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Abstract

Background: This study aimed at estimating the efficiency of palivizumab in the prevention of Respiratory Syncytial
Virus (RSV) infection and its sequelae in preterm infants (329 '-359%% %weeks of gestational age ~wGA-) in Spain.

Methods: A decision-tree model was developed to compare health benefits (Quality Adjusted Life Years-QALYs)
and costs of palivizumab versus a non-prophylaxis strategy over 6 years. A hypothetical cohort of 1,000 preterm infants,
329 1359 0 \WGA (4356 kg average weight) at the beginning of the prophylaxis (15 mg/kg of palivizumab; 3.88 average
number of injections per RSV season) was analysed.

The model considered the most recent evidence from Spanish observational and epidemiological studies on RSV infection:
the FLIP Il study provided hospital admission and Intensive Care Unit (ICU) admission rates; in-hospital mortality rate was
drawn from an epidemiological study from 2004 to 2012; recurrent wheezing rates associated to RSV infection from
SPRING study were adjusted by the evidence on the palivizumab effect from clinical trials. Quality of life baseline value,
number of hospitalized infants and the presence of recurrent wheezing over time were granted to estimate QALYs.
National Health Service and societal perspective (included also recurrent wheezing indirect cost) were analysed. Total costs
(€, 2016) included pharmaceutical and administration costs, hospitalization costs and recurrent wheezing management
annual costs. A discount rate of 3.0% was applied annually for both costs and health outcomes.

Results: Over 6 years, the base case analysis showed that palivizumab was associated to an increase of O.

0731 QALYs compared to non-prophylaxis. Total costs were estimated in €2,110.71 (palivizumab) and €671.68
(non-prophylaxis) from the National Health System (NHS) perspective, resulting in an incremental cost utility
ratio (ICUR) of €19,697.69/QALYs gained (prophylaxis vs non-prophylaxis). Results derived from the risk-factors
population subgroups analysed were in line with the total population results. From the societal perspective,
the incremental cost associated to palivizumab decreased to an €1,253.14 (ICUR = €17,153.16€/QALYs gained
for palivizumab vs non-prophylaxis). One-way and probabilistic sensitivity analyses confirmed the robustness of
the model.

Conclusions: The prophylaxis with palivizumab is efficient for preventing from RSV infections in preterm
infants 3292 1-359% 9 WGA in Spain.
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Background

Respiratory Syncytial Virus (RSV) is the most common
cause of acute lower respiratory infections in infants and
young children worldwide [1]. Recently, it has been asso-
ciated to 12-63% of acute respiratory infections in
western countries [2].

RSV infections also remains the most important rea-
son of hospital admission among previously healthy in-
fants during the first year of life [3, 4]. In western
countries, 70-90% of hospital admissions in acute RSV
infection occur in infants aged <12 months [2]. In fact,
it is especially relevant during the first few months of life
[5], since they mainly affect to infants <6 months of age
[2]. Moreover, around a fifth (18—-22%) of young children
RSV-infected are often admitted to Intensive Care Units
(ICU) during their hospital stay [6, 7], showing an in-
creasing trend in recent years [6].

In industrialized and developing countries, RSV infec-
tions represent the leading cause of death associated with
respiratory infections. The estimated global neonatal (0-
27 days) and post-neonatal (27-365 days) mortality is
around 2—3% and 6-7% respectively which reflects a sig-
nificant burden of disease in these countries [8].

Some risk factors are related to hospitalizations in RSV-
infected children, such as male sex, age < 6 moths, birth
during the first half of the RSV season, crowding/siblings
and day-care exposure [2]. Prematurity is considered as an
independent risk factor of acute respiratory infection [9] and
hospital admission among young children (<5 years old)
who experienced respiratory infections [7]. Those prema-
ture infants at lower weeks of gestational age (WGA) are at
a higher risk of hospitalization [10], including the specific
group of pre-term infants 33-36 wGA [11]. Finally, the
prevalence of the risk factors as prematurity (<37 wGA),
heart disease and bronchopulmonary dysplasia, is around
20% in children RSV-infected admitted to hospital [11].

Moreover, recurrent wheezing is considered as one of
the main long-term RSV infection related outcomes [2].
It has been also associated to the clinical severity of the
illness, as children younger than 2 years old are at higher
risk of developing recurrent wheezing compared to non-
hospitalized young children [12].

In Spain, the burden of disease in RSV-infected pre-
term infants 32% 1-35%Y © has been analysed through
different observational studies. The FLIP I [13] and FLIP
IT [14] studies allowed to identify and validate the risk
factors linked to hospital admission in the Spanish popu-
lation. Later, the SPRING study [15] estimated the long-
term effects in terms of recurrence of wheezing on this
group of preterm infants; and in addition to that, the in-
hospital mortality rates associated to this population
group, has been recently published [3].

Palivizumab is a monoclonal antibody used to prevent
serious lower respiratory tract disease caused by RSV
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that would require hospitalization in children who are <
6 months old and were born <35 wGA [16]. Observa-
tional studies conducted in western countries have
shown the effect of palivizumab not only on reducing
hospitalizations in preterm infants 329 '-35 © RSV-
infected but also on preventing recurrent wheezing
during 12-36 months of follow-up [17-19].

The efficiency of palivizumab on preterm infants has
been widely examined in Europe [20-24] and United
States [25—27] during the last decade. However, important
methodological differences among studies (ie. wGA of
preterm infants analysed, time horizon, inclusion of
sequelae) might explained the variations of cost-
effectiveness ratios obtained. To date, all economic evalua-
tions developed in Spain focused on modelling the effect
of palivizumab on avoiding hospitalizations [28-30], but
none have included the additional existing evidence on
reducing its long-term effects in preterm infants 329 -
359 O RSV-infected. Besides, due to changes in the
current price of palivizumab in the Spanish market and
the fact that new country-specific evidence on hospitaliza-
tions and mortality rates in the specific group of preterm
infants mentioned before is available since the last eco-
nomic evaluation developed in Spain [28] an update of the
efficiency of palivizumab at local level would be required.

