their wGA (Supplementary
Figure S2 and Table S3). The likelihood of hospital-
isation increased by 1.9 and 2.2 times for infants with
CLD and CHD, respectively, compared to infants
without these conditions.?***

Among hospitalised cases, ICU admission varied in
the range 41.3%-62.1%, 13.1%-53.6%, and 5.4%-—
30.0% among infants of <32, 33-35, and >36 WGA,
respectively.”? For infants <32 wGA, the duration of
hospitalisation was sampled from Gamma distributions,
with mean values of 6.1 and 9.5 days stay in a paediatric
ward and ICU (Table 1), respectively.?>”* For infants
born at 33 or higher wGA, we sampled the duration of
stay in paediatric ward and ICU from Gamma distri-
butions with mean values of 3.9 and 5.2 days, respec-
tively (Table 1).»>** The probability of experiencing a
wheezing episode post hospitalisation was 0.31 during
the first year of life.”*”” The duration of a wheezing
episode ranged from 5.2 to 9.8 days.**** RSV-related
mortality for hospitalised infants without CLD or CHD
varied in the ranges 0.36%-3.3%, 0.02%-1.82%, and
0.02%-1% for infants of <32, 33-35, and 36 or higher
wGA, respectively.”* For hospitalised infants with CLD
and CHD, mortality rates were 3.5%-5.1% and 3.4%-—
5.3%, respectively.”

Costs of RSV-related outcomes

Direct costs borne by the healthcare system included
office visit, ED visit, hospitalisation, as well as 30 days’
follow up for hospitalised infants (Table 1). Indirect

Outpatient

(Office or ED visit)

Recovered
Non-ICU

Inpatient
(Hospitalization)

Recovered

Fig. 1: Structure of discrete-event simulation model applied to scenarios in the presence and absence of interventions with different outcomes.
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WGA® LoS® in paediatric ward: mean, distribution LoS® in ICU: mean, distribution References
<32 6.1, Gamma (12.71, 0.48) 9.5, Gamma (20.22, 0.47) 22,2526
>33 3.9, Gamma (6.08, 0.64) 5.2, Gamma (12.38, 0.42)

RSV-related outcome Mean disutility values Distribution

Without RSV 0.05 Beta (19.2, 364.6) 273t
Outpatient 0.16 Beta (53.6, 281.4)

Paediatric ward 0.41 Beta (109.7, 157.9)

ICU 0.60 Beta (159.4, 106.2)

Wheezing 0.04 Beta (14.1, 338.4)

Direct healthcare costs (Canadian $) Unit

Office visit $229 Per visit 2

ED visit $342 Per visit >
Paediatric ward $1491 Per day 25

IcU $3638 Per day B
Wheezing $229° Per visit »
Age at hospitalisation 30 days’ follow up costs

<29 days $1791 Per hospitalised infant /
29-89 days $1261

90 days to < 6 months $423

6 months to < 1 year $374

Other costs Indirect costs

Out-of-pocket expenses $118 Per day 2
Workdays loss $147 Per day 534
Loss of life $2,292,572 Per death Calculated
All costs are inflated to 2023 Canadian dollars. *Weeks of gestational age. PLength of stay. “Assumed to be the same as office visit.
Table 1: Model parameters used for cost-effectiveness analysis.

costs included out-of-pocket expenses, loss of produc-
tivity by parents, and monetary loss of life due to RSV-
related infant mortality. Out-of-pocket expenses for
families with hospitalised infants were estimated at
$118 per day for the duration of hospital stay to account
for transportation, over-the-counter medications, meals,
child care and other costs.’ Indirect costs related to
workdays lost for working parents (with an average
absenteeism of 49%)° were calculated using the per
capita personal income of CAD$53,675 per year (ie.,
~$147 per day) in Ontario.** We assumed total workdays
lost were equal to the length of stay for hospitalised
infants and one day for infants who required outpatient
care.” We considered the recommended 1.5% dis-
counting rate by the Canadian Agency for Drugs and
Technologies in Health,” with an average lifespan of 82
years. Each RSV-related death was estimated to have a
total discounted monetary loss of $2,292,572, calculated
using the annual personal income, and discounted
quality-adjusted life-year (QALY) loss of 45.3. All costs
were converted and inflated to 2023 Canadian dollars.

