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conText: Palivizumab prophylaxis is used as passive immunization for respiratory syncytial
virus (RSV). However, because of its high cost, the value of this intervention is unclear.

0BJECTIVE: To systematically review the cost-effectiveness of palivizumab prophylaxis compared
with no prophylaxis in infants <24 months of age.

DATA sOURCES: Medline, Embase, and Cochrane Library up to August 2018.

STUDY SELECTION: Two reviewers independently screened results to include economic evaluations
conducted between 2000 and 2018 from Organization for Economic Cooperation and
Development countries.

DATA EXTRACTION: Two reviewers independently extracted outcomes. Quality appraisal was
completed by using the Joanna Briggs Institute checklist. Costs were adjusted to 2017 US
dollars.

resuLts: We identified 28 economic evaluations (20 cost-utility analyses and 8 cost-
effectiveness analyses); most were from the United States (n = 6) and Canada (n = 5). Study
quality was high; 23 studies met >80% of the Joanna Briggs Institute criteria. Palivizumab
prophylaxis ranged from a dominant strategy to having an incremental cost-effectiveness ratio
of $2526 203 per quality-adjusted life-year (QALY) depending on study perspective and
targeted population. From the payer perspective, the incremental cost-effectiveness ratio for
preterm infants (29-35 weeks’ gestational age) was between $5188 and $791 265 per QALY,
with 90% of estimates <$50 000 per QALY. Influential parameters were RSV hospitalization
reduction rates, palivizumab cost, and discount rate.

Limitations: Model design heterogeneity, model parameters, and study settings were barriers to
definitive conclusions on palivizumab’s economic value.

concLusions: Palivizumab as RSV prophylaxis was considered cost-effective in prematurely born
infants, infants with lung complications, and infants from remote communities.
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Respiratory syncytial virus (RSV) is
the most common cause of lower
respiratory tract infections in infants
and young children worldwide." It is
a ubiquitous virus that nearly 100%
of infants will contract within 2 years
after birth.>”* RSV is a seasonal
respiratory infection that is

a significant cause of morbidity and
mortality, with the virus estimated to
cause up to 90% of pediatric
bronchiolitis hospitalizations and up
to 50% of pediatric hospitalizations
for pneumonia.” Risk factors for
severe RSV in infants include preterm
birth, congenital heart disease (CHD),
bronchopulmonary dysplasia (BPD)
or chronic lung disease (CLD), cystic
fibrosis, Down syndrome, and

a weakened immune system.®™®

Although there is currently no vaccine
available to prevent RSV infection,
since 1998, passive prophylaxis has
been available with palivizumab.’
Palivizumab is a humanized murine
monoclonal antibody administered
monthly as an intramuscular injection
and has shown a significant reduction
in the overall rate of hospitalization
due to RSV infection.!® However,
because of its high acquisition costs,
there has been considerable debate
surrounding the cost-effectiveness of
this intervention. Since 2000, the
cost-effectiveness of palivizumab has
been summarized in 8 reviews, of
which half were completed

>10 years ago.'*"* In a recent study
in 2013, Andabaka et al'® reported
that the economic evaluation results
are inconsistent across studies,
ranging from highly cost-effective to
not cost-effective depending on the
scenario. Our objective for this study
was to provide an update on the cost-
effectiveness of palivizumab passive
immunization for the prevention of
RSV in infants and children up to

24 months of age and, when possible,
to stratify results by at-risk
populations to inform policy
decisions for these groups. We
conducted a systematic scientific-
literature review for economic

evaluations conducted in high-income
countries from the Organization for
Economic Cooperation and
Development (OECD) to limit
heterogeneity in population baseline
health, health care systems, and
quality of care and included studies
conducted after 2000. With this
review, we provide a much-needed
update to support health-policy
decision-making for palivizumab
prophylaxis, with particular emphasis
on cost-effectiveness results
according to gestational age at birth
for preterm infants, which has
historically been an area of clinical
and policy uncertainty.**17

METHODS

Search Strategy

We conducted our systematic review
by following the Preferred Reporting
Items for Systematic Reviews and
Meta-analyses guidelines.'® The
search strategy was developed with
a Public Health Agency of Canada
librarian. We conducted a scientific
literature search for English- and
French-language studies published in
3 electronic databases: Medline and
Epub Ahead of Print and Medline In-
Process & Other Non-Indexed
Citations (Ovid interface), Embase
(Ovid interface), and the Cochrane
Library, which included the Health
Technology Assessment Database, the
National Health Service (NHS)
Economic Evaluation Database, and
the Database of Abstracts of Reviews
of Effects. In our search, we used
medical-subject headings and text
words related to the following
concepts: respiratory syncytial virus,
palivizumab, economic evaluations,
and cost-effectiveness. The primary
search strategy was developed in
Medline and adapted to other
databases to account for database-
specific vocabulary and functionality.
A complete list of search terms and
the full search strategy for Medline
are summarized in Supplemental
Table 4. We manually searched the

reference lists from relevant articles
and systematic reviews.

