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Scientific summary

Background

Wheeze in preschool children is a common and important cause of morbidity, with an associated social
and economic burden through strain on health services and parental resources. Current evidence does not
support the use of oral corticosteroids in this population because of a lack of efficacy in reducing hospital
stay and demonstrable oral treatment-associated morbidity when used to excess. The majority of children
wheeze only with colds, with few or no symptoms in the interim. There is a need for a treatment that can
be administered effectively during symptomatic episodes but can be discontinued when children are well.

The cysteinyl leukotrienes (cLTs) are inflammatory mediators derived from arachidonic acid that have
potent bronchodilator effects. Previous work has shown a transient increase in leukotriene (LT) production
[measured as urinary leukotriene E4 (LTE,)] in preschool children during acute wheezing episodes,
implicating them as the transient mediator for episodic viral wheeze in this population.

Montelukast (Singulair ®, Merck Sharp & Dohme Ltd) is the only LT receptor antagonist licensed for use

in children. It is a competitive inhibitor of the cLT receptor binding site and prevents the downstream
bronchoconstrictor and pro-inflammatory effects of the cLTs. Moreover, it is safe and orally available, with
an appropriate half-life and posology suitable for all ages. Previous work has suggested a role for
intermittent therapy in the management of acute childhood wheeze, but the effects have been modest.
Analysis of adult trials suggests that variation in copy number of a guanine—cytosine-rich specific protein
1-binding motif (the wild type has five copies) in the promoter region of the arachidonate 5-lipoxygenase
(ALOX5) gene may influence response to montelukast, presumably by altering baseline or
exacerbation-related LT production.

Primary objectives

1. To assess the efficacy of parent-initiated intermittent montelukast for the reduction of unscheduled
medical attendances for preschool wheeze.
2. To explore the role of the ALOX5 promoter genotype in montelukast efficacy.

Secondary objectives

To assess the impact of intermittent montelukast on respiratory morbidity.

To assess the impact of montelukast on health service usage.

To assess the impact of intermittent montelukast on adverse events (AEs).

To assess the impact of intermittent montelukast on concomitant medication use.

To gather exploratory data on related LT pathway genes.

To gather exploratory data on urinary LT/eicosanoid output.

To assess impact of intermittent montelukast on economic outcomes.

To assess qualitative outcomes related to parent-initiated intermittent therapy for preschool wheeze and
participation in a genetically stratified interventional trial.
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Methods

Overall, it was hypothesised that montelukast would be moderately effective but that a subgroup of
children with a variant (non-5 repeat) allele on one or both chromosomes would have a greater response
to montelukast, manifesting as a decreased need for unscheduled medical attention compared with their
peers when treated with montelukast.

To test this hypothesis we recruited children from primary and secondary care settings. Eligible children
were aged 10 months to 5 years, had had two or more previous episodes of wheeze, with one occurring
within the previous 3 months, and had no associated significant respiratory morbidity. Younger and older
children were excluded so as not to confuse the pathology studied with viral bronchiolitis or classical
asthma. At enrolment, children provided salivary deoxyribonucleic acid and were stratified by ALOX5
genotype, with one stratum comprising those with five copies of the ALOX5 promoter on each allele and
the other comprising all those with one or more non-5 repeat allele. The two strata were subsequently
independently randomised in a 1: 1 ratio (randomly permuted blocks of 10) to receive montelukast oral
granules or identical placebo every day for 10 days from the start of a cold or wheezing episode. Need for
unscheduled medical attention over a period of 12 months was assessed as the primary outcome. Outcome
data were collected via a treatment diary completed with every course of investigational medicinal product
and via a bimonthly investigator telephone call which additionally screened for AEs.

We also measured urinary LTE, at baseline and during exacerbation (where possible) to provide
pathophysiological corroboration of any associations observed. Urine was collected fresh into a universal
container and placed on ice before being transferred within 48 hours to a freezer at =70 °C. Urine samples
were then batch analysed using high-performance liquid chromatography-tandem mass spectrometry for a
number of eicosanoid mediators, with results indexed to urinary creatinine.

A subset of recruits underwent semistructured qualitative interviews conducted by an experienced
gualitative researcher, with an interpreter where required. Questions addressed background information
about the child and family, as well as parental experiences and attitudes to their role in the trial. Interviews
were audio-recorded, transcribed and imported into Nvivo9™ (QSR International, Pty Ltd, VIC, Australia;

a qualitative data analysis program) for analysis.