Infant and maternal RSV prevention strategies
Although year-round RSV activity was implemented in
the model according to reported incidence and

outcomes,”” we considered infant immunisation with
nirsevimab to start in October, corresponding to the
putative start of RSV season (Supplementary Figure S3).
Infants born off-season were immunised at the start of
the RSV season following their birth. Based on the
current recommendation for use of palivizumab, which
is directed at preterm and selected infants at high risk of
severe RSV disease,”” we evaluated the following pro-
gram options (Table 2) for passive immunisation with
nirsevimab: (i) preterm infants <32 wGA and infants
with CLD or CHD condition (L1); (ii) preterm infants
<36 wGA and infants with CLD or CHD condition (L2);
(iii) preterm infants (<36 wGA), infants with CLD or
CHD, and term infants born during RSV season (L3);
and (iv) the birth cohort (L4). The coverage for these
immunisation programs was set to 100% for the base-
case analysis, but reduced to 80% for the secondary
analysis (Supplementary Figures S5-S45 and Tables S6-
$39).

Maternal immunisation (MI) was implemented as a
year-round program, with vaccination of pregnant
women who are in their last trimester before gestation
week 33 (Supplementary Figure S3). In the base-case
analysis, vaccination coverage was set to 100%. For the
secondary analysis, we assumed a 60% coverage based
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Immunisation program Target population

Immunisation coverage

Basecase analysis Secondary analysis

LMI (combined strategy)

Pregnant women

L1 Infants <32 wGA, and infants with CLD or CHD 100% 80%

L2 Infants <36 WGA, and infants with CLD or CHD 100% 80%

L3 Infants <36 WGA, and infants >37 wGA born during the RSV season, 100% 80%
and infants with CLD or CHD,

L4 Birth cohort 100% 80%

Mi Pregnant women 100% 60%

Infants <32 wGA, and infants with CLD or CHD

WGA: weeks of gestational age; CLD: chronic lung disease; CHD: congenital heart disease.

80%
60%

100%
100%

Table 2: Summary of immunisation programs, target populations, and immunisation coverages.

on estimates of 2021 vaccination coverage against
influenza and pertussis in pregnant women in Canada.”

To evaluate the combination of nirsevimab and
RSVpreF, we implemented a program (LMI) that in-
cludes year-round vaccination of pregnant women fol-
lowed by administration of nirsevimab to infants at high
risk of severe RSV disease (i.e., preterm infants <32
wGA and infants with CLD or CHD condition) during
RSV season. Table 2 summarises all the immunisation
programs, target populations, and coverages for base-
case and secondary analyses.

Efficacy of nirsevimab and RSVpreF vaccine

We considered the efficacy of nirsevimab and RSVpreF
against MA RSV LRTI and severe RSV LRTI. Conser-
vatively, no efficacy against RSV infection or symptom-
atic RSV disease without medical attention was
assumed. The efficacy of a single dose of nirsevimab
against MA RSV-LRTI is estimated at 79.5% (95% CI:
65.9%-87.7%) through 150 days post-dose.”® Mean effi-
cacies against hospitalisation and very severe RSV LRTI
(used against ICU admission in our model) are esti-
mated at 77.3% (95% CI: 50.3%-89.7%) and 86% (95%
CI: 62.5%-94.8%), respectively.*

We employed a sigmoidal decay to temporally
disaggregate the constant efficacy values for up to 10
months,* while maintaining the same mean efficacy for
the first 5 months as estimated in clinical trials
(Supplementary Figure S4). As sensitivity analysis, we
used constant vaccine efficacy profiles with mean esti-
mates as reported in clinical trials, and a linear decline
beginning at 5 months post immunisation
(Supplementary Figure S4).

The efficacy of RSVpreF is estimated at 57.1% (95%
CI: 14.7%-79.8%) against MA RSV LRTI, 67.9% (95%
CI: 34.6%-84.2%) against hospitalisation, and 81.8%
(95% CI: 40.6%-96.3%) against severe MA RSV LRTI
(used against ICU admission in our model) for the first
90 days of life.’*>**> Similar to nirsevimab, we used a
sigmoidal decay to determine temporal vaccine efficacy
over 10 months, with the same mean efficacy as
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estimated in clinical trials for the first 3 months after
birth (Supplementary Figure S4). We also performed a
sensitivity analysis using constant vaccine efficacy pro-
files with mean estimates from clinical trials, and a
linear decline starting 3 months after birth
(Supplementary Figure S4).

Costs of RSV prevention strategies

We varied the single-dose cost of both nirsevimab and
RSVpreF between $50 and $1000 to determine the price
range within which an immunisation program would be
cost-effective. Costs associated with dose administration
was set to $15 for both infant and maternal
immunisation.”***