Eligibility Criteria

The protocol and eligibility criteria
for studies are published on
PROSPERO (identifier
CRD42018104977). We included full
economic evaluations (eg, cost-
benefit analysis, cost-effectiveness
analysis, and cost-utility analysis) in
which palivizumab prophylaxis for
RSV was compared with any
comparator (eg, no prophylaxis) for
infants up to 24 months of age on the
basis of current guidelines from
Canada’s National Advisory
Committee on Immunization.’® We
included economic evaluations that
were conducted in OECD countries
between 2000 and present and
reported outcomes related to an
incremental ratio of cost per unit (eg,
cost per quality-adjusted life-year
[QALY], cost per case averted, cost
per life-year gained [LYG], and cost-
benefit ratio). We excluded cost-
minimization studies, cost-of-illness
studies, and budget-impact analyses.
We excluded studies conducted
outside of OECD countries, studies
published in a language other than
English or French, and studies
published before 2000.

Data Extraction and Analysis

Screening, data extraction, and
quality appraisal were completed in
duplicate (by S.M. and A.S.). All levels
of screening were completed using
DistillerSR (Evidence Partners,
Ottawa, Canada). Conflicts were
discussed and resolved through
consensus. Data extraction was
guided by Consolidated Health
Economics Evaluation and Reporting
Standards statement.?® We collected
study characteristics (publication
year, country, study design, study
perspective, time horizon,
discounting, primary and secondary
outcomes, use of cost-effectiveness
thresholds, and funding sources),
study population characteristics (age
range, gestational age, health

Downloaded from www.aappublications.org/news by guest on November 3, 2020

MAC et al


http://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2018-4064/-/DCSupplemental
http://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2018-4064/-/DCSupplemental

conditions, and setting), key
parameters (RSV incidence and/or
hospitalization rates, mortality rates,
sequelae, cost of palivizumab, and
number of doses), and results (base-
case incremental cost-effectiveness
ratios [ICERs], scenario analyses, type
of sensitivity analysis, and influential
parameters). The quality of included
studies was assessed by using the
Joanna Briggs Institute (JBI) Critical
Appraisal Checklist for Economic
Evaluations.”! We classified a study
as high quality if it met >80% of the
JBI checklist criteria.??

We descriptively summarized the
study characteristics and population
characteristics. Cost-effectiveness
outcomes were adjusted to 2017 US
dollars (USDs) by using purchasing
power parity rates from the OECD?
and US inflation rates from the US
Department of Labor. Unadjusted and
adjusted ICERs were summarized. We
conducted subgroup analyses to
summarize the cost-effectiveness for
studies conducted from remote
regions of the Canadian Arctic and
studies in which cost-effectiveness
was reported in costs per QALY for
preterm infants. For studies that
included preterm infants, we stratified
on the basis of gestational age at birth
(weeks) and plotted this against the
adjusted ICERs to visually identify the
spread of ICER estimates and possible
trends related to gestational age. The
number of estimates and the
proportion of them being cost-
effective at various thresholds were
summarized. A meta-analysis of cost-
effectiveness was inappropriate
because of the heterogeneity of the
study setting, model designs,
parameters used, population, and
perspective taken in the studies.

RESULTS

Our systematic literature search
identified 237 deduplicated records,
of which 30 met our eligibility criteria
and were included in our review
(Fig 1).*%**52 Conclusions of 2

studies®"*! were updated by using more

recent data,>>3° which excluded them
from our review’s analysis and
conclusions. The 28 studies included
were published between 2000 and
2018, with most conducted in the
United States (n = 6), Canada (n = 5),
Netherlands (n = 3), United Kingdom
(n = 3), and Spain (n = 3). The rest of the
studies were conducted in Austria

(n = 2), Germany (n = 2), Italy (n = 1),
Mexico (n = 1), New Zealand (n = 1), and
Sweden (n = 1). Study characteristics are
summarized in Table 1.

Most studies (83%) met >80% of the
JBI quality appraisal checklist criteria

Records identified through
database searching
(n =235)

(Supplemental Table 5). The 2
checklist items that were least met
were whether the study results
included all issues of concerns to
users (39%) and whether all relevant
costs and outcomes were identified
(75%). Overall, studies included in
this review were considered
relatively high quality (Fig 2).

Study Population

In 14 studies, the subject's
chronological age was explicitly
reported to be <24 months, whereas
in the other 14 studies, it was
assumed that the cost-effectiveness of
palivizumab was assessed in infants

Records identified through manual
search of reference lists

Records screened
(n=237)

(n=2)

Records excluded

Full-text articles assessed for
eligibility
(n=283)

(n =154)

Full-text articles excluded, with
reasons (n=53)

45 not a full economic evaluation

Studies included in review
(n=30)

Studies included in analysis
(n =28)

FIGURE 1
Literature search and study selection.