Results

Out of the 1358 subjects recruited, data on which to assess the primary outcome were available for 1308
(96%) subjects. Analysis was by intention to treat. Overall, montelukast did not outperform placebo in
intermittent usage for preschool wheeze [incidence rate ratio (IRR) =0.88; p=0.06]. In children treated
with montelukast, use of rescue oral corticosteroids, a recognised marker of severity, was marginally
reduced (IRR 0.75; p =0.03); however, the study was not adequately powered to robustly detect such

a change.

Analysis by genotype suggested an improved montelukast effect (contrary to our hypothesis, but in
keeping with certain earlier work) in the wild-type (5/5) stratum (IRR=0.80; p=0.01). When subject to
more detailed scrutiny this observation was not statistically robust, with a p-value for interaction of only
0.08. No effect was seen when the primary outcome was analysed by use of inhaled corticosteroids,
wheezing phenotype or alternative genotype grouping x/x versus [x/5 + 5/5].

Urinary eicosanoid results

Leukotriene E, appeared higher in subjects with two variant alleles (x/x) (o < 0.05). This was inconsistent
with the direction of association predicted by the possible improved montelukast effect in the 5/5
population. Analysis of urinary cotinine and urinary LTE, by LT pathway single nucleotide polymorphisms
(SNPs), etc., remains ongoing.
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Qualitative results

Bangladeshi families were relatively reluctant to participate in the qualitative study, despite strong
engagement with the parent study. Anxiety related to wheezing was a common primary motive for trial
enrolment. Parents viewed the trial as a route to improved treatment. Verbal delivery of trial information
appeared to be more effective than study literature, especially for Bangladeshi families, with low parental
literacy and high levels of trust in medical professionals potential contributors to this effect. All ethnic
groups expressed a low understanding and/or retention of essential study concepts such as randomisation
and genetic testing.

Conclusions

This study does not support the routine use of intermittent montelukast in preschool wheezing children.
It does not speak to the value of continuous montelukast in this population; neither does it preclude the
consideration of short-term therapeutic trials on an individual patient basis in this context. The suggested
superior montelukast response in the 5/5 stratum is of interest but is not robust insofar as the test of
interaction does not meet statistical significance and the finding contradicts both the a priori hypothesis
and the urinary LTE, data.

Future research

The effect seen in the 5/5 stratum will be prospectively evaluated in a study population comprising children
with only wild-type (5/5) alleles. Should this study be negative it remains possible that a montelukast-responsive
subgroup exists. In the course of this trial we have collected data on more than 100 LT pathway SNPs with
associated urinary eicosanoid profiles and demographic data. Subsequent work will interrogate this data set for
candidate genes and biomarkers that might identify any responsive subgroup with a view to hypothesis
generation for future large-scale trials of stratified therapy in preschool wheeze.

Trial registration

This study is registered as ClinicalTrials.gov NCT01142505.

Funding

Funding for this study was provided by the Efficacy and Mechanism Evaluation programme of the National
Institute for Health Research.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Nwokoro et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.






Efficacy and Mechanism Evaluation

ISSN 2050-4365 (Print)

ISSN 2050-4373 (Online)

This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE) (www.publicationethics.org/).
Editorial contact: nihredit@southampton.ac.uk

The full EME archive is freely available to view online at www.journalslibrary.nihr.ac.uk/eme. Print-on-demand copies can be purchased from
the report pages of the NIHR Journals Library website: www. journalslibrary.nihr.ac.uk

Criteria for inclusion in the Efficacy and Mechanism Evaluation journal
Reports are published in Efficacy and Mechanism Evaluation (EME) if (1) they have resulted from work for the EME programme, and
(2) they are of a sufficiently high scientific quality as assessed by the reviewers and editors.

EME programme

The Efficacy and Mechanism Evaluation (EME) programme was set up in 2008 as part of the National Institute for Health Research (NIHR)

and the Medical Research Council (MRC) coordinated strategy for clinical trials. The EME programme is broadly aimed at supporting ‘science
driven’ studies with an expectation of substantial health gain and aims to support excellent clinical science with an ultimate view to improving
health or patient care.

Its remit includes evaluations of new treatments, including therapeutics (small molecule and biologic), psychological interventions, public
health, diagnostics and medical devices. Treatments or interventions intended to prevent disease are also included.