Thus, the aim of this study is to assess the efficiency of
palivizumab-based prophylaxis strategy in prevention of
RSV infection and its sequelae in preterm infants (329 *-
359 9 WwGA) compared to a strategy of non-prophylaxis,
considering the most recent clinical evidence available
for Spain.

Methods

Model structure

A decision tree analytic model was developed in Micro-
soft Excel 2013, to determine health outcomes and costs
associated to RSV infections and its sequelae in Spanish
preterm infants (329 ' — 359 © wGA). A prophylaxis
strategy for RSV infection consisting of palivizumab ad-
ministration was compared to a non-prophylaxis strat-
egy. At the end of the path, each branch of the decision
tree provided the outcomes of the model (Fig. 1).

The main effectiveness outcome was the quality-
adjusted life years (QALYs), which adjusts life years
gained (LYG) by the utility value (ranges from 0 to 1)
[31]. Costs along with QALYs were used to calculate the
incremental cost-utility ratio (ICUR); it is the ratio of
the incremental cost of an additional QALY gained when
comparing palivizumab vs non-prophylaxis strategy.
Model assumptions and parameters of resource use were
decided in consultation with an advisory group.

The analysis was carried out from a National Health
Service (NHS) (only direct health care costs were con-
sidered) and societal perspective (included also indirect
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The nodes represent points where more than an event is possible. The decision node (the square box) represents the decision being addressed in the
model. Chance nodes (circles) characterizes the effects of the alternative therapies. The branches represents the possible events patients may
experience at that point in the tree [31] and terminal nodes. The outcomes of the model are at the end of the each branch and terminal nodes (triangles)
are used to represent the decision tree endpoints.
*A visit to emergency ward is considered to occur prior to hospital admission.
Fig. 1 Decision tree model of palivizumab versus non-prophylaxis in the prevention of RSV infection in preterm infants

costs). The time horizon was fixed in 6 years according
to the maximum period of the existing evidence on re-
current wheezing consequences among RSV-infected
preterm infants [15]. Costs and outcomes were dis-
counted at 3.0% annually for the base case [32].

Patient population

The analysis was carried out with a hypothetical cohort of
1,000 preterm infants (329 1 — 35%Y © wGA). Further, 3
different population subgroups were defined according to
presence of risk factors associated with RSV infection re-
quiring hospitalization: subgroup A (2 major risk factors
and 2 minor risk factors); subgroup B (2 major risk factors

and 1 minor risk factors); subgroup C (2 major factors).
Major factors included chronological age less than
10 weeks at the beginning of RSV season or being born
during the first 10 weeks of the season; school-age siblings
or day-care attendance whereas minor factors included
mother smoking during pregnancy and male gender [33].

Clinical inputs

Clinical studies in Spanish population [3, 14, 15, 33]
were used to determine the model parameters estimates
(see Table 1). The probability of hospitalization (1.30%
-palivizumab- vs 4.10% -non-prophylaxis-) were drawn
from the FLIP-II study, a prospective two-cohort study
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Table 1 Clinical inputs parameter estimates

Parameter Annual probabilities
Non-prophylaxis ~ Source  Palivizumab  Source
Probability of hospital admission due RSV infection
Total population  4.10% 4] 1.30% [14]
Subgroup A 18.40% [33] 9.50% [33]
Subgroup B 10.60% 3.60%
Subgroup C 10.20% 2.90%
Probability of emergency visits prior to hospital admission
17.80% [14] 17.80% [14]
Probability of death related to hospital admission
233% [3] 233% [3]
Probability of additional hospitalizations due to new RSV infection
247% [14] 247% [14]
Probability of recurrent wheezing in hospitalized patients.
Year 2 41.43% [15] 1843% [15]
Year 3 29.27% 11.05%
Year 4 18.55% 6.12%
Year 5 15.00% 4.39%
Year 6 12.39% 3.25%

Probability of recurrent wheeze in no-hospitalized patients

Year 2 12.09% [15] 5.38% [15]
Year 3 15.36% 5.80%
Year 4 12.57% 4.15%
Year 5 9.31% 2.73%
Year 6 9.66% 2.53%

Subgroup A includes preterm infants with 2 major risk factors and 2 minor risk
factors; subgroup B, 2 major risk factors and 1 minor risk factors; subgroup C,
2 major risk factors [33]

Major factors: chronological age less than 10 weeks at the beginning of RSV
season or being born during the first 10 weeks of the season; school-age siblings
or day-care attendance. Minor factors: mother smoking during pregnancy and
male gender

conducted to validate the risk factors associated for RSV
infection hospitalizations in preterm infants (329 -
359 © WwGA) [14]. Data of the palivizumab effectiveness
on preventing hospital admission comparing to non-
prophylaxis in the population subgroups were collected
from a further study [33].

Additional hospitalizations rate due to new RSV infec-
tion (2.47%) and ICU admission rate (17.80%) were also
extracted from FLIP-II study whereas in-hospital mortal-
ity rate (2.33%) were obtained from a retrospective study
conducted in Spain [3]. Since no information regarding
the effect of palivizumab were found on this parameters
in Spanish observational studies for the particular popu-
lation of preterm infants 329 ! — 35%Y © wGA, the
same parameter estimates for both alternatives were
used. The model assumed that all patients experienced
paediatric emergency visit prior hospital admission. A
post-hoc analysis of FLIP-II study provided an average
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length of stay (LOS) of 6 days, which was further used
to determine hospital admission costs. LOS of additional
hospitalizations due to new RSV infection was assumed
to be the same than for hospital admissions.

Deaths were associated to ICU admission. Due to
clinical considerations, we considered that hospital admis-
sion and additional hospitalizations due to new RSV infec-
tion occurred during year 1. Consequently, it was also
assumed that mortality occurred in the period 0—3 months
for hospital admission and in the period 6-9 months for
additional hospitalization due to new RSV infection.