3 intervention was not
palivizumab prophylaxis
3 duplicates

1 inappropriate outcomes
1 editorial
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TABLE 1 Study Characteristics

Author, y Country Perspective  Type of Outcome Population Time Discount Industry Funding
Analysis Measure Horizon Rate
Banerji et al** Canada Payer CEA Cost per HA  Term infants 6 mo N/A  Abbott and Medimmune, LLG (grants)
2016
Bentley et al®® United Payer CUA Cost per Preterm infants with  Lifetime 35%  AbbVie
2013 Kingdom QALY CHD, and CLD
Blanken et al*® Netherlands  Societal CUA Cost per Preterm infants 1y N/A Unknown: grants for investigator-
2018 QALY initiated studies from Medlmmune
and AbbVie, including the MAKI trial,
from which data for this CEA were
derived
Chirico et al’’ Italy Payer CUA Cost per Preterm infants with  Lifetime 3% Abbott
2009 QALY BPD
Elhassan United Societal CUA; GBA  Cost per Preterm infants 8y 3% None
et al** 2006  States QALY without CLD
Hampp et al*®  United Payer CEA Cost per HA  Preterm and term NR NR None
2011 States infants (both with
and without CHD
and CLD)
Harris et al*®  Canada Societal CEA; CBA  Cost per day Infants with CHD 5 y? NR Unknown: honorarium (<$1000) from
2011 of HA Abbott Laboratories
Hascoet et al®® France Societal (BC) CEA; CBA Cost per LYG Preterm infants with Lifetime 3% Abbott France
2008 and payer CHD or BPD
Lofland et al**  United Payer CEA Cost per RSV Preterm infants with 6 mo N/A Medimmune, LLC
2000 States infection CLD
avoided
Mahadevia United Societal CUA Cost per Preterm infants Lifetime 3% Medimmune, LLC
etal2012  States QALY
McGirr et al®®  Canada Payer CUA Cost per Term infants with Lifetime 5% None
2017 QALY cystic fibrosis
Neovius et al®® Sweden Societal CUA Cost per Preterm infants Lifetime 3% Abbott Scandinavia
2011 QALY
Nuijten et al®®  Germany Societal (BC) CUA Cost per Infants with CHD Lifetime 5%  Abbott
2009 and payer QALY
Nuijten et al®® Netherlands Payer (BC) CUA Cost per Preterm infants with Lifetime 4%, 1.5%° Abbott GmbH & Co KG (Ludwigshafen,
2009 and QALY BPD and CHD Germany)
societal
Nuijten et al?®  Spain Payer (BC) CUA Cost per Preterm infants Lifetime 3% Abbott GmbH & Co KG (Ludwigshafen,
2010 and QALY Germany)
societal
Nuijten et al**  United Payer (BC) CUA Cost per Preterm infants with Lifetime 3.5% Abbott GmbH & Co KG (Ludwigshafen,
2007 Kingdom and QALY; cost BPD and CHD Germany)
societal per HA
Resch et al®"*2  Austria Payer (BC)  CUA Cost per Preterm infants with ~ Lifetime 5% None
2008, 2012 and QALY BPD and CHD
societal
Rietveld et al** Netherlands  Societal CEA Cost per HA  Preterm infants with 1y N/A None
2010 BPD
Roeckl- Germany Societal CEA Cost per HA  Preterm infants with 1y N/A Abbott Laboratories, Germany
Wiedmann risk factors
et al®* 2003
Salinas- Mexico Payer CUA Cost per Preterm infants Lifetime 3% Abbott Laboratories of Mexico
Escudero QALY
et al*® 2012
Sanchez-Luna  Spain Payer (BC) CUA Cost per Preterm infants with 6y 3% None
et al*’ 2017 and QALY risk factors
societal
Schmidt et al*® Spain Societal CUA Cost per Infants with CHD Lifetime 3% AbbVie (grant)
2017 QALY
Smart Canada Payer (BC) CUA Cost per Preterm infants with  Lifetime 5% Unknown: financial and other
et al*%®! and QALY risk factors relationships with Abbott but not
2010 societal funded for this study
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TABLE 1 Continued

Author, y Country Perspective  Type of Outcome Population Time Discount Industry Funding
Analysis Measure Horizon Rate
Tam et al®  Canada Payer (BC)  CUA Cost per NR Lifetime 5%  Abbott Laboratories and Abbott
2009 and QALY International (grant)
societal
Vogel et al*'  New Zealand Societal CEA; CBA  Cost per Preterm infants with 3y NR  Abbott (grant)
2002 case CLD
averted
Wang et al'*  United Payer (BC)  CUA Cost per Preterm infants with Lifetime ~ 35%  None
2008 Kingdom and QALY BPD, CHD, or CLD;
societal term infants with
risk factors
Weiner et al*?  United Societal CUA Cost per Preterm infants with Lifetime 3% Medimmune, LLC
2012 States QALY risk factors
Yount et al*® United Societal CUA; CBA  Cost per Infants with CHD Lifetime 3% None
2004 States QALY

BC, base case; CBA, cost-benefit analysis; CEA, cost-effectiveness analysis; CUA, cost-utility analysis; NR, not reported; N/A, not applicable.
a Not clearly reported; assumed on the basis of data used for cohorts.
b Four percent for economic outcomes and 1.5% for clinical outcomes.