Cost-effectiveness analysis

To determine whether a program was cost-effective for a
given willingness-to-pay (WTP) threshold, we calculated
the net monetary benefit (NMB) by NMB = AEXxWTP -
AC, where AE represents QALYs gained using inter-
vention compared to no intervention, and AC is the
incremental costs.” A program was considered cost-
effective if it resulted in a positive NMB. In the pri-
mary analysis, we calculated the monetary value of
health using a WTP threshold of $50,000 per QALY
gain® In secondary analyses (Supplementary
Figures S5-S45 and Tables S6-S39), we considered a
lower threshold of $30,000” and a higher threshold of
$70,000°* corresponding to the per capita gross domestic
product in Canada. We also estimated the ICER for each
intervention as AC/AE, which provides a metric to
measure the additional costs required to gain one
QALY. Disutility values of RSV-related outcomes were
sampled individually for each RSV case from their
respective distributions (Table 1), and adjusted for the
duration of illness and outcomes.”~*' Utility values were
calculated as (1 — sampled disutility) and used to derive
total QALYs in each scenario by adding utility values
during the illness and outside the illness duration in one
year of life. We sampled a baseline disutility, and
calculated the utility without RSV (Table 1), accounting
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for non-RSV health related illnesses.”” When immuni-
sation was effective against MA RSV LRTI, preventing
outpatient, we considered adjusted utility values for the
duration of symptomatic RSV disease in non-MA in-
fants. The distribution of QALY loss calculated using
sampled disutility values were consistent with recent
estimates (Supplementary Figure S46).%

We considered both healthcare and societal per-
spectives for cost-effectiveness analyses. The healthcare
perspective included all direct medical costs of RSV-
related disease and the immunisation program during
the first year of life. In the base-case analysis, the soci-
etal perspective incorporated direct and indirect costs in
the calculation of NMB and ICER, including produc-
tivity loss of parents, without considering the monetary
loss of life due to RSV-related infant mortality. In the
secondary analysis, we also included the monetary loss
of life due to infant mortality in the societal perspective.
Based on the results of cost-effectiveness analyses, we
determined the budget impact of each immunisation
program as the difference between immunisation costs
and the total direct healthcare savings achieved in the
program.

Model implementation

For each scenario, the model was simulated stochasti-
cally using Monte-Carlo sampling for a total of 1000
realisations. All parameters were sampled from their
respective distributions and individually for each infant,
thus probabilistically accounting for the sensitivity of the
model outcomes with respect to input parameters. For
parameters for which a statistical distribution was un-
known, we sampled uniformly from the estimated
ranges. Point estimates of the model outcomes reflected
the mean value of the 1000 Monte Carlo simulations.
The uncertainty around the point estimates were
derived using a nonparametric, bias-corrected and
accelerated bootstrap technique with 1000 replicates,
and 95% confidence intervals for the mean of estimates
were constructed in scenarios evaluated. The computa-
tional model is available at https://github.com/affans/
rsv_costeffectiveness.

Ethics and guidelines

This study used publicly available estimates and data
sources and thus no ethics approval was required. We
followed guidelines set forth by the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS),"
and Canadian Agency for Drugs and Technologies in
Health.*

Role of the funding source

The funders had no role in the study design, input
collection or analysis, interpretation of results, or deci-
sion to submit the manuscript for publication.

Results

We estimated the reduction of health outcomes and
performed cost-effectiveness analyses of interventions
for twelve monthly birth cohorts per 100,000 population,
followed through the first year of their life.

Health outcomes with sigmoidal vaccine efficacy
profiles

For immunisation strategies in Table 2, we estimated
that L1 would reduce RSV-related outpatient care by
2.0% (95% CI: 1.99-2.01%) and inpatient care by 6.2%
(95% CI: 5.7%—6.6%) in the base-case analysis (Fig. 2A).
Program extension to all preterm infants in L2 provided
a marginal improvement in the reduction of outpatient
care at 5.9% (95% CI: 5.8%-5.9%) and inpatient care at
11.1% (95% CI: 10.6%—11.6%). L3 was associated with a
reduction of 38.9% (95% CI: 38.8%—-39.0%) outpatient
care and 61.2% (95% CI: 60.4%—62.1%) inpatient care.
Administration of nirsevimab to the entire birth cohort
in L4 reduced outpatient care by 63.4% (95% CI: 63.2%—
63.5%), and inpatient care by 79.3% (95% CI: 78.7%-
80.1%). The reduction in RSV-related infant mortality
was 24.3% (95% CI: 16.9%-33.2%) in L1, 36.3% (95%
CI: 26.8%—46.5%) in 12, 67.9% (95% CI: 58.8%77.3%)
in L3, and 77.8% (95% CI: 69.6%-85.3%) in L4
(Supplementary Table S6).

MI was estimated to reduce RSV-related outpatient
care by 34.0% (95% CI: 33.9%-34.2%), inpatient care by
72.8% (95% CI: 72.1%-73.5%), and death by 72.4%
(95% CI: 62.5%-81.9%) (Fig. 2A). For the immunisation
program combining administration of nirsevimab and
RSVpreF (LMI), we estimated a reduction of 35.2%
(95% CI: 35.0%-35.3%) for outpatient care, 74.1% (95%
CI: 73.5%-74.9%) for inpatient care, and 76.8% (95%
CI: 67.1%-85.8%) for death, compared with no inter-
vention (Supplementary Table S6).