The probabilities of recurrent wheezing either in pre-
viously hospitalized and non-hospitalized children (from
2 to 6 years of age) were retrieved from an observational
study conducted in Spain: the SPRING study [15]. How-
ever, the information about the effect of palivizumab is
very limited in the SPRING study, so data at 12, 24 and
36 months from the clinical evidence [17—-19] were fitted
to an algorithmic distribution function to get the palivi-
zumab effect on recurrent wheezing over the 6 years
period (see Additional file 1).

Cost estimation

Total costs estimation included the pharmaceutical and ad-
ministration costs, hospital admissions, and recurrent
wheezing management costs. To estimate the resource con-
sumption, either only direct costs (NHS perspective) or both
direct and indirect (societal perspective) were considered.

The mean acquisition cost was calculated on the basis
of published ex-factory prices (EFP) [34] for palivizumab
(Synagis®) adjusted with the 15% mandatory deduction
[35] applicable in November 2016.

The recommended dose of palivizumab is 15 mg/kg of
body weight, given once a month during anticipated pe-
riods of RSV risk in the community [16]. Average dose
administered were then estimated by assuming an
average weight of 4.356 kg and an average number of in-
jections of 3.88 per RSV season as reported in FLIP-II
[28]. Since palivizumab is administered by parenteral
via, it was assumed that a nurse consultation was
required for each drug administration.

The health resources unitary costs were obtained from a
Spanish national health costs database [36]. All costs are
expressed in Euros and referred to 2016 year values. No
robust evidence on recurrent wheezing costs in preterm
infants RSV- infected were found in our bibliographic
search, so direct and indirect costs for the management of
asthma in paediatric patients were adopted [37] (Table 2).

Utilities

The utility values applied to LYG for QALY calculation
were collected from the literature. Baseline utility value
was 0.95 whereas a 0.88 utility value was used for
hospitalization [38]. During the literature searching none
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Table 2 Unitary costs (€, 2016) and parameters used in the model

Parameter Resource Source
consumption
Prophylaxis costs

Pharmaceutical cost
Palivizumab (Synagis ©) 511.66 [34]
50 mg per vial (€)
Palivizumab (Synagis ©) 849.64 [34]
100 mg per vial (€)
Average pharmaceutical 7.30
cost (EFP/mg) (€)
Average dose (mg/preterm 65.34
infant) per injection

Administration cost
Average number of 3.88 (28]
injections
Administration cost per 9.58 [36]
injection (€)-

Hospitalization cost
Daily cost in paediatric 641.06 (36]
ward (€)
Hospital length of stay 6 Post-hoc analysis
(days) FLIP Il study [14]

ICU related costs
Daily costs in ICU 2,286.28 [36]
paediatric ward (€)
ICU length of stay (days) 5 (14]
cost per visit

Emergency visit prior hospitalization cost
Daily cost of emergency 103.95 [36]
ward (€)

Annual recurrent wheezing management costs
Direct cost (€) 74957 [37]
Indirect cost (€) 498.62 [37]

EFP: ex-factory price; ICU: intensive care unit

publication related to utilities for recurrent wheezing
RSV infection-related was identified, so equivalence of
health related quality of life between both pathologies
was assumed. Then, the utility values reported in chil-
dren by Chiou et al. from mild (0.79) for and moderate
asthma symptoms were assigned to recurrent wheezing
up to year 4 and year 5-6 [39].

Sensitivity analyses

To assess robustness of the model an one-way sensitivity
analyses (SA) was performed to the base case parameters
with the greatest level of uncertainty: average number of
injections (5 doses administration); emergency visit rate
prior hospital admission, hospital related costs and
direct recurrent wheezing costs (variations of +/— 50%).
For those clinical inputs where no local evidence on
palivizumab  effectiveness were found, parameter
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estimates from international studies were used and
tested in the one-way SA: ICU admission rate (30.00%
non-prophylaxis vs 11.10% palivizumab group) [26]; in-
hospital mortality (0.13% non-prophylaxis vs 0.09% pali-
vizumab group) [40]. Alternative scenarios modifying
the discount rate were also tested (3.0% for costs and
1.5% benefits [41]; 5% for both costs and benefits; no
discount rate).

A probabilistic sensitivity analysis (PSA) was also per-
formed by using 1,000 Montecarlo simulations. Beta
distribution were applied for clinical inputs and utility
values; gamma distributions for costs.

Results

Base case

At the end of year 6, palivizumab provided higher health
benefits than the non-prophylaxis strategy (5.26 vs 5.19
QALYs respectively), yielding a difference of 0.0731
QALYs. Palivizumab total costs represented €2,110.71
comparing to €671.68 in the non-prophylaxis group.
Prophylaxis cost was only associated to palivizumab
group (€1,886.78). Hospital admission, emergency visit
costs and recurrent wheezing annual management costs
were lower in the palivizumab comparing to non-
prophylaxis group (Table 3). The resulting ICUR was
€19,697.69/QALY gained, which means that palivizumab
could be considered a cost-effective strategy assuming
the common willingness-to pay threshold in Spain
(€30,000/QALY gained) [42]. It could be also considered
cost-effective with an even more restrictive threshold of
€25,000/QALY gained recently proposed by a Health
Technology Assessment Network [43]. The ICUR result-
ing from the population subgroups analysis according to
the risk factors associated (major and minors) were
€11,550.37; €14,177.18 and €13,937.61 per QALY gained
for subgroups A, B and C respectively (Table 4).

From the societal perspective, the difference in total
cost between the palivizumab-based strategy and the
non-prophylaxis were lesser comparing with NHS per-
spective (€1,253.14), which resulted in a decrease of the
ICUR (ICUR = €17,153.16/QALY gained).

Sensitivity analysis

Regarding the one-way SA, palivizumab remained as a
cost-effective option in all the scenarios tested. The
highest ICUR were found when the average number of
injections increased to 5 (€27,135/QALY gained). The
variations in the in-hospital mortality rates (€19,837/
QALY gained) and the emergency visits prior to hospital
admission (€19,744/QALY gained) had a low impact on
the increase of ICUR. The scenarios that tested an in-
crease of 50% costs (recurrent wheezing and hospital
related-costs) resulted in a drop of ICUR values whereas
when we applied a decrease of 50% in those scenarios it
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Table 3 Base case results
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Non-prophylaxis Palivizumab Incremental palivizumab vs non-prophylaxis.

