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ABSTRACT

Introduction Childhood respiratory syncytial virus (RSV)
infection is a global phenomenon that can lead to fatal
respiratory illness. Palivizumab is a drug that is routinely
used in affluent countries as a prophylaxis against RSV
infection; nevertheless, breakthrough infections are

often reported. In light of new findings on potential RSV
resistance to palivizumab, an up-to-date synthesis of
evidence on effectiveness is needed. Furthering existing
reviews, a broadened scope to better reflect effectiveness
in a ‘real world’ clinical context is also important. This
systematic review and meta-analysis will enhance our
understanding of the effectiveness of palivizumab in
varying populations of children. Findings from this review
will inform recommendations for best practices regarding
palivizumab use for childhood RSV infection as well as
research priorities in RSV vaccine development.

Methods and analysis We will conduct a systematic
review of primary population-based studies that examine
the incidence of palivizumab breakthrough infections in
children, published between 1997 to present. In collaboration
with a research librarian, four electronic databases
(MEDLINE, Embase, Cochrane Library, Web of Science) and
additional sources will be searched. Study screening and
quality assessment will be performed in duplicate. Data

will be extracted by one reviewer, with partial and random
verification by a second reviewer. The primary outcomes to
assess breakthrough RSV infection will be hospitalisation,
length of stay and the need for intensive care unit admission
and mechanical ventilation in children receiving palivizumab.
The secondary outcome will be RSV-associated mortality.
We will conduct a meta-analysis using pooled effectiveness
data, and include subgroup analyses by patient comorbidities
and drug compliance. Sensitivity analyses for risk of bias and
study design will also be performed.

Ethics and dissemination This systematic review will
only include data from previously published literature and
is therefore exempt from ethics approval. Final results
will be disseminated through peer-reviewed publication
and presented at academic conferences and scientific
meetings engaging paediatric researchers and healthcare
providers. Should findings from this review necessitate
updates to current clinical practice guidelines, we intend
to establish a working group to engage relevant health
administrators and decision makers.

Strengths and limitations of this study

» Our proposed meta-analysis integrates multiple sta-
tistical techniques for a comprehensive evaluation of
palivizumab effectiveness.

» Using a two-fold approach to quality assessment,
this review considers the quality of both individual
study methodology and individual outcomes as a
body of evidence.

» This review will provide an up-to-date assessment
of palivizumab effectiveness and findings will inform
existing and new clinical guidelines.

» Knowing the burden of respiratory syncytial virus
(RSV)-related hospital care will support future eco-
nomic analyses of RSV vaccines.

PROSPERO registration number CRD42019122120.

INTRODUCTION

Respiratory syncytial virus in children

Human respiratory syncytial virus (RSV)
infects almost all children within the first
2years of life. Typically, RSV infection mani-
fests as the common cold; however, some
children develop acute lower respiratory
infections (ALRI), a leading cause of child-
hood morbidity and mortality.l Globally,
RSV accounts for approximately 33.1 million
annual ALRI episodes in children.? Across
North America, the rates of RSV-associated
paediatric hospitalisations remain high.3
Although supportive care is commonly used
to manage RSV syrnptoms,4 no existing treat-
ment for RSV infection has been demon-
strated to be effective.’

Palivizumab

Palivizumab is an expensive monoclonal
antibody that binds to a RSV surface glyco-
protein, the fusion protein and inhibits virus-
cell membrane fusion; thereby inhibiting
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RSV replication.®” Despite its promising mechanism of
action, the clinical evidence for palivizumab is limited
to demonstrated effectiveness within select population
groups in developed countries, where palivizumab is
affordable and available.® Moreover, some animal and
human studies have demonstrated RSV resistance to
palivizumab.’ ' In an effort to mitigate the burden of
childhood RSV, attention has been directed towards
preventative strategies. Current clinical recommenda-
tions from the American Academy of Paediatrics (AAP),
which may differ from other jurisdictions, indicate for all
high risk infants to receive palivizumab: preterm infants
with chronic lung disease (CLD), preterm infants without
CLD of prematurity or congenital heart disease (CHD),
infants with haemodynamically significant CHD, children
with anatomic pulmonary abnormalities or neuromus-
cular disorder and profoundly immunocompromised
children."

Why is it important to do this review?

To date, there have been two reviews on the effectiveness
of palivizumab]2 13; however, both are limited in scope.
The 2013 review includes only randomised controlled
trials,'”” and synthesised findings from a very small number
of studies. The 2014 review excluded prospective studies
and registries with end dates in 2018."> Moreover, both
existing reviews limited the study population to AAP-de-
fined high risk infants. Care of infants with prematurity
has changed remarkably since the original palivizumab
trials were conducted with far less use of invasive ventila-
tion and complete repair of CHD now occurs at a much
younger age. Therefore, recent retrospective studies are
of potential value to assessing real-world effectiveness in
the modern era. At this time, an updated evidence base
of palivizumab effectiveness with an inclusive paediatric
population is needed. Given the evidence for potential
resistance to palivizumab,9 19 there is a need to determine
whether there is new evidence demonstrating decreasing
effectiveness over time. This evidence is important to
justify continued use of palivizumab for the current
indications, or to inform changes to clinical guidelines
and practice. Coupled with its implications on health
outcomes, confirming palivizumab effectiveness is also
foundational to a real assessment of economic benefit
and implications for emerging RSV vaccines.