Health outcomes with constant vaccine efficacy
profiles

In the base-case analysis, we estimated that L1 would
reduce RSV-related outpatient and inpatient care by
2.0% (95% CI: 1.99-2.02%) and 6.1% (95% CI: 5.7%-
6.6%), respectively (Fig. 2B). Program extension to all
preterm infants in L2 provided a reduction of 5.8% (95%
CI: 5.7%-5.8%) in outpatient care and 11.0% (95% CI:
10.5%-11.6%) for inpatient care. L3 was associated with
a reduction of 38.1% (95% CI: 38.0%-38.2%) in outpa-
tient care and 60.8% (95% CI: 60.0%-61.7%) for inpa-
tient care. Immunising the entire birth cohort with
nirsevimab in L4 reduced outpatient care by 62.3% (95%
CI: 62.1%-62.4%) and inpatient care by 78.9% (95% CI:
78.2%-79.6%). The reductions in RSV-related infant
mortality were estimated to be the same as the corre-
sponding nirsevimab immunisation programs using
sigmoidal vaccine efficacy profiles.

www.thelancet.com Vol 28 December, 2023


https://github.com/affans/rsv_costeffectiveness
https://github.com/affans/rsv_costeffectiveness
www.thelancet.com/digital-health

Articles

100

< 90 4 [CJu D2 L3 L4 M i

70 -
60 -
50
40 -
30
20
10

Reduction of outcome (%

.

HHII

Outpatient

W

Inpatient

Death

© 3
o
o 8
|

4 [COu O s e v |

D N ©
o O O
| |

Reduction of outcome (%)
N W s O
o O O o
1 | | |

—
o
1

o

|

utpatient

e

Inpatient

Death

Fig. 2: Overall reduction of RSV-related outpatient care (office and ED visits), inpatient care (paediatric ward and ICU admissions), and death
among infants under one year of age for standalone immunisation programs with nirsevimab (L1, L2, L3, L4) and RSVpreF (Ml), and combined
nirsevimab and RSV-preF immunisation program (LMI), compared to the scenario without any prevention strategy. Panel (A) and (B) corre-
spond to the sigmoidal and constant vaccine efficacy profiles, respectively.

MI was estimated to reduce RSV-related outpatient
care by 42.3% (95% CI: 42.19—42.4%), inpatient care by
80.6% (95% CI: 80.0%-81.29%), and death by 82.1% (95%
CI: 71.4%-88.9%) (Fig. 2B). For the combined immuni-
sation program, we estimated that LMI would reduce
outpatient care by 43.1% (95% CI: 43.0%—43.3%), inpa-
tient care by 81.3% (95% CI: 80.6%-81.9%), and death by
82.3% (95% CI: 74.0%-90.2%), compared with no
intervention (Supplementary Table S6).

Cost-effectiveness of standalone nirsevimab and
RSVpreF prevention programs

We determined the price-per-dose (PPD) of nirsevimab
below which the standalone infant immunisation pro-
grams were cost-effective at the WTP of $50,000 per
QALY gained. From a healthcare perspective (Table 3),
the maximum PPD for a positive NMB was $615 in L1,
and reduced to $375 in L2, $300 in L3, and $215 in L4
using sigmoidal vaccine efficacy profiles (Fig. 3C).
Corresponding to these PPDs, the probabilities of L1,
L2, L3, and L4 being cost-effective were 50%, 56%, 79%,
and 99%, respectively. For MI, the maximum PPD was
$160, at which the program was cost-effective with the
probability of 68%. From a societal perspective (Table 3)
with sigmoidal vaccine efficacy profiles, the maximum
PPD for a positive NMB was estimated to be $705 in L1,
$455 in L2, $385 in L3, and $290 in L4 (Fig. 3D). The
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probabilities of these programs being cost-effective at
their maximum PPD were 52%, 51%, 83%, and 55% in
L1, L2, L3, and L4, respectively. MI was cost-effective for
a PPD up to $200, with the probability of 87%.