QALYs 5.19 5.26 0.0731
COSTS
Total costs €671.68 €2,110.71 €1,439.03

Prophylaxis costs (pharmaceutical and administration) €0.00 €1,886.78 €1,886.78

Hospital related costs €246.44 €78.14 €-168.30

Recurrent wheezing management costs €425.23 €145.78 €-27945
ICUR (€/QALY gained with palivizumab vs non-prophylaxis 1,9697.69

ICUR: incremental cost utility ratio; QALY: quality adjusted life years

results in an augmentation of the base-case ICUR. The
ICU admission rates variations and discount rate of 3.0%
costs and 1.5% for benefits decreased slightly with re-
spect ICUR base-case (Table 5, Fig. 2).

Finally, a cost effectiveness plane (Fig. 3a) and cost-
effectiveness acceptability curve (Fig. 3b) were used to
show PSA results. Out of 1000 Montecarlo simulations,
85.70% of the cases presented an ICUR under a €30,000/
QALY gained threshold [42], whereas in 72.30% of the
cases they were under a €25,000/QALY gained value [43].

Discussion

This study used an analytic model to assess the effi-
ciency of a palivizumab taking into account the most re-
cent clinical evidence on RSV infections in preterm
infants (329 1-35% © wGA) in Spain.

The analysis showed that palivizumab could be consid-
ered a cost-effective strategy to prevent the RSV infec-
tions and its sequelae independently of the perspective
used. The ICUR obtained from the NHS perspective
(€19,697.69/QALY gained) was lower than the com-
monly acceptable threshold of €30,000/QALY gained
considered in Spain [42] and the more restrictive thresh-
old recently published of €25,000/QALY gained [43].
When recurrent wheezing indirect costs were consid-
ered in the total population it resulted in an even
more favourable ICUR (€17,153.16/QALY gained).
Moreover, this work also examined the efficiency of
palivizumab in 3 population subgroups according to
the risk factors validated in FLIP-II study, whose re-
sults were also consistent with the base-case analysis.

The model is sensitive to an increase of number of in-
jections when compared with the base-case analysis,
since the ICUR obtained when we used 5 average doses
of palivizumab leads to a considerably less favourable
ICUR (€27,152.79 vs €19,697.69)/QALY gained). In con-
trast, if the discount rate for costs and benefits is not ap-
plied (€17,704.00/QALY gained) or recurrent wheezing
cost is increased by 50% we found the most favourable
ICUR (€17,785.09/QALY gained).

Previous economic evaluations underwent in Spain pre-
sented heterogeneous results [28—-30], but only Lazaro de

Mercado et al. [28] study were addressed to the particular
population analysed in this work (329 1-35% © wGA). It
resulted in €13,849 and €4605/QALY gained(€ 2006) from
the NHS and societal perspective respectively, a substan-
tially lower ICUR compared to the one obtained in the
present analysis. However, the data used and the assump-
tions made in the analytic model developed by Lazaro et
al. [28] can explain this differences. First off, it did not in-
clude country specific data on hospital admission and
mortality rates, which were drawn from the IMPACT-
RSV study [44] and Canadian database for deaths [45].
Furthermore, it did not consider recurrent wheezing as a
clinical parameter that can affect to hospitalization but
just as a factor to convert LGY to QALY. In contrast, the
parameters estimates in the present study not only are
based on the Spanish specific data (i.e.: hospitalization ad-
mission, ICU and mortality rates), but also it used empir-
ical data for estimates on long term recurrent wheezing
rates in preterm from the SPRING study and subsequently
measure the impact of recurrent wheezing on resource
consumption and health outcomes.

Comparisons with studies at international level should
be precautionary done, based on potential differences on
methodology (time horizon, discount rate, population)
and drug prices. The results of the present analysis are
in line with other studies which assessed palivizumab in
similar populations, identifying palivizumab as a cost-
effective strategy in Austria [20] (ICUR = €21,864/QALY
gained in 33-35wGA population, 2010 year values),
Netherlands [21] (ICUR = €20,236/QALY gained in 32—
35 wGA population with bronchopulmonary dysplasia
and €7067/QALY gained in 32-35 wGA population with
chronic heart disease, 2006 year values), UK [23]
(ICUR = €16,720/QALY gained in 32-35 wGA popula-
tion with bronchopulmonary dysplasia and €6664/
QALY gained in 32-35 wGA population with chronic
heart disease, 2003 year values)) and USA
(ICUR = $79,479/QALY gained [25] and ICUR = $38,244/
QALY gained [26] in 32-35 wGA population with
American Academy of Pediatrics-AAP- 2006 criteria,
2010 year values). In other study performed in UK [24],
ICUR resulted £99,056/QALY gained (2010 year values)
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Table 5 One-way SA results
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Parameters Base case values One-way SA Values Incremental costs  Incremental QALY ICUR (€/QALY gained)
Non prophylaxis  Palivizumab  Non- prophylaxis  Palivizumab
Number of palivizumab injections - 3.88 - 5 €1,983.67 0.0731 27,152.79
per RSV season
Risk of ICU admission 17.80% 17.80% 30.00% 11.10% €1,370.71 0.0737 18,592.52
In-hospital mortality 233% 2.33% 0.13% 0.09% €1,43890 0.0725 19,836.81
Proportion of patients that 100.00% 50.00% €1,44049 0.0731 19,717.70
experience emergency visit
prior to hospital admission
Hospital related costs* (+/—50%) €3,031.30 +50.00% (€4.546,95) €1,354.88 0.0731 18,545.80
—50.00% (€1515.65) €1523.18 0.0731 20,849.55
Direct recurrent wheezing €749.57 +50.00% (€1124.36) €1,299.30 0.0731 17,785.09
management costs (+/—50%)
—50.00% (€374.79) €1,578.76 0.0731 21,610.25
Annual discount rate Costs Benefits Costs Benefits
3.0% 0.0% €1415.22 0.0799 17,704.00
5.0% €1/453.22 0.0690 21,071.19
3.0% 1.50% €1,439.03 0.0764 18,841.25

ICU: intensive care unit; ICUR: incremental cost-utility ratio; QALY quality adjusted life years, RSV respiratory syncytial virus, SA sensitivity analysis
*Hospital related costs included emergency visit prior hospitalization cost, hospital and ICU admission costs

in 33-35 wGA infants and based on a threshold of
£30,000/QALY gained was defined as a not-cost-effective
option.