<24 months of age on the basis of
their respective country guidelines on
palivizumab use. High-risk infant
populations were often studied, and,
in some cases, overlapped: preterm
infants (=35 weeks’ gestational age
[wGA]) (n = 19), BPD or CLD (n = 13),
CHD (n = 11), and other risk factors
(n =6).

Study Outcomes

Base-case analyses were almost
equally conducted from a societal
perspective (n = 13) or health
care-payer perspective (n = 15). In 8
of the 15 payer-perspective studies,
additional analyses were performed
from a societal perspective. Time
horizon ranged from 6 months to
lifetime; a time horizon was not
reported in 1 study.*® (Table 1)
Discount rates ranged between 3%
and 5%; in 5 studies, the authors did
not discount because of a limited time
horizon,?+333%4546 and a discount
rate was not reported in 3
studies.***3*° The majority of studies
were industry sponsored (n = 17;
61%). Cost-effectiveness was mostly
reported as cost per QALY (n = 20)
and cost per hospitalization averted
(HA) (n = 5). For the remainder of
this review, we described results
using adjusted ICERs (2017 USDs);
original unadjusted ICERs are
summarized in Table 2.

Cost-effectiveness Reported in Cost
per QALY

For studies in which cost-
effectiveness was reported in cost per
QALY units, we summarized the
number of estimates, the ICER ranges,
and the proportion of estimates
under selected thresholds of $50 000
to $200 000 per QALY, stratified by
population subgroups and study
perspective in Table 3. From a health
care-payer perspective, there were
22 varying cost-effectiveness
estimates for preterm infants, ranging
between $5188 and $791 265 per
QALY." The subgroups with the next
highest estimates were preterm
infants with risk factors

(n = 14),%>373940 in which the ICER
was between $177 and $169 103 per
QALY; infants with CHD

(n = 10),1%27:29303235 i which the
ICER was between $9837 and

$139 051 per QALY; and infants with
BPD or CLD (n = 6),2729323547 jp
which the ICER was between $3984
and $40 036 per QALY. At a threshold
of $100 000 per QALY, 86% of
estimates for preterm infants, 86% of
estimates for preterm infants with
risk factors, 90% of estimates for
infants with CHD, and 100% of
estimates for infants with BPD or CLD

* Refs 14,27-29,32,36,37,39,47

were considered cost-effective. Other
risk factors considered in preterm
infants included chronological age at
the beginning of the RSV season,
school-aged siblings, day care
attendance, smoking during
pregnancy, male sex, and cystic
fibrosis (in term infants

only). 2537394252 Erom a societal
perspective, palivizumab prophylaxis
was considered a dominant strategy
(ie, the strategy provided additional
clinical benefit and was cost saving)
in some instances for preterm
infants,?®*%°2 term infants (with and
without other risk factors),40 and
infants with CHD.?°

Cost-effectiveness Reported in HAs

There were 5 studies in which cost-
effectiveness was reported in cost per
HA,*24333448 of which 2 were
industry funded.**** In the study by
Banerji et al,%* the authors studied
healthy term infants from a payer
perspective in different regions of the
Canadian Arctic and compared 2
scenarios of palivizumab prophylaxis
for infants who were <6 months of
age. The ICER for palivizumab
prophylaxis ranged from being
dominant (in specific Arctic regions)
to $479 242 per HA in the Northwest
Territories.”* Also from the payer
perspective, Hampp et al*® assessed
cost-effectiveness in preterm infants
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FIGURE 2
Quality appraisal results.