Using constant vaccine efficacy profiles, we esti-
mated similar PPD for nirsevimab immunisation pro-
grams evaluated. From a healthcare perspective
(Table 4), the maximum PPD for a positive NMB was
$610 in L1, and reduced to $370 in L2, $295 in L3, and
$215 in L4 (Fig. 3E). Corresponding to these PPDs, the
probabilities of L1, L2, L3, and L4 being cost-effective
were 54%, 69%, 90%, and 86%, respectively. For MI,
the maximum PPD was $185 (Fig. 3E), with cost-
effectiveness probability of 81%. From a societal
perspective (Table 4) with constant vaccine efficacy
profiles, the maximum PPD for a positive NMB was
estimated to be $700 in L1, $450 in L2, $380 in L3, and
$285 in L4 (Fig. 3D). The probabilities of these pro-
grams being cost-effective at their maximum PPD were
55%, 58%, 82%, and 78% in L1, L2, L3, and L4,
respectively. MI was cost-effective for a PPD up to $235,
with the probability of 83%.

Cost-effectiveness of a combined nirsevimab and
RSVpreF prevention program

LMI was cost-effective for various combinations of PPD
values for nirsevimab and RSVpreF (Fig. 4). Here, we
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Prevention strategy

Maximum PPD, $ Incremental costs, $ (95% Cl)

QALYs gained (95% ClI)

ICER, $/QALY (95% Cl) Budget Impact per

100,000 population, $

Healthcare perspective
L1
L2
L3
L4
MI
Societal perspective
L1
L2
L3
L4
MI

615 1199 (-380 to 2700) 0.024 (0.018-0.032) 49,577 (-14,712 to 125,242) 1225
375 1648 (-105 to 3392) 0.036 (0.028-0.045) 45,924 (-2959 to 103,322) 1668
300 3235 (-163 to 6588) 0.094 (0.082-0.107) 34,331 (-1682 to 72,362) 3303
215 467 (-3878 to 4708) 0.111 (0.099-0.124) 4200 (-34,697 to 43,384) 503
160 4501 (764-8262) 0.109 (0.096-0.123) 41,321 (6800 to 78,174) 4546
705 1153 (-453 to 2725) 0.024 (0.018-0.032) 47,467 (-18,071 to 128,490) 4606
455 1779 (-119 to 3608) 0.036 (0.028-0.045) 49,618 (-3025 to 110,691) 9976
385 2705 (-1342 to 6703) 0.094 (0.082-0.107) 28,634 (-13,811 to 73,395) 52,738
290 5195 (68-10,285) 0.111 (0.099-0.124) 46,749 (597-95,262) 83,978
200 2816 (-1495 to 7037) 0.109 (0.096-0.123) 25,815 (-13,217 to 66,816) 49,066

All strategies were compared to the baseline with no intervention.

Table 3: Model estimates of cost-effectiveness analyses associated with infant and maternal immunisation programs as standalone prevention strategies from healthcare and
societal perspectives at the WTP of $50,000 per QALY gained using sigmoidal vaccine efficacy profiles.

considered maximum PPDs derived for L1 and L4
programs in combination with MI at which LMI pro-
gram was cost-effective (Tables 5 and 6). From a
healthcare perspective, at PPD of $615 for nirsevimab
with sigmoidal vaccine efficacy profiles, LMI was cost-
effective (NMB>0) for a PPD up to $140 for RSVpreF,
with probability of 100% at the WTP threshold of
$50,000 per QALY gained (Table 5). Reducing PPD for
nirsevimab to $215, LMI was cost-effective for a PPD up
to $155 for RSVpreF with the probability of 96%. From a
societal perspective, LMI with a PPD of $705 for nirse-
vimab and $180 for RSVpreF was cost-effective with the
probability of 98% (Table 5). LMI was also cost-effective
for a combination PPD of $290 and $195 for nirsevimab
and RSVpreF, respectively, with the probability of 95%.

With constant vaccine efficacy profiles, LMI was cost-
effective from a healthcare perspective at PPD of $610
for nirsevimab and $165 for RSVpreF, with the proba-
bility of 0.96% at the WTP threshold of $50,000 per
QALY gained (Table 6). Reducing PPD for nirsevimab to
$215, LMI was cost-effective at a PPD of $180 for
RSVpreF with the probability of 82%. From a societal
perspective, LMI with constant vaccine efficacy profiles
was cost-effective at a PPD of $700 for nirsevimab and
$215 for RSVpreF, with the probability of 78% (Table 6).
LMI was also cost-effective for a combination PPD of
$285 and $230 for nirsevimab and RSVpreF, respec-
tively, with the probability of 63%.

Budget impact

The total number of nirsevimab doses per 100,000
population was 38, 104, 582, and 1113 in L1, L2, L3, and
L4, respectively (Fig. 3A). For sigmoidal vaccine efficacy
profiles, the annual budget impact of these interventions
to the healthcare system would be $1225 in L1, $1668 in
L2, $3303 in L3, and $503 in L4 (per 100,000

population) at the maximum PPD estimated for each
program to be cost-effective (Table 3). For MI, the total
number of RSVpreF vaccine doses was 1113 per 100,000
population (Fig. 3A), resulting in an annual budget
impact of $4546 (per 100,000 population) to the
healthcare system. From a societal perspective, the
annual budget impact per 100,000 population was esti-
mated at $4606, $9976, $52,738, and $83,978 for PPD of
$705 in L1, $455 in L2, $385 in L3, and $290 in L4,
respectively (Table 3). The annual budget impact for MI
with a PPD of $200 would be $49,066 per 100,000
population.

