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Scientific summary

Background

The National Screening Committee (NSC) based its recommendation that human papillomavirus (HPV)
testing should replace cytology in primary cervical screening largely on the 2009 follow-up results of A
Randomised Trial In Screening To Improve Cytology (ARTISTIC) [URL: https://legacyscreening.phe.org.uk/
cervicalcancer (accessed 19 April 2018)]. The NSC must now decide on screening intervals in time for
national roll-out of primary HPV screening, currently scheduled for December 2019. Options include
extending the screening interval for up to 10 years for human papillomavirus-negative (HPV–) women
and delaying recall for human papillomavirus-positive (HPV+) women by up to 3 years if their cytology is
normal, and perhaps by only 1 year if their cytology is borderline or mild. HPV infections are usually
transient and a substantial reduction in triage costs and procedures could be achieved if a longer delay
in patient recall was shown to be safe.

Methods

In ARTISTIC, 24,510 women attending for routine cervical cytology in Greater Manchester were recruited
between 2001 and 2003. Cytology was conducted as part of the national screening programme using
liquid-based cytology (LBC) technology and women with abnormal cytology were managed under national
guidelines, irrespective of HPV results. Women were recalled twice, 3 and 6 years after entry. LBC samples at
entry and at rounds 2 and 3 were tested for HPV and the residual material stored. Women were randomly
allocated to reveal or conceal their HPV test results, and on the revealed arm women with normal cytology
who were HPV positive were recalled after 1 year for a repeat HPV test. Histology results were obtained from
local laboratories. After 2009, follow-up and sample collection ended and the women returned to routine
cytological screening with recall every 3 years for those aged < 50 years and every 5 years for those aged
50–64 years. We have followed the trial cohort through national cancer registration for cervical intraepithelial
neoplasia grade 3 (CIN3) and cancer, and through linkage to the cervical screening call–recall system for
lifetime cytology records. Cumulative cervical intraepithelial neoplasia grade 3 or cervical cancer (CIN3+) risks
were calculated comparing women according to HPV and cytology status at baseline. Additional analyses
began at round 2, when persistent and newly acquired infections could be distinguished and the high
prevalence of accumulated CIN3 missed by earlier screening had been eliminated at entry.

Results

The analysis comprised 24,496 women at round 1 and 13,591 women at round 2 (defined as the first test
30–48 months later). Follow-up was via local histology laboratories until 2009 when the trial ended and
then via cancer registration until April 2015. This identified 505 cases of CIN3+ (including 22 invasive
cancers). Similar cumulative CIN3+ risks were seen 10 years after a negative hybrid capture 2 (HC2) test
at entry [0.31%, 95% confidence interval (CI) 0.18% to 0.49%, in the revealed arm] and 3 years after a
negative cytology test at entry (0.30%, 95% CI 0.23% to 0.41%, in the concealed arm). The 10-year
cumulative CIN3+ risk in women who were hybrid capture 2 negative (HC2–) at entry was highest in
women aged 20–24 years (1.10%, 95% CI 0.69% to 1.77%) and significantly higher (p < 0.001) in
women aged 25–39 years (0.40%, 95% CI 0.28% to 0.56%) than in those aged > 40 years (0.11%,
95% CI 0.06% to 0.20%).

The availability of partial or full HPV genotyping assays allows risk-based stratification in an organised screening
programme. Four out of the six sites in the UK pilot study are utilising partial typing HPV tests [Roche
COBAS (Roche Molecular Diagnostics, Pleasanton, CA, USA) and Abbott Realtime Assays (Abbott Molecular,
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Maidenhead, UK)] that identify HPV 16 and HPV 18 infections. We found a much higher cumulative CIN3+
risk among women with HPV 16 infection than among women with any other genotype. Although HPV 16
constituted 22% of all hybrid capture 2-positive (HC2+) infections, 57% of CIN3+ occurred among this group
of women, giving a 10-year cumulative CIN3+ risk of 29.8% (95% CI 26.8% to 33.0%). HPV 18 constituted
9% of all HC2+ infections (including 2% who also had HPV 16), with a 10-year cumulative CIN3+ risk similar
to the group of high-risk HPV types comprising 31, 33, 45, 52 and 58.