(<32 wGA) and term infants with
CHD, CLD, and combinations of all 3
risk factors in a Florida setting. The
ICERs were between $339 852
(preterm infants) and $2 406 129 per
HA (healthy term infants without CLD
or CHD).*®

From a societal perspective, the study
by Rietveld et al** in 2010 from
southwest Netherlands studied
preterm infants (<28 wGA) with
additional risk factors (male sex, birth
weight <2500 g, and BPD). The ICER
ranged between $21 066 and
$1331529 per HA depending on the
month of the prophylaxis. The most
cost-effective month for palivizumab
prophylaxis (lowest ICER) was
December, whereas the least cost-
effective month was October. In this

study, the authors recommended

a restricted immunization policy on
the basis of their results.** Roeckl-
Wiedmann et al** conducted a study
in 2003 from southern Germany on
preterm infants (<35 wGA) with
additional risk factors. ICERs ranged
between $10011 and $308 658 per
HA for preterm infants with CLD and
preterm infants with risk factors
(male sex, no CLD, and no siblings in
school), respectively. In this study, the
authors also recommended

a restricted use of palivizumab in
preterm infants with CLD.3*

Cost-effectiveness in Other Outcomes

Authors of 4 studies reported cost-
effectiveness of palivizumab
prophylaxis in other units: cost to

prevent 1 day of hospitalization,*’
cost per LYG,*° cost per case
averted,*! and cost per RSV infection
episode avoided.*® In 3 of 4 studies,
authors conducted analyses from

a societal perspective.***% Harris
et al*? conducted an economic
evaluation on term infants with CHD
in western Canada. The base-case
ICER was $15111 per 1 day of
hospitalization prevented.*® Hascoet
et al® studied preterm infants (<32
wGA) with BPD or significant CHD in
France. The base-case ICER was
$36971 per LYG and $28 198 per LYG
for preterm infants with BPD and
preterm infants with cardiopathy
(CHD), respectively. The authors of
this study used a cost-effectiveness
threshold (unadjusted) of 45000
Euros per LYG and considered
prophylaxis cost-effective for both
subgroups in France.”® In New Zealand,
Vogel et al*! studied preterm infants
(<28 and 29-31 wGA) and infants
with CLD. The ICER ranged between
$28 265 per case avoided for preterm
infants discharged from the hospital on
oxygen and $164 176 per case avoided
for preterm (29-31 wGA) infants with
CLD. The authors concluded that the
intervention was more cost-effective
for preterm infants discharged from
the hospital on oxygen followed by
preterm infants of =28 weeks’
gestation.” Lastly, Lofland et al*®
studied preterm infants with CLD in
the United States. Their model used

a reduction in incidence of RSV
infection instead of a hospitalization
reduction approach, ranging from

a 50% ($56 313 per RSV infection
episode avoided) to 83% reduction, in
which palivizumab prophylaxis was
considered a dominant strategy (ie,
cost savings).*®

Cost-effectiveness in Preterm Infants

The cost-effectiveness of palivizumab
prophylaxis compared with no
palivizumab prophylaxis ranged from
being a dominant strategy to

$2 526 203 per QALY in preterm
infants. Because studies estimated
cost-effectiveness for varying ranges
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TABLE 3 Summary of Cost-effectiveness Estimates by Health Condition and Perspective

Health Conditions

BPD or CLD CHD Healthy Preterm Preterm With Preterm With Other Risk
BPD or CLD Risk Factors Factors®
Payer perspective
No. estimates 6 10 6 22 4 14 4
ICER (minimum) 3984 9837 Dominant 5188 12653 177 Dominant
ICER (maximum) 40036 139051 148 205 791265 111171 169103 560792
Proportion of estimates’ CE <<$50 000 per QALY 1.00 0.80 0.67 0.86 0.75 0.79 0.50
Proportion of estimates’ CE <<$100000 per QALY 1.00 0.90 0.67 0.86 0.75 0.86 0.50
Proportion of estimates’ CE <$200000 per QALY 1.00 1.00 1.00 0.91 1.00 1.00 0.75
Societal perspective
No. estimates 1 8 6 23 3 6 2
ICER (minimum) 23469 Dominant Dominant Dominant 15779 18 041 Dominant
ICER (maximum) 23469 176.749 145903 2526203 116573 522514 Dominant
Proportion of estimates’ CE <<$50 000 per QALY 1.00 0.63 0.67 0.43 0.67 0.33 1.00
Proportion of estimates’ CE <<$100000 per QALY 1.00 0.63 0.83 0.48 0.67 0.67 1.00
Proportion of estimates’ CE <<$200000 per QALY 1.00 1.00 1.00 0.52 1.00 0.67 1.00

All ICERs are reported in 2017 USDs per QALY. GE, cost-effective.
a Cystic fibrosis, major risk factors (chronological age <10 wk at beginning of RSV season [being born during first 10 wk of the season], school-aged siblings, and day care attendance),
and minor risk factors (mother smoking during pregnancy and male sex).

of wGA, we were unable to group all
estimates into predefined intervals.
For example, we did not group <29
WGA estimates under the <32 wGA
estimates because we could not infer
or reasonably assume the breakdown
of the wGA in each preterm group.
From the payer perspective, the ICER
for palivizumab prophylaxis for infants
born at <29 wGA (n = 3) ranged
between $5188 and $20 038 per
QALY.3>3® For infants born at 29 to 32
wGA, the ICER (n = 3) ranged between
$8337 and $48 430 per QALY.3>3° At
<32 wGA and <33 wGA, 2 estimates
($10 715-$21 130 per QALY)*® and 3
estimates ($13 679-$35 151 per
QALY) were identified,
respectively.’**” In the 32- to 35-wGA
range (includes 2 estimates at 32-35
wGA and 4 estimates at 33-35 wGA),
there were 6 ICER estimates for
preterm infants ($21783-$756 060
per QALY)*#25373947 and 14 ICER
estimates for preterm infants with
additional risk factors