For the combined immunisation program with
sigmoidal vaccine efficacy profiles, LMI was associated
with an annual budget impact of $467 per 100,000
population with PPD of $615 and $140 for nirsevimab
and RSVpreF, respectively (Table 5). When the PPD for
nirsevimab and RSVpreF changed to $215 and $155,
respectively, the budget impact of LMI was estimated at
$2135. From a societal perspective, the budget impact of
MLI per 100,000 population was estimated at $48,368
with a PPD of $705 and $180 for nirsevimab and
RSVpreF, respectively (Table 5). Changing the corre-
sponding PPDs to $290 and $195 resulted in a similar
budget impact of $49,473 per 100,000 population.

Using constant vaccine efficacy profiles, we esti-
mated the annual budget impact of infant immunisation
programs with nirsevimab to the healthcare system to
be $1144 in L1, $1330 in L2, $2354 in L3, and $3050 in
L4 per 100,000 population at the maximum PPD esti-
mated for each program to be cost-effective (Table 4).
MI resulted in a total annual budget impact of $4010 to
the healthcare system at the maximum PPD. From a
societal perspective, the annual budget impact per
100,000 population was estimated at $4525, $9637,
$51,790, and $80,960 for PPD of $700 in L1, $450 in L2,
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Fig. 3: Required doses of nirsevimab and RSVpreF per 100,000 population for immunisation strategies (A), with total purchasing costs (B), and
the estimated net monetary benefit (NMB) as a function of price-per-dose at the WTP threshold of $50,000 per QALY gained. Panels (C) and
(D) correspond to the analysis from healthcare and societal perspectives, respectively, with sigmoidal vaccine efficacy profiles. Panels (E) and (F)
correspond to the analysis from the healthcare and societal perspectives, respectively, with constant vaccine efficacy profiles. Note: in panel B,

curves for Ml and L4 are superposed.

$380 in L3, and $285 in L4, respectively (Table 4). The
annual budget impact for MI with a PPD of $235 would
be $59,660 per 100,000 population.

For the combined immunisation program with con-
stant vaccine efficacy profiles, LMI was associated with
an annual budget impact of $2099 per 100,000 popula-
tion with PPD of $610 and $165 for nirsevimab and
RSVpreF, respectively (Table 6). When the PPD for
nirsevimab and RSVpreF changed to $215 and $180,
respectively, the budget impact of LMI per 100,000
population was estimated at $3954. From a societal
perspective, the budget impact of MLI per 100,000
population was estimated at $61,130 with a PPD of $700
for nirsevimab and $215 for RSVpreF (Table o).
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Changing the corresponding PPDs to $285 and $230
resulted in a similar annual budget impact of $62,234
per 100,000 population.

Secondary analyses

The results of secondary analyses for reduced coverage
of nirsevimab and RSFpreF using both sigmoidal and
constant vaccine efficacy profiles, without and with
monetary loss of life due to RSV-related infant mortality,
are provided in the Supplementary Material. The
reduction of RSV-related infant mortality was 18%-25%
higher in the nirsevimab-only program with 80%
coverage of the birth cohort compared with the com-
bined program with 60% coverage of RSVpreF
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Prevention strategy

Maximum PPD, $

Incremental costs, $ (95% Cl)

QALYs gained (95% Cl)

Budget impact per
100,000 population, $

ICER, $/QALY (95% Cl)

Healthcare perspective
L1
L2
L3
L4
MI
Societal perspective
L1
L2
L3
L4
Ml

610
370
295
215
185

700
450
380
285
235

1117
1303

3017
3991

1114
1584

3439
3554

(_
(_
2311 (-
(_
(_

-
(-
2751 (-
(-
(-

397 to 2642)
443 to 3025)
1131 to 5714)
1327 to 7221)
45 to 8032)

507 to 2722)
332 to 3462)
1242 to 6664)
1753 to 8664)
1100 to 8303)

All strategies were compared to the baseline with no intervention.