The 10-year cumulative CIN3+ risk following a new high-risk HPV (HRHPV) infection at round 2 was low
(3.4%, 95% CI 2.1% to 5.4%). HPV 16 again showed the highest 10-year risk following a new infection
(7.3%, 95% CI 3.7% to 14.1%), suggesting that women with HPV 16 might be referred immediately.
Much higher risks were associated with any type-specific persistence (the same HPV type as in round 1),
which overall conferred a 10-year cumulative risk of 20.4% (95% CI 15.6% to 26.4%). The cumulative
CIN3+ risk following type-specific persisting infection was similar regardless of age before the age of
40 years (23.8%, 95% CI 18.2% to 30.9%), but significantly lower (p = 0.02) in women aged ≥ 40 years
(6.8%, 95% CI 2.3% to 19.7%). Persistent HPV 16 infections account for 44% of type-specific infections
in those aged < 30 years and only 11% among women aged ≥ 40 years, but stratification by type does
not entirely account for the reduction in CIN3+ risk in women aged ≥ 40 years. Of the 331 women
with double positive HRHPV tests, 115 (35%) were positive with a new HPV type at the second test and
216 (65%) were type-specific persistent. The proportion with new infections was highest in younger
women (43% in women in their 20s) and decreased to 23% of double positive infections in women
aged ≥ 50 years. Entry samples for 17 out of the 23 cervical cancers diagnosed so far (including one
diagnosed after the follow-up date) were HC2+. Five of the 6 HC2– entry samples were found to be
HPV+ on retesting by PCR.

Conclusions

The CIN3+ risk 10 years after a negative HPV test is similar to that at 3 years after a negative cytology test.
The risk at each age is approximately proportional to the incidence of new HPV infection in the population,
which falls sharply with age and is very low in those aged ≥ 40 years. These data support a longer
screening interval after a negative HPV test than after a negative cytology test. This could be at least
5 years, and might be extended to 10 years for women aged ≥ 50 years, or perhaps aged ≥ 40 years.
About three-quarters of women with HPV infection and normal cytology clear their infections within 3
years. Their risk of CIN3+ within this time is low (1.5%), suggesting that the protocol in the national pilot
of annual repeat testing [Public Health England. HPV Primary Screening Pilot Protocol Algorithm. Version
3.0. Public Health England; 2016. URL: https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/529496/HPVPSFlowchart-Version3_Jan16.CURRENTppt.pdf (accessed
19 April 2018)] and referral after 2 years may be too conservative. Approximately 40% of women who
remained high-risk HPV+ at round 2 had cleared their initial infection and acquired a different HPV type.
They had less than 20% of the CIN3+ risk of those with type-specific persistence. Women with HPV 16 or
HPV 18 and normal cytology are being referred to immediate colposcopy in some centres in the national
pilot. Strategies based on full or partial HPV typing could be considered in triage as well as in primary HPV
screening. Future work will focus on the implications of more sensitive HPV testing for primary HPV
screening policy and triage of HPV-positive women. Our results suggest that a more sensitive test is
needed to detect occult CIN3 at high risk of progression to cancer, but this would substantially increase
the overall HPV detection rate. Tests such as DNA methylation for distinguishing HPV infection from
neoplasia will be evaluated on stored samples and on further samples now being collected from women in
the cohort who are still being screened.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.

HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 28 (SCIENTIFIC SUMMARY)

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Gilham et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. 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.

iii

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/529496/HPVPSFlowchart-Version3_Jan16.CURRENTppt.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/529496/HPVPSFlowchart-Version3_Jan16.CURRENTppt.pdf




Health Technology Assessment HTA/HTA TAR

ISSN 1366-5278 (Print)

ISSN 2046-4924 (Online)

Impact factor: 4.513

Health Technology Assessment is indexed in MEDLINE, CINAHL, EMBASE, The Cochrane Library and the Clarivate Analytics Science
Citation Index.