Some assumptions that may limit the strength of the
model were applied. First, due to the lack of evidence in
preterm infants RSV- infected, we used utility values and
costs reported in the management of asthma in paediat-
ric patients. For the same reason, we extrapolated the
existing evidence on palivizumab effect at 12, 24 and
36 months and further applied the relative risk from
SPRING study to obtain the recurrent wheezing rates in
hospitalized and non-hospitalized RSV- infected infants
over a 6 years period (see additional file 1).

Secondly, due to the lack of information of palivi-
zumab effectiveness for the particular population of pre-
term infants 329 ! — 359 © wGA in local observational
studies, we assumed no effect of palivizumab on ICU ad-
mission, mortality rates and LOS.

In spite of the fact that assuming the same rates for
palivizumab and non-prophylaxis group has been
reported as a conservative approach in previous
economic evaluations [23, 25, 26], we run an one-
way SA to assess the impact of using estimates for
palivizumab and non-prophylaxis from international
studies [26, 40] on these clinical inputs. The ICU ad-
mission estimates reported by Weiner et al. (30.00%

Prophylaxis administration (number of injections)
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ICU admission rate €18,593

In-hospital mortality rate

Emergency visit rate prior to hospital admission

] er0.837
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Fig. 2 Tornado diagram of the one-way SA
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non-prophylaxis vs 11.10% palivizumab; ICUR = €18,592.52/
QALY gained) [26] and in-hospital mortality rates from
Checchia et al. (0.13% non-prophylaxis vs 0.09% palivizu-
mab; ICUR = €€19,836.81/QALY gained) [40] showed no
significant impact on the resulting ICUR comparing to the
base case (€19,697.69/QALY gained).

Length of hospital stay could be a variable parameter,
related to differences in clinical practice. For the base
case an average of 6 days at paediatric ward or 5 days at
ICU was considered given a hospital-related cost. This
cost was varied +/- 50% in the SA capturing the poten-
tial effect of shorter or longer admissions. Even for the
best clinical scenario with the shortest hospitalization
(decrease of 50% of hospital cost) the ICUR kept under
the acceptable threshold.

Besides the results for subgroups of the present
analysis reside on a risk stratification derived from a
Spanish epidemiological study, that it is not elsewhere
spread, but could be understood as illustrative for
identification of existing subpopulations associated to
better or worse outcomes.

Usually, pharmaceutical cost are among the main
drivers on cost-effectiveness analysis. In Spain, max-
imum prices for reimbursed drugs are fixed at national
level, but some local agreements for price reductions
could be established at regional or hospital level.The
ICURs resulting from the model here described, derived
from the official maximum reimbursed price. Lower
ICUR values would had been expected if lower drug
prices (related to the mentioned agreements) applied.

Despite of all of the mentioned limitations, the varia-
tions made for the rest of parameters tested in the one-
way SA and the fact that almost 90% of the 1000 simula-
tions run in the PSA remained below the threshold of
€30,000/QALY confirmed the robustness of the model.

In economic evaluation of health technologies a spe-
cific threshold of willingness to pay is required for con-
cluding whether the assessed strategy is cost-effective
versus the alternative one or not. Facing the absence to
date of an official value stated in Spain, for the present
analysis a threshold of €30,000 per additional QALY was
used as main reference, coincident with the value used
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in the vast (66%) of the economic evaluations performed
for Spain [46]. Mention to an alternative threshold, re-
cently published [43] is also performed.

To the best knowledge of the authors, this work repre-
sents the first cost-effectiveness study including evidence
of the long-term effects of palivizumab in preterm in-
fants 329 ' — 35%Y O wGA RSV- infected in Spain. In
this sense, the American Academy of Paediatrics
launched in 2014 a document by which prophylaxis with
palivizumab is not recommended either to preterm in-
fants to reduce subsequent episodes of wheezing or for
otherwise healthy infants born at or after 29 © wGA.
[47] However, no evidence were given to support those
modifications [48] including the recent evidence of the
long term effect of palivizumab on recurrent wheezing
in preterm infants 329 '-35%Y © RSV.infected, which
were never evaluated in cost-effectiveness studies
[49]. Therefore the favourable ICUR resulting from
our analysis may contribute to support the position
paper of the Standards Committee of the Spanish
Neonatology Society (SENeo).

Conclusion

Recent evidence on the long-term effect of recurrent
wheezing in Spain allowed to provide an updated eco-
nomic evaluation of the prophylaxis with palivizumab in
preterm infants.

In the light favourable ICUR obtained, palivizumab is
efficient for preventing from RSV infections in preterm
infants 329 1-35% © wGA in Spain, including specific
high risk subgroups.

Additional file

Additional file 1: Figure S1. Curve fitting to get the palivizumab effect
on recurrent wheezing over 61 years by using RR values from the
literature. (DOCX 19 kb)

Abbreviations

EFP: Ex-factory price; ICU: Intensive care unit; ICUR: Incremental cost utility
ratio; LOS: Length of stay; NHS: National Health System; PSA: Probabilistic
sensitivity analysis; QALY: Quality Adjusted Life Years; RSV: Respiratory
Syncytial Virus; SA: Sensitivity analysis; SENeo: Spanish Neonatology Society;
WGA: Weeks of gestational age

Acknowledgements

The authors would like to express their gratitude to Fundacién del Instituto
para la Mejora de la Asistencia Sanitaria for its support in this project.