0.024 (0.018-0.031)
0.036 (0.028-0.045)
0.094 (0.082-0.106)
0.110 (0.098-0.123)
0.117 (0.104-0.131)

0.024 (0.018-0.031)
0.036 (0.028-0.045)
0.094 (0.082-0.106)
0.110 (0.098-0.123)
0.117 (0.104-0.131)

46,135 (~15,407 to 123,253) 1144
36,306 (-11,975 to 91,544) 1330
24,716 (-11,905 to 63,068) 2354
27,348 (-11,810 to 67,888) 3050
34,041 (-362 to 71,355) 4010
45,987 (-19,668 to 127,807) 4525
44,162 (-8803 to 105,052) 9637
29,422 (-13,081 to 73,612) 51,790
31,187 (15,679 to 80,821) 80,960
30,317 (-9310 to 73,014) 59,660

Table 4: Model estimates of cost-effectiveness analyses associated with infant and maternal immunisation programs as standalone prevention strategies from healthcare and

societal perspectives at the WTP of $50,000 per QALY gained using constant vaccine efficacy profiles.
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Fig. 4: Net monetary benefit (NMB) of the combined infant and maternal immunisation program at the WTP of $50,000 per QALY gained as a
function of PPD for nirsevimab and RSVpreF. Panels (A) and (B) correspond to the analysis from healthcare and societal perspectives,
respectively, with sigmoidal vaccine efficacy profiles. Panels (C) and (D) correspond to the analysis from the healthcare and societal perspectives,
respectively, with constant vaccine efficacy profiles. Red circles correspond to the PPD values in Tables 5 and 6. The black line represents the
maximum PPD for RSVpreF vaccine and nirsevimab at which the combined strategy is cost-effective.
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Nirsevimab PPD, $ RSVpreF PPD, $

Incremental costs, $ (95% Cl)

QALYs gained (95% Cl) ICER, $/QALY (95% Cl)

Budget impact per
100,000 population, $

Healthcare perspective

615 140 432 (-3496 to 4245)

215 155 2041 (-1846 to 5892)
Societal perspective

705 180 650 (-3854 to 5042)

290 195 1738 (-2653 to 6132)

All strategies were compared to the baseline with no intervention.

0.112 (0.099-0.126)
0.112 (0.099-0.126)

3853 (-30,616 to 38,887)
18,193 (-16,004 to 54,135)

0.112 (0.099-0.126)
0.112 (0.099-0.126)

5797 (-33894 to 46,014)
15,511 (-23,306 to 56,333)

467
2135

48,368
49,473

Table 5: Model estimates of cost-effectiveness analyses associated with the combined infant and maternal immunisation program from healthcare and societal perspectives at the
WTP of $50,000 per QALY gained using sigmoidal vaccine efficacy profiles.

vaccination of pregnant women and 80% coverage of
infants at high risk with nirsevimab (Supplementary
Table S9). However, the annual budget impact of the
combined strategy per 100,000 population was at least
45% lower than the nirsevimab-only program for the
corresponding PPD estimates from a societal perspec-
tive (Supplementary Tables S10-S13). We also esti-
mated the reduction of direct healthcare costs
(outpatient and inpatient care) and indirect costs (loss of
productivity and out-of-pocket expenses) achieved from
interventions (Supplementary Tables S4 and S5). Our
results show that PPD for cost-effective programs with
nirsevimab is sensitive to the target groups among the
infant population, but remained relatively robust with
respect to the efficacy profiles of nirsevimab and the
coverage of immunisation.

Discussion

In this study, we evaluated the cost-effectiveness
immunisation programs against RSV disease using
nirsevimab administered to infants and RSVpreF vac-
cine administered to pregnant women as new preven-
tive measures. Seasonal administration of nirsevimab to
the entire birth cohort could be cost-effective at a suffi-
ciently low PPD. However, this strategy would entail a
substantial budget impact. For example, immunising an
entire birth cohort of 140,126 infants (i.e., average
number of births between 2010 and 2022)'*** in Ontario,

Canada, would require an annual budget impact of over
$10.6 million with the maximum PPD of $290 esti-
mated for nirsevimab from a societal perspective and a
WTP of $50,000 per QALY gained. We found that a
combined program of year-round vaccination of preg-
nant women with RSVpreF, followed by immunising
those infants at high risk of severe RSV disease with
nirsevimab was comparable to an extended nirsevimab-
only program for the entire birth cohort in reducing
RSV-related mortality among infants, but required a
lower annual budget impact. In the combined strategy,
the annual budget impact in Ontario would be ~$6.3
million with a PPD of $290 for nirsevimab and $195 for
RSVpreF vaccine. Our results remained qualitatively
consistent at different WTP thresholds, with the target
population being an important factor in determining the
range of PPD for cost-effective immunisation strategies.