Objective
To evaluate the incidence of palivizumab breakthrough
RSV infections in children.

METHODS AND ANALYSIS

This systematic review protocol has been registered with
the PROSPERO International Prospective Register of
Systematic Reviews  (http://www.crd.york.ac.uk/pros-
pero), as CRD42019122120. We prepared this protocol
in accordance with the Preferred Reporting Items for

Systematic Review and Meta-analysis Protocol (PRIS-
MA-P) checklist.'*

Study design

We will undertake a PRISMA-compliant'® systematic
review and meta-analysis guided by the Cochrane Collab-
oration and Centre for Reviews and Dissemination.

Inclusion and exclusion criteria

Types of studies

We will include primary population-based research
studies that report on the effectiveness of palivizumab use
for prevention of RSV-confirmed hospitalisation in chil-
dren (ie, randomised controlled trials, cohort studies and
case-control studies) and will screen the reference lists
of systematic reviews identified by the search for relevant
studies. Full-text studies from databases and other sources
will be included, however abstracts without full text will
be excluded. There will be no language restrictions. We
will include studies published from 1997 to present, as
marketing of palivizumab for paediatric prophylaxis was
approved by the US Federal Drug Administration in June
1998.

Population

Studies on children who received palivizumab for any
indication will be included. Infants or children with cystic
fibrosis will be excluded as a recent RSV systematic review
was published on this population.'®

Intervention/comparison

We will include studies that report the effectiveness
of palivizumab to prevent RSV hospitalisation, with or
without a comparison group. Studies that include histor-
ical RSV cohorts for comparison will be treated as a single
arm study, as RSV hospitalisation rates vary from year to
year. We will exclude studies that involve palivizumab use
for RSV outbreak control in hospitals and studies that
retrospectively determine palivizumab use from a popula-
tion of patients hospitalised for RSV infection.

Outcome measures

Primary outcomes measures will include hospitalisation
due to RSV, hospital length of stay, intensive care unit
(ICU) admission, ICU length of stay and the need for
mechanical ventilation. The secondary outcome will be
mortality due to RSV infection.

Search methods

Electronic databases

We will search the following electronic databases:
Ovid MEDLINE (1947-), Ovid Embase (1974-), Wiley
Cochrane Library (inception-) and Web of Science (All
databases) via Clarivate Analytics (1864-). Our search
strategy will combine index terms (eg, MeSH) and text
words for palivizumab, or monoclonal antibodies for RSV.
The MEDLINE search strategy will be peer-reviewed by a
second research librarian and then translated into addi-
tional databases. Search results will be limited to human
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studies published since 1997. No language restrictions
will be applied and any studies included based on their
English title and/or abstract will be translated. See online
supplementary appendix A for the MEDLINE search
strategy.

Additional sources

We will also search the trial registry ClinicalTrials.gov for
relevant drug trials on palivizumab, and the regulatory
agency website Drugs@FDA for unpublished reports.
Conference proceedings will be included in our search
of Embase and Web of Science (which includes the
Conference Proceedings Citation Index). Finally, we will
hand-search reference lists of relevant systematic reviews
and included studies. Search results will be exported to
Endnote X7 for primary screening.

Data collection

Study selection

Two review authors will independently screen all studies
identified from the search in two phases, primary and
secondary screening, assessing study eligibility using
predetermined inclusion and exclusion criteria. During
primary screening, the authors will review the title and
abstracts of all unique records retrieved during the search
using EndNote X7, and classify each as ‘include/unsure’
or ‘exclude’. For secondary screening, full texts of all
‘include/unsure’ records will be retrieved and the two
authors will independently review and select studies that
meet the inclusion criteria. If disagreements between the
authors cannot be resolved by discussion, a third review
author will be consulted.

Data extraction

Data from included studies will be extracted using piloted
and standardised electronic data forms (Microsoft Excel
2010) by one author, with partial verification by a second
author to ensure accuracy and completeness. Discrep-
ancies will be resolved through discussion or third party
consultation.

The data extraction form will capture study character-
istics (ie, publication year, study design, funding support,
sample size, palivizumab prophylaxis regimen), patient
characteristics (ie, age, sex, comorbid disease), type of
RSV testing performed and outcomes (ie, RSV-confirmed
hospital admission, length of stay, need for ventilation,
ICU admission and RSV-associated mortality).