($177-$169 103 per QALY).>”*° For
preterm infants born at <35 wGA,
there were 5 estimates between
$25838 and $791 265 per
QALY.'*?72932 A]] preterm infants
with BPD or CLD were estimated in
this <35-wGA group, in which the 4
estimates were between $12 653 and
$111171 per QALY.1%27:2947

From a societal perspective, estimates
of preterm infants born at 26 to 28
wGA were entirely extracted from
Elhassan et al,** with ICERs between
$140341 and $2 043230 per QALY.
For preterm infants born at <29
wGA, there were 5 ICER estimates
between $19 000 and $1 134 793 per
QALY.2® The cost-effectiveness of
palivizumab from a societal
perspective varied across studies for
preterm infants born between 29 and
35 wGA, with ICER estimates
between $381427 and $920 300 per
QALY (29-30 wGA),** being

a dominant strategy (ie, cost savings
and provides clinical benefits for <32
WGA),254%52 $26 424 and $272 654
per QALY (32-35 wGA),>”*® and

$21 124 and $828 728 per QALY
(<35 wGA).'*3? In preterm infants
(<35 wGA) with lung complications,
3 studies reported separate ICER
estimates between $15 779 and
$116 573 per QALY.**?729 Six
estimates were reported for preterm
infants with risk factors between
$18401 and $522 514 per QALY
($18401-$50369 per QALY for two
32-34-wGA estimates and
$43023-$522 514 per QALY for four
32-35-wGA estimates).*>52

We stratified and plotted the ICERs
for palivizumab prophylaxis

expressed in cost per QALY in
preterm infants by wGA in Fig 3; we
presented 57 of 72 ICER estimates,
stratified by study perspective, that
were estimated <$200 000 per
QALY." In Fig 3, 51 of the 57 (89%)
ICER estimates for preterm infants
(with or without other RSV risk
factors) were below the $100 000-
per-QALY threshold. Of the 15 ICER
estimates excluded from Fig 3, 8 (ie,
more than half) were from a single
study by Elhassan et al,** whereas the

rest were single estimates from other
studies,1426:3539,42,46,52

Cost-effectiveness in Infants From
Remote Regions of the Ganadian
Arctic

Authors of 2 studies investigated the
cost-effectiveness of palivizumab
prophylaxis in Arctic (remote)
regions of Canada.?**® In the study by
Tam et al,* palivizumab was cost-
effective from a health care-payer
perspective for all infants from Baffin
Island who were <1 year of age
($38 414 per QALY) or <6 months of
age ($9926 per QALY), infants

<1 year of age and from high risk
areas for RSV ($325 per QALY),
infants <1 year of age from remote
areas ($24 109 per QALY), infants

T Refs 14,26-29,31,32,35-37,39,42,44,47,51,52.
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<6 months of age from remote areas
(dominant), and infants <6 months of
age from high risk areas for RSV
(dominant). However, when
compared with a $100 000-per-QALY
threshold, it was not cost-effective for
infants <6 months or for infants

<1 year of age residing in Iqgaluit.*
Similarly, Banerji et al** concluded
that their proposed palivizumab
programs would be cost-effective in
some but not all Arctic regions. The
authors of both studies attributed the
likelihood of these results to the
higher hospitalization rates and
transportations costs associated with
hospitalization from remote areas to
hospitals.?**°

200000
150000
g °
]
o
v
[a]
@
D 100000 teeeececerereretttcacecaresttetencacasasnans
~N
-
o
o
<
w
Q9
([ ]
50000 = + = ¢+ =+ = = - o - -
A
26 28
FIGURE 3

Key Parameters

Reduction in RSV hospitalization used
in models ranged between 39% for
infants with CLD in the United
Kingdom®® and 96% in healthy
infants in a Canadian Arctic setting.**
Mortality was reported in 19 studies,
ranging between 1%**°° and
8.11%>? for various infant
populations. The number of
palivizumab doses per season was
between an average of 3.88 doses in
a 5-month season in Spain®’ and 6
doses in a 6-month RSV season.**
Authors of most studies evaluated
cost-effectiveness assuming 5
palivizumab doses per RSV seasons
(n = 17), whereas the authors of 3

A Preterm (payer) ® Preterm with BPD

or CLD (societal)
Preterm withBPDorCLD @  Preterm with RFs

(payer) (societal)