Previous studies have evaluated the cost-
effectiveness of prevention strategies against RSV
disease in infants, including long-acting monoclonal
antibody, maternal vaccination, and potential active
vaccination of infants.”?*¢** These studies have been
conducted in different population settings including the
United States,” England and Wales,**** Norway,” other
European countries,” and low- and middle-income
countries,”* indicating the potential for cost-effective
immunisation programs. However, no previous work
has evaluated cost-effectiveness of these interventions in
Canada, except one study that is specific to Nunavik, a

Nirsevimab PPD, $ RSVpreF PPD, $

Incremental costs, $ (95% Cl)

QALYs gained (95% Cl) ICER, $/QALY (95% Cl)

Budget impact per
100,000 population, $

Healthcare perspective

610 165 2046 (-1994 to 6095)

215 180 3911 (-272 to 7989)
Societal perspective

700 215 3990 (-697 to 8678)

285 230 5083 (266-9849)

All strategies were compared to the baseline with no intervention.

0.119 (0.106-0.133)
0.119 (0.106-0.133)

17,243 (-16,725 to 53,016)
32,932 (-2311 to 69,494)

0.119 (0.106-0.133)
0.119 (0.106-0.133)

33,598 (-5820 to 75,142)
42,805 (2217 to 85,356)

2099
3954

61,130
62,234

Table 6: Model estimates of cost-effectiveness analyses associated with the combined infant and maternal immunisation program from healthcare and societal perspectives at the
WTP of $50,000 per QALY gained using constant vaccine efficacy profiles.
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small population in the Canadian Arctic region, with
significant burden of RSV disease.”” Furthermore, pub-
lished studies evaluating cost-effectiveness of long-
acting monoclonal antibody and maternal vaccination
have relied on early efficacy estimates of these products
with varying assumptions across population and epide-
miological contexts. Our study provides a comprehen-
sive cost-effectiveness analysis of these RSV preventive
measures, with the most recent efficacy estimates, in a
population setting reflective of the Canadian south.
Moreover, we have provided a comparison between
various programs using nirsevimab and RSVpreF vac-
cine, as well as a combined strategy for vaccination of
pregnant women followed by immunisation of infants at
high risk.

Published studies have employed different ap-
proaches including cohort, decision-tree, and trans-
mission dynamic models.?*** Our analysis is based on
a discrete-event simulation model, following a birth
cohort up to one year of age, without consideration of
RSV transmission dynamics. Employing transmission
dynamic models could allow for the evaluation of
population-wide benefits of immunisation programs.
However, since the effect of nirsevimab and RSVpreF in
reducing RSV infection or transmission is not yet
known, estimating the indirect benefits of immunisa-
tion, including herd effects, may be difficult.

Limitations

A strength of our study is the stratification of the infant
population by wGA and critical risk factors of CLD and
CHD, which allowed us to utilise available estimates
associated with RSV outcomes in infants. However, our
model has several limitations. First, for efficacy of nir-
sevimab against RSV disease outcomes, we relied on
reported estimates for infants of >29 wGA.* If the ef-
ficacy among preterm infants <29 wGA is lower than
those >29 wGA, the maximum PPD for cost-
effectiveness may be lower than our estimates. Sec-
ond, the efficacy of a single dose of nirsevimab may vary
based on weight.'”"" We also assumed that PPD for
nirsevimab is not affected by the weight-based dosage.
Third, the model includes only CLD and CHD as risk
factors; however, other risk factors may be considered
such as cystic fibrosis, Down syndrome, and immuno-
compromise,”” which were not considered in our anal-
ysis due to the lack of specific estimates. Furthermore,
the National Advisory Committee on Immunisation
recommends only hemodynamically significant CHD
infants for use of palivizumab, as opposed to all infants
with congenital heart disease.” Although the proportion
of CHD infants who have hemodynamically significant
disease could be as high as 79% (95% CI: 62%-91%),”
in the absence of such estimates in Canada, we
considered all CHD infants in the base-case analysis and
80% of them in the secondary analysis of combined

nirsevimab and RSVpreF immunisation program.
Fourth, we note that maternal vaccination is recom-
mended during the third trimester of pregnancy and
therefore a proportion of preterm birth mothers may not
receive RSVpreF prior to their infants’ birth or in time
for effective transplacental antibody transfer, which
could be considered under our secondary analysis with
60% vaccine coverage of pregnant women. Finally, we
recognize that the feasibility of different immunisation
programs to deliver interventions to pregnant women
and infants seasonally are not considered here, and will
impact decision making.

Conclusion

Our simulation study shows that prevention strategies
against RSV disease in infants using nirsevimab and
RSVpreF could be cost-effective. Passive immunisation
of all infants experiencing their first RSV season would
require a PPD under $290 to become cost-effective
without considering the monetary loss of life due to
RSV-related infant mortality. However, this program
would incur a higher budget impact to the healthcare
system than a cost-effective strategy that combines year-
round maternal vaccination with seasonal administra-
tion of nirsevimab to infants who are currently eligible
for palivizumab.
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