Data analysis and synthesis

Primary analyses

Descriptive analysis will be used for study and patient
characteristics. Pooled effectiveness data will undergo
meta-analysis in RevMan (RevMan V.5.3 Cochrane) using
relative risk ratios for binary events and mean differences
for continuous data. Due to expected variations between
the included studies we will use a random effects model
and heterogeneity will be measured using the I” statistic,
with values greater than 25%, 50% and 75% considered
moderate, high and very high heterogeneity, respectively.

If possible publication bias will be determined using a
funnel plot and Egger’s test."”

Secondary analyses

If appropriate with the generated data, we will calculate
the number needed to treat, using pooled risk ratios and
ranges of control event rates from our primary analysis, to
enhance the clinical meaningfulness of our report.

Subgroup and sensitivity analyses

Subgroup analyses will be conducted based on patient
groups of clinical interest and intervention compliance.
The following subgroups have been identified: preterm
infants, children with CLD, children with haemodynam-
ically significant CHD, mixed risk population (data were
notdivided according to a specific risk) and two subgroups
based on compliance with the dosing schedule—children
who received either <80% or 280% of the recommended
number of palivizumab doses.

We will perform sensitivity analyses based on study
design (ie, prospective vs retrospective), type of RSV
testing performed and risk of bias (see section ‘Quality
Assessment’).

Missing data

For the meta-analysis, we will calculate missing param-
eters from the provided data if possible and exclude
studies that do not report or provide enough informa-
tion to calculate effect estimates. We will not attempt to
contact authors regarding missing or unreported data.

Quality assessment

Individual studies

Two authors will independently assess the methodological
quality of each primary study based on the study design.
For randomised control trials we will apply the Cochrane
Risk of Bias tool, using the high, low or unclear catego-
ries to define risk.'® For cohort and case-control studies
we will apply the Newcastle-Ottawa Scale with a score of
3 or less considered poor quality with a high risk of bias,
a score between 4 and 6 considered fair quality with a
medium risk of bias and a score of 7 or greater considered
good quality with a low risk of bias.'” Discrepancies will be
resolved through discussion or third party consultation.
Analyses will be informed by assessment of risk of bias,
and when necessary, we will down-weigh studies with high
risk of bias.?

Body of evidence

Two authors will independently assess the certainty of the
body of evidence for each outcome using the Grading of
Recommendations Assessment, Development and Eval-
uation (GRADE) tool using direction from the GRADE
Handbook.?! Assessments will be made over five domains:
risk of bias, inconsistency, indirectness, imprecision and
publication bias, with quality scored as high, moderate,
low or very low.
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Ethics and dissemination

There is no ethics protocol to be approved or reported.
For methodological transparency, our protocol will be
submitted for peerreviewed publication; and likewise,
our final manuscript with study data will be disseminated
through peer-reviewed publication. Study findings will be
presented at academic conferences and scientific meet-
ings engaging researchers in the field and paediatric
healthcare providers. If findings from this review neces-
sitate updates to current clinical practice guidelines, we
plan to establish a clinician working group to develop an
evidence-based report targeted to health administrators
and decision makers.

DISCUSSION

This systematic review will address a priority health topic,
childhood RSV infection, and contribute to the advance-
ment of evidence-based management practices. Based
on studies to date, the evidence for palivizumab effec-
tiveness in different subgroups after licensure remains
unclear.”** Moreover, prior reviews have excluded
retrospective studies in their analyses of palivizumab
effectiveness.'® ' This exclusion limits our present under-
standing of palivizumab, as retrospective studies provide
valuable ‘real world’ data that is often not captured with
controlled trials. Our proposed systematic review and
meta-analysis will build a comprehensive evidence base on
palivizumab effectiveness in children, taking into consid-
eration clinically important ‘real world’ factors, such as
patient comorbidities and compliance. Findings from this
review will inform clinical decision-making with regards
to expanded indications for palivizumab prophylaxis, and
potentially guide vaccination strategies.

Potential limitations

We anticipate potential limitations to this review. Methods
for RSV testing have rapidly evolved since palivizumab was
introduced in 1998. As such, in recent years, molecular
assays used to detect RSV antigen have greater sensitivity,25
which may lead to an underestimation of breakthrough
RSV admission in earlier studies. In contrast, some
‘Choosing Wisely’ campaigns suggest that routine viral
testing is not indicated when children are admitted with
lower respiratory tract infections, potentially underesti-
mating the number of breakthrough admissions in more
recent studies.

CONCLUSION

RSV is the most common cause of paediatric respiratory
hospitalisations. This systematic review of the available
evidence on the effectiveness of palivizumab has the
potential to change how palivizumab is used and may
influence the economic evaluation of RSV vaccines.

AMENDMENTS
Amendments to the protocol will be documented and
reported in PROSPERO, detailing the changes made,

date, timing within review conduct and purpose. All
amendments will be reported in the final manuscript.
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