Preterm with RFs ~ ...eeee $100000 threshold

(payer) )
®  Preterm (societal) — + =$50000 threshold

A
([ J
[

=g = Q@ - - =i ===

Le» >

34 36

<WGA

Cost-effectiveness of palivizumab in preterm infants in which the ICER was <<$200 000 per QALY. The
total number of estimates in the scatterplot (n = 57). ICERs >>$200 000 per QALY were not captured in
this figure (n = 15): From the payer perspective, the following were excluded: preterm (<35 wGA):
$791265 per QALY'* and preterm (32-35 wGA): $756 060 per QALY From the societal perspective,
the following were excluded: preterm (26 wGA): $1 130530 per QALY.** preterm (27 wGA): $1764 639
per QALY,** preterm (28 wGA): $2 043 230 per QALY,* preterm (28 wGA): $295 287 per QALY.** preterm
(<<29wGA): $1134 793 per QALY preterm (29-30 wGA): $920 300 per QALY,** preterm (29-30 WGA):
$381427 per QALY* preterm (31 wGA): $1651220 per QALY** preterm (32 wGA): $2526 203 per
QALY** preterm (32-35 wGA): $272654 per QALY*® preterm (<35 wGA): $828 728 per QALY,' and
preterm (32-35 wGA) with RFs: $522514 per QALY®2 and $317 115 per QALY.*? RF, risk factor.

studies did not report the dose
schedule.*>*®*8 The cost of a 100-mg
vial of palivizumab in 2017 USDs was
between $904 (from a UK study)*®
and $1866 (from a US study).**

Influential Parameters

The most influential parameters
reported across the 28 studies were
the following: RSV hospitalization
rates (43%),* cost of palivizumab
(36%),% discount rate
(32%),26_30’32’35'36'38 and efficacy of
palivizumab (299%).33-35414246:48,52
Other parameters that were
influential in multiple studies
included the following: mortality rate
reduction, incidence of RSV (and/or
sequelae), drug wastage resulting
from vial usage, utility values (quality
of life), and dosage scheme.

DISCUSSION

In our systematic review, we
identified 28 relevant economic
evaluations from OECD countries
assessing the cost-effectiveness of
palivizumab prophylaxis compared
with no prophylaxis. The greatest
number of cost-effectiveness
estimates came from preterm infants,
which was expected given their
higher risk for RSV.®® The majority of
estimates for infants with or without
additional risk factors (eg, BPD and
CHD) were below the $100 000-per-
QALY threshold. The only exception
to this was the estimates for preterm
infants from the societal perspective,
in which only 48% of the estimates
were <$100 000 per QALY. This
exception was likely a result of a large
group of estimates (n = 8; 35% of
subgroup) extracted from 1 study,
with estimates between $295 287 and
$2526 203 per QALY.** Possible
reasons for the higher ICERs in this
study may include: using the highest
adjusted cost for a 100-mg vial of
palivizumab at $1866, following
infants only up to 8 years of age, and,

* Refs 24,27,29,30,33-35,39,40,42,48,52.
§ Refs 25,30,33,34,42,44,45,48,49,52.
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as suggested by the authors,
overestimating the quality of life
(utility) for subsequent asthma onset.
Separate sensitivity analyses reducing
the palivizumab cost by 25% and
reducing the health-state utility value
of asthma afforded ICERs <$200 000
per QALY and <$100 000 per QALY,
respectively.**

On the basis of our review, the cost-
effectiveness of palivizumab
prophylaxis varies depending on the
population and setting. To facilitate
comparisons and summarize our
findings, we adjusted all ICERs to
2017 USDs per QALY and stratified
them on the basis of gestational age at
birth and risk factors for RSV in Fig 3.
For term and preterm infants with
BPD or CLD, the ICER was <$50 000
per QALY in 9 of the 10 estimates from
a payer perspective. All other
subgroups of infants (term, preterm,
and with CHD or other risk factors)
resulted in inconsistent results for
palivizumab prophylaxis, with the
intervention being dominant at times
and having an ICER up to $791 265
per QALY in other scenarios. When
stratifying for preterm births by wGA,
we noticed lacking evidence for
infants born at <28 wGA, especially
from the payer perspective. No specific
trend was depicted between the wGA
and the ICER, overall or stratified by
perspective. However, we should note
that although preterm estimates were
available across 26 to 35 wGA,
estimates for preterm infants with
additional risk factors or BPD or CLD
were limited to 33 to 35 wGA.
Generally, one would expect ICERs
from a societal perspective to be lower
than those from a payer perspective,
but on the basis of our review, this
trend does not exist for 2 potential
reasons: (1) payer and societal
perspective estimates were coming
from different studies and (2) there
was heterogeneity in model designs
and differences between setting-
specific costs and RSV epidemiology.