The authors would like to acknowledge the reviewers from BMC Infectious
Diseases for their comments provided during the review process.

Availability of data and materials
Not applicable.

Authors’ contributions

RB, 10, MSL and XCE conceived the study concept and the model design. RB
and 10 developed and programmed the economic model. All the authors
contributed to the validation of the model inputs and interpretation of the

Page 10 of 11

results. RB and 10 drafted the manuscript. All the authors reviewed the
manuscript draft and read and approved the final version of the manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors MSL, JFA and MSS have acted as expert advisors and speakers
for AbbVie and received honoraria in this regard. RB and 10 are employees
of Pharmacoeconomics & Outcomes Research Iberia (PORIB) a consultant
company specialized in economic evaluation of health technologies, which
has received financial support from Fundacién del Instituto para la Mejora de
la Asistencia Sanitaria (IMAS) for development of the present study.

FMT has acted as principal investigator for RSV clinical trials for Regeneron,
Medimmune, Novavax, GSK, and Janssen, but all the related honoraria has
gone to his institution. XCE has acted as an expert advisor and speaker for
AbbVie, Mediimmune and Regeneron received honoraria in this regard. FMT
is member of the editorial board, as associate editor of BMC infectious
Disease journal.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

1Hospi‘[a\ General Universitario Gregorio Marafién, Madrid, Spain.
Pharmacoeconomics & Outcomes Research Iberia (PORIB), Paseo Joaquin
Rodrigo 4-l, Pozuelo de Alarcon, 28224 Madrid, Spain. 3Hospital Clinic,
Catedratic de Pediatria, Universitat de Barcelona, Barcelona, Spain. 4Hospital
Universitario Virgen de la Arrixaca, Murcia, Spain. *Hospital Clinico
Universitario de Santiago, Santiago de Compostela, Spain. ®Hospital Clinic,
Institut d'Investigacions Biomediques August Pi Sufier (IDIBAPS), Barcelona,
Spain.

Received: 7 February 2017 Accepted: 6 October 2017
Published online: 17 October 2017

References

1. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA, Singleton RJ, et al.
Global burden of acute lower respiratory infections due to respiratory
syncytial virus in young children: a systematic review and meta-analysis.
Lancet. 2010;375:1545-55.

2. Bont L, Checchia PA, Fauroux B, Figueras-Aloy J, Manzoni P, Paes B, et al.
Defining the epidemiology and burden of severe respiratory Syncytial virus
infection among infants and children in western countries. Infect Dis Ther.
2016;5:271-98.

3. Sanchez-Luna M, Elola FJ, Fernandez-Perez C, Bernal JL, Lopez-Pineda A.
Trends in respiratory syncytial virus bronchiolitis hospitalizations in children
less than 1 year: 2004-2012. Curr Med Res Opin. 2016;32:693-8.

4. Pickles RJ, DeVincenzo JP. Respiratory syncytial virus (RSV) and its propensity
for causing bronchiolitis. J Pathol. 2015;235:266-76.

5. Shay DK, Holman RC, Newman RD, Liu LL, Stout JW, Anderson LJ.
Bronchiolitis-associated hospitalizations among US children, 1980-1996.
JAMA. 1999;282:1440-6.

6. Gupta P, Beam BW, Rettiganti M. Temporal trends of respiratory Syncytial
virus-associated hospital and ICU admissions across the United States.
Pediatr Crit Care Med. 2016;17:343-51.

7. Hall CB, Weinberg GA, Iwane MK, Blumkin AK, Edwards KM, Staat MA, et al.
The burden of respiratory syncytial virus infection in young children. N Engl
J Med. 2009;360:588-98.

8. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global
and regional mortality from 235 causes of death for 20 age groups in 1990
and 2010: a systematic analysis for the global burden of disease study 2010.
Lancet. 2012;380:2095-128.

9. ShiT, Balsells E, Wastnedge E, Singleton R, Rasmussen ZA, Zar HJ, et al. Risk
factors for respiratory syncytial virus associated with acute lower respiratory
infection in children under five years: systematic review and meta-analysis. J
Glob Health. 2015;5(2):020416.


dx.doi.org/10.1186/s12879-017-2803-0

Sanchez-Luna et al. BMC Infectious Diseases (2017) 17:687

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Figueras-Aloy J, Manzoni P, Paes B, Simdes EA, Bont L, Checchia PA, et al.
Defining the risk and associated morbidity and mortality of severe
respiratory Syncytial virus infection among preterm infants without chronic
lung disease or congenital heart disease. Infect Dis Ther. 2016;5:417-52.
Pisesky A, Benchimol El, Wong CA, Hui C, Crowe M, Belair MA, et al.
Incidence of hospitalization for respiratory Syncytial virus infection amongst
children in Ontario, Canada: a population-based study using validated
health administrative data. PLoS One. 2016;11:20150416.

Al-Shawwa B, Al-Huniti N, Abu-Hasan M. Respiratory Syncytial virus
Bronchiolitis and risk of subsequent wheezing: a matter of severity. Pediatric
Asthma Allergy & Immunology. 2006;19:26-30.

Figueras-Aloy J, Carbonell-Estrany X, Quero J, IRIS Study Group. Case—control
study of the risk factors linked to respiratory syncytial virus infection
requiring hospitalization in premature infants born at a gestational age of
33-35 weeks in Spain. Pediatr Infect Dis J. 2004;23:815-20.

Figueras-Aloy J, Carbonell-Estrany X, Quero-Jiménez J, Fernandez-Colomer B,
Guzman-Cabahas J, Echaniz-Urcelay |, et al. FLIP-2 study: risk factors linked
to respiratory syncytial virus infection requiring hospitalization in premature
infants born in Spain at a gestational age of 32 to 35 weeks. Pediatr Infect
Dis J. 2008,27:788-93.