This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE) (www.publicationethics.org/).

Editorial contact: journals.library@nihr.ac.uk

The full HTA archive is freely available to view online at www.journalslibrary.nihr.ac.uk/hta. 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 Health Technology Assessment journal
Reports are published in Health Technology Assessment (HTA) if (1) they have resulted from work for the HTA programme, and (2) they
are of a sufficiently high scientific quality as assessed by the reviewers and editors.

Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search appraisal and synthesis methods
(to minimise biases and random errors) would, in theory, permit the replication of the review by others.

HTA programme
The HTA programme, part of the National Institute for Health Research (NIHR), was set up in 1993. It produces high-quality research
information on the effectiveness, costs and broader impact of health technologies for those who use, manage and provide care in the NHS.
‘Health technologies’ are broadly defined as all interventions used to promote health, prevent and treat disease, and improve rehabilitation
and long-term care.

The journal is indexed in NHS Evidence via its abstracts included in MEDLINE and its Technology Assessment Reports inform National Institute
for Health and Care Excellence (NICE) guidance. HTA research is also an important source of evidence for National Screening Committee (NSC)
policy decisions.

For more information about the HTA programme please visit the website: http://www.nets.nihr.ac.uk/programmes/hta

This report
The research reported in this issue of the journal was funded by the HTA programme as project number 98/04/501. The contractual start
date was in September 2013. The draft report began editorial review in April 2017 and was accepted for publication in November 2017.
The authors have been wholly responsible for all data collection, analysis and interpretation, and for writing up their work. The HTA editors
and publisher have tried to ensure the accuracy of the authors’ report and would like to thank the reviewers for their constructive comments
on the draft document. However, they do not accept liability for damages or losses arising from material published in this report.

This report presents independent research funded by the National Institute for Health Research (NIHR). 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, NETSCC, the HTA programme
or the Department of Health and Social Care. 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 HTA programme or the Department of Health and Social Care.

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Gilham et al. under the terms of a commissioning
contract issued by the Secretary of State for Health and Social Care. 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).



NIHR Journals Library Editor-in-Chief

Professor Ken Stein  Professor of Public Health, University of Exeter Medical School, UK

NIHR Journals Library Editors

Professor John Powell  Chair of HTA and EME Editorial Board and Editor-in-Chief of HTA and EME journals. 
Consultant Clinical Adviser, National Institute for Health and Care Excellence (NICE), UK, and Honorary Professor, 
University of Manchester, and Senior Clinical Researcher and Associate Professor, Nuffield Department of 
Primary Care Health Sciences, University of Oxford, UK

Professor Andrée Le May  Chair of NIHR Journals Library Editorial Group (HS&DR, PGfAR, PHR journals) and 
Editor-in-Chief of HS&DR, PGfAR, PHR journals

Professor Matthias Beck  Professor of Management, Cork University Business School, Department of Management 
and Marketing, University College Cork, Ireland

Dr Tessa Crilly  Director, Crystal Blue Consulting Ltd, UK

Dr Eugenia Cronin  Senior Scientific Advisor, Wessex Institute, UK

Dr Peter Davidson  Consultant Advisor, Wessex Institute, University of Southampton, UK

Ms Tara Lamont  Director, NIHR Dissemination Centre, UK

Dr Catriona McDaid  Senior Research Fellow, York Trials Unit, Department of Health Sciences, 
University of York, UK 

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

Professor Geoffrey Meads  Professor of Wellbeing Research, University of Winchester, UK

Professor John Norrie  Chair in Medical Statistics, University of Edinburgh, 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 Great Ormond Street Institute of Child Health, UK

Professor Jonathan Ross  Professor of Sexual Health and HIV, University Hospital Birmingham, UK

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

Professor Ken Stein  Professor of Public Health, University of Exeter Medical School, UK

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

Professor Martin Underwood  Warwick Clinical Trials Unit, Warwick Medical School, University of Warwick, UK

Please visit the website for a list of editors: www.journalslibrary.nihr.ac.uk/about/editors

Editorial contact: journals.library@nihr.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