The EME programme supports laboratory based or similar studies that are embedded within the main study if relevant to the remit of the EME
programme. Studies that use validated surrogate markers as indicators of health outcome are also considered.

For more information about the EME programme please visit the website: http:/Awww.nets.nihr.ac.uk/programmes/eme

This report

The research reported in this issue of the journal was funded by the EME programme as project number 08/43/03. The contractual start date
was in November 2009. The final report began editorial review in January 2015 and was accepted for publication in June 2015. The authors
have been wholly responsible for all data collection, analysis and interpretation, and for writing up their work. The EME editors and production
house have tried to ensure the accuracy of the authors’ report and would like to thank the reviewers for their constructive comments on the
final report document. However, they do not accept liability for damages or losses arising from material published in this report.

This report presents independent research. The views and opinions expressed by authors in this publication are those of the authors and do
not necessarily reflect those of the NHS, the NIHR, the MRC, NETSCC, the EME programme or the Department of Health. If there are verbatim
quotations included in this publication the views and opinions expressed by the interviewees are those of the interviewees and do not
necessarily reflect those of the authors, those of the NHS, the NIHR, NETSCC, the EME programme or the Department of Health.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Nwokoro et al. under the terms of a commissioning
contract issued by the Secretary of State for Health. This issue may be freely reproduced for the purposes of private research and
study and extracts (or indeed, the full report) may be included in professional journals provided that suitable acknowledgement
is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre,
Alpha House, University of Southampton Science Park, Southampton SO16 7NS, UK.

Published by the NIHR Journals Library (www.journalslibrary.nihr.ac.uk), produced by Prepress Projects Ltd, Perth, Scotland
(www.prepress-projects.co.uk).



Efficacy and Mechanism Evaluation Editor-in-Chief

Professor Raj Thakker May Professor of Medicine, Nuffield Department of Medicine, University of Oxford, UK

NIHR Journals Library Editor-in-Chief

Professor Tom Walley Director, NIHR Evaluation, Trials and Studies and Director of the HTA Programme, UK

NIHR Journals Library Editors

Professor Ken Stein Chair of HTA Editorial Board and Professor of Public Health, University of Exeter Medical
School, UK

Professor Andree Le May Chair of NIHR Journals Library Editorial Group (EME, HS&DR, PGfAR, PHR journals)
Dr Martin Ashton-Key Consultant in Public Health Medicine/Consultant Advisor, NETSCC, UK

Professor Matthias Beck Chair in Public Sector Management and Subject Leader (Management Group),
Queen’s University Management School, Queen’s University Belfast, UK

Professor Aileen Clarke Professor of Public Health and Health Services Research, Warwick Medical School,
University of Warwick, UK

Dr Tessa Crilly Director, Crystal Blue Consulting Ltd, UK
Dr Peter Davidson Director of NETSCC, HTA, UK
Ms Tara Lamont Scientific Advisor, NETSCC, UK

Professor Elaine McColl Director, Newcastle Clinical Trials Unit, Institute of Health and Society,
Newcastle University, UK

Professor William McGuire Professor of Child Health, Hull York Medical School, University of York, UK

Professor Geoffrey Meads Professor of Health Sciences Research, Health and Wellbeing Research and
Development Group, University of Winchester, UK

Professor John Norrie Health Services Research Unit, University of Aberdeen, UK
Professor John Powell Consultant Clinical Adviser, National Institute for Health and Care Excellence (NICE), UK

Professor James Raftery Professor of Health Technology Assessment, Wessex Institute, Faculty of Medicine,
University of Southampton, UK

Dr Rob Riemsma Reviews Manager, Kleijnen Systematic Reviews Ltd, UK
Professor Helen Roberts Professor of Child Health Research, UCL Institute of Child Health, UK

Professor Helen Snooks Professor of Health Services Research, Institute of Life Science, College of Medicine,
Swansea University, UK

Professor Jim Thornton Professor of Obstetrics and Gynaecology, Faculty of Medicine and Health Sciences,
University of Nottingham, UK

Please visit the website for a list of members of the NIHR Journals Library Board:
www.journalslibrary.nihr.ac.uk/about/editors

Editorial contact: nihredit@southampton.ac.uk




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Web PDFs for NIHR Journals Library article summaries \(executive summary, scientific summary, lay summary\). RGB colour space, low-resolution images.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