Carbonell-Estrany X, Pérez-Yarza EG, Garcia LS, Guzman Cabaras JM, Boria EV,
Atienza BB, IRIS (Infeccion Respiratoria Infantil por Virus Respiratorio Sincitial)
Study Group. Long-term burden and respiratory effects of respiratory Syncytial
virus hospitalization in preterm infants-the SPRING study. PLoS One. 20158:10(5).
The European Medicines Agency Synagis summary of product
characteristics. http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/000257/WC500056908. pdf. Accesed 4
Nov 2016.

Blanken MO, Rovers MM, Molenaar JM, Winkler-Seinstra PL, Meijer A, Kimpen
JL, et al. Respiratory syncytial virus and recurrent wheeze in healthy preterm
infants. N Engl J Med. 2013;368:1791-9.

Simoes EA, Groothuis JR, Carbonell-Estrany X, Rieger CH, Mitchell |, Fredrick
LM, et al. Palivizumab prophylaxis, respiratory syncytial virus, and
subsequent recurrent wheezing. J Pediatr. 2007;151(1):34-42.

Yoshihara S, Kusuda S, Mochizuki H, Okada K, Nishima S, Simdes EA, et al.
Effect of palivizumab prophylaxis on subsequent recurrent wheezing in
preterm infants. Pediatrics. 2013;132:811-8.

Resch B, Sommer C, Nuijten MJ, Seidinger S, Walter E, Schoellbauer V, et al.
Cost-effectiveness of palivizumab for respiratory syncytial virus infection in
high-risk children, based on long-term epidemiologic data from Austria.
Pediatr Infect Dis J. 2012;31(1):e1-8.

Nuijten M, Lebmeier M, Wittenberg W. Cost effectiveness of palivizumab for
RSV prevention in high-risk children in the Netherlands. J Med Econ. 2009;
12(4):291-300.

Neovius K, Buesch K, Sandstrom K, Neovius M. Cost-effectiveness analysis of
palivizumab as respiratory syncytial virus prophylaxis in preterm infants in
Sweden. Acta Paediatr. 2011 Oct;100(10):1306-14.

Nuijten MJ, Wittenberg W, Lebmeier M. Cost effectiveness of palivizumab
for respiratory syncytial virus prophylaxis in high-risk children: a UK analysis.
PharmacoEconomics. 2007;25(1):55-71.

Bentley A, Filipovic |, Gooch K, Blsch K. A cost-effectiveness analysis of
respiratory syncytial virus (RSV) prophylaxis in infants in the United
Kingdom. Health Econ Rev. 2013;3(1):18.

Mahadevia PJ, Masaquel AS, Polak MJ, Weiner LB. Cost utility of palivizumab
prophylaxis among pre-term infants in the United States: a national policy
perspective. J Med Econ. 2012;15(5):987-96.

Weiner LB, Masaquel AS, Polak MJ, Mahadevia PJ. Cost-effectiveness analysis
of palivizumab among pre-term infant populations covered by Medicaid in
the United States. J Med Econ. 2012;15(5):997-1018.

Elhassan NO, Sorbero ME, Hall CB, Stevens TP, Dick AW. Cost-effectiveness
analysis of palivizumab in premature infants without chronic lung disease.
Arch Pediatr Adolesc Med. 2006;160(10):1070-6.

Lazaro y de Mercado P, Figueras Aloy J, Doménech Martinez E, Echaniz
Urcelay I, Closa Monasterolo R, Wood MA, et al. La eficiencia (coste-
efectividad) de palivizumab como profilaxis para la infeccion por virus
respiratorio sincitial en prematuros de 32-35 semanas en Espafia. An
Pediatr. 2006;65:316-24.

Nuijten MJ, Wittenberg W. Cost effectiveness of palivizumab in Spain: an
analysis using observational data. Eur J Health Econ. 2010;11:105-15.
Agencia de Evaluacion de Tecnologia Sanitaria de. Efectividad, seguridad y
eficiencia de palivizumab en la prevencion de la infeccién por el virus

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

Page 11 of 11

respiratorio sincitial en prematuros. Technical Report 2014. Seville. http://
www.aetsa.org/publicacion/efectividad-seguridad-y-eficiencia-del-
palivizumab-en-la-prevencion-de-la-infeccion-por-el-virus-respiratorio-
sincitial-en-prematuros. Accessed 01 Nov 2016.

Drummonds M, Sculpher M. Methods for the economic evaluation of health
care Programmes. 3rd ed. Oxford: Oxford University Press; 2005. p. 14-291.
Lopez Bastida J, Oliva J, Antofnanzas F, Garcia-Altés A, Gisbert R, Mar J, et al.
Propuesta de gufa para la evaluacién econdémica aplicada a las tecnologfas
sanitarias. Gac Sanit. 2010;24(2):154-70.

Figueras-Aloy J, Carbonell-Estrany X, Quero-Jiménez J, Ferndndez-Colomer B,
Guzman-Cabanas J, Echaniz-Urcelay |, et al. Efectividad del palivizumab en la
prevencion de la infeccién por virus respiratorio sincitial en prematuros de
32.1 a 35.0 semanas de gestacion en Espafia. Acta Pediatr Esp. 2010;68:13-8.
General Council of Official Pharmaceutical Collegues Bot Plus 2.0. Available
at URL: https://botplusweb.portalfarma.com/. Accessed 4 Nov 2016.

Royal Decree-Law 8-2010. Real Decreto-ley 8/2010, de 20 de mayo, por el
que se adoptan medidas extraordinarias para la reduccién del déficit
publico. http://www.boe.es/boe/dias/2010/05/24/pdfs/BOE-A-2010-8228 pdf;
Accessed 4 Nov 2016.

Consulting O. Base de datos de costes sanitarios eSalud. Barcelona: Oblikue
Consulting; 2016. http://esalud.oblikue.com/. Accessed 11 Feb 2016.

Blasco Bravo AJ, Pérez-Yarza EG, Lazaro y de Mercado P, Bonillo Perales A,
Diaz Vazquez CA, Moreno Galdd A. Coste del asma en pediatria en Espafa:
un modelo de evaluacion de costes basado en la prevalencia. An Pediatr
(Barc). 2011;74:145-53.