Because palivizumab prophylaxis was
determined to be cost-effective in

some settings but not cost-effective in
others, we summarized the most
frequently reported influential
parameters affecting the ICER, which
were the RSV hospitalization rates and
cost of palivizumab used. Reduction in
RSV hospitalization varied drastically
between 39% and 96% depending on
the population of interest and the
source of the data. The cost of a 100-
mg vial of palivizumab also ranged
between $904 and $1866 (2017 USDs).
The influential nature of both
parameters was expected given that
reduction in RSV and RSV
hospitalization is essential to reduction
in costs and future sequelae, whereas
the costs of palivizumab is directly
related to the ICER. However, it was
interesting to note that vial usage and
dosage scheme only affected the ICER
in 427283841 414 3 studies, 414
respectively. In studies where drug
wastage through vial usage was
addressed, ICERs fluctuated up to 50%
depending on the assumed vial usage.
In a New Zealand study, assuming no
vial sharing (the entire 100-mg vial is
used per injection) increased costs up
to 50%,*" whereas authors of a study
from Spain reported a lower ICER
when 50-mg vials were used instead of
100-mg vials.?® It has been suggested
in the literature and by physicians that
vial-usage efficiency can be achieved
for palivizumab.>® Authors of many
studies did not assess scenarios in
which the vial usage became more
efficient or the number of assumed
doses was reduced, which remains

a question that can be addressed in
future studies.

The cost-effectiveness of palivizumab
prophylaxis has been explored in
multiple reviews in the past 2
decades, "% but only 4 have been
published between 2010 and
2013.>°*7°¢ Qur results and
conclusions are consistent with those
in other reviews and are most
comparable with the systematic
review by Smart et al®* published in
2010 in which the authors reported
ICERs (in 2009 Canadian dollars) for

palivizumab prophylaxis varying
between being dominant and

$3365 768 per QALY depending on the
study population, outcomes, and model
parameters. We added onto this review
by capturing studies from 2010 to mid-
2018 but limited our scope to OECD
countries and adjusted for inflation
differences by using the purchasing
power parity rates from the OECD. In
their reviews, Andabaka et al'® and
Prescott et al*® similarly concluded that
cost-effectiveness of palivizumab was
inconsistent. Hussman et al>> conducted
a review on RSV prophylaxis overall and
included studies in which palivizumab
and other interventions (eg, respiratory
syncytial virus immune globulin
intravenous) were compared. To our
knowledge, our review is the first to
provide an update on the cost-
effectiveness of palivizumab prophylaxis
compared with no prophylaxis since the
2014 American Academy of Pediatrics
(AAP) guideline update.”’

Our review has several limitations.
Differences in model designs, RSV
hospitalization rates used, disease
progress, study perspectives, and
settings prevented us from providing
definitive conclusions on the value of
this intervention. We attempted to
summarize the cost-effectiveness of
this intervention from 2000 to 2018
but acknowledge that changes in AAP
recommendations in the United
States (and decision-makers in other
respective countries) over time can
affect model design and input data.
Lastly, our review may be subject to
publication and language bias
because we did not search the gray
literature or include articles not in
English or French.

Despite these limitations, with our
review, we provide a comprehensive
summary of the cost-effectiveness of
palivizumab prophylaxis from OECD
countries to inform decision-makers
of the estimated value of this
intervention in term infants, preterm
infants, and infants at high risk for
RSV (eg, CHD and BPD or CLD). We
extracted all base-case results and
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scenario analyses to create Fig 3,
which gives a sense of the number of
studies (and estimates) that fall
under specific cost-effectiveness
thresholds from both payer and
societal perspectives. We
standardized all estimates to 2017
USDs, which allowed us to group,
stratify, and compare the cost-
effectiveness estimates in costs per
QALY. These adjusted ICERs should
be useful for program decision-
makers because costs can be
significantly underestimated if not
appropriately inflated.

CONCLUSIONS

Palivizumab prophylaxis for RSV can
be considered cost-effective in certain
subgroups of infants according to
predefined cost-effectiveness
thresholds but varied depending on

study setting, population of interest,
risk factors, and input parameters.
From a payer perspective,
palivizumab was found to be
relatively cost-effective in infants
with BPD or CLD, infants with CHD,
term infants from specific remote
communities, and preterm infants
with and without lung complications.
Authors of future studies should take
into account all influential
parameters presented in this review,
especially concerns regarding vial
usage and dosage because these can
drastically reduce the costs
associated with the intervention and
impact the model outcomes.
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ABBREVIATIONS

BPD: bronchopulmonary dysplasia

CHD: congenital heart disease

CLD: chronic lung disease

HA: hospitalization averted

ICER: incremental cost-
effectiveness ratio

JBI: Joanna Briggs Institute

LYG: life-year gained

NHS: National Health Service

OECD: Organization for Economic
Cooperation and
Development

QALY: quality-adjusted life-year

RSV: respiratory syncytial virus

USD: US dollar

wGA: weeks’ gestational age
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