Greenough A, Alexander J, Burgess S, Bytham J, Chetcuti PA, Hagan J, et al.
Health care utilisation of prematurely born, preschool children related to
hospitalisation for RSV infection. Arch Dis Child. 2004;89(7):673-8.

Chiou CF, Weaver MR, Bell MA, Lee TA, JWI K. Development of the multi-
attribute pediatric asthma health outcome measure (PAHOM). Int J Qual
Health Care. 2005;17(1):23-30.

Checchia PA, Nalysnyk L, Fernandes AW, Mahadevia PJ, Xu Y, Fahrbach K; et al.
Mortality and morbidity among infants at high risk for severe respiratory
syncytial virus infection receiving prophylaxis with palivizumab: a systematic
literature review and meta-analysis. Pediatr Crit Care Med. 2011;12:580--8.
Catald Lopez F, Garcia-Altés A. Algunas consideraciones metodoldgicas en
la evaluacién econdmica de intervenciones preventivas: un debate abierto.
PharmacoEconomics Span Res Art. 2008,5:61-5.

Sacristén JA, Oliva J, Del Llano J, Prieto L, Pinto JL. ;Qué es una tecnologia
sanitaria eficiente en Espafna? Gac Sanit. 2002;16:334-43.

Vallejo-Torres L, Garcia-Lorenzo B, Castilla |, Valcarcel Nazco C, Garcia-Pérez
L, Linertovd R, Serrano-Aguilar P. Valor Monetario de un Ano de Vida
Ajustado por Calidad: Estimacion empirica del coste de oportunidad en el
Sistema Nacional de Salud. Ministerio de Sanidad, Servicios Sociales e
Igualdad. Servicio de Evaluacion del Servicio Canario de la Salud: Informes
de Evaluacion de Tecnologias Sanitarias; 2015. http://wwws3.
gobiernodecanarias.org/sanidad/scs/contenidoGenerico jsp?idDocument=
e690e0c1-cbed-11e5-a9¢5-a398589805dc&idCarpeta=ce590e62-7af0-11e4-
a62a-758e414b4260. Accessed 10 Jan 2017

Palivizumab, a humanized respiratory syncytial virus monoclonal antibody,
reduces hospitalization from respiratory syncytial virus infection in high-risk
infants. The IMpact-RSV study group. Pediatrics. 1998;102(3 Pt 1):531-7.
Sampalis JS. Morbidity and mortality after RSV-associated hospitalizations
among premature Canadian infants. J Pediatr. 2003;143(Suppl 5):150-6.
Rodriguez Barrios JM, Pérez Alcantara F, Crespo Palomo C, Gonzélez Garcia
P, Antén De Las Heras E, Brosa Riestra M. The use of cost per life year
gained as a measurement of cost-effectiveness in Spain: a systematic review
of recent publications. Eur J Health Econ. 2012;13(6):723-40.

American Academy of Pediatrics Committee on Infectious Diseases.
American Academy of Pediatrics Bronchiolitis Guidelines Committee.
Updated guidance for palivizumab prophylaxis among infants and young
children at increased risk of hospitalization for respiratory syncytial virus
infection. Pediatrics. 2014;134:e620-38.

Figueras Aloy J, Carbonell Estrany X, Comité de Estdndares de la SENeo.
Update of recommendations on the use of palivizumab as prophylaxis in
RSV infections. An Pediatr. 2015;82:199. e1-2

Yogev R, Krilov LR, Fergie JE, Weiner LB. Re-evaluating the new committee
on infectious diseases recommendations for Palivizumab use in premature
infants. Pediatr Infect Dis J. 2015;34:958-60.


http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000257/WC500056908.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000257/WC500056908.pdf
http://www.aetsa.org/publicacion/efectividad-seguridad-y-eficiencia-del-palivizumab-en-la-prevencion-de-la-infeccion-por-el-virus-respiratorio-sincitial-en-prematuros
http://www.aetsa.org/publicacion/efectividad-seguridad-y-eficiencia-del-palivizumab-en-la-prevencion-de-la-infeccion-por-el-virus-respiratorio-sincitial-en-prematuros
http://www.aetsa.org/publicacion/efectividad-seguridad-y-eficiencia-del-palivizumab-en-la-prevencion-de-la-infeccion-por-el-virus-respiratorio-sincitial-en-prematuros
http://www.aetsa.org/publicacion/efectividad-seguridad-y-eficiencia-del-palivizumab-en-la-prevencion-de-la-infeccion-por-el-virus-respiratorio-sincitial-en-prematuros
https://botplusweb.portalfarma.com/
http://www.boe.es/boe/dias/2010/05/24/pdfs/BOE-A-2010-8228.pdf
http://esalud.oblikue.com/
http://www3.gobiernodecanarias.org/sanidad/scs/contenidoGenerico.jsp?idDocument=e690e0c1-cbed-11e5-a9c5-a398589805dc&idCarpeta=ce590e62-7af0-11e4-a62a-758e414b4260
http://www3.gobiernodecanarias.org/sanidad/scs/contenidoGenerico.jsp?idDocument=e690e0c1-cbed-11e5-a9c5-a398589805dc&idCarpeta=ce590e62-7af0-11e4-a62a-758e414b4260
http://www3.gobiernodecanarias.org/sanidad/scs/contenidoGenerico.jsp?idDocument=e690e0c1-cbed-11e5-a9c5-a398589805dc&idCarpeta=ce590e62-7af0-11e4-a62a-758e414b4260
http://www3.gobiernodecanarias.org/sanidad/scs/contenidoGenerico.jsp?idDocument=e690e0c1-cbed-11e5-a9c5-a398589805dc&idCarpeta=ce590e62-7af0-11e4-a62a-758e414b4260

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Model structure
	Patient population
	Clinical inputs
	Cost estimation
	Utilities
	Sensitivity analyses

	Results
	Base case
	Sensitivity analysis

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

