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Scientific summary

Background

Breast cancer is the most common cancer in women in England, with 41,523 new diagnoses in 2011.
Earlier detection and improved treatment for breast cancer in women have led to a rise in survival, with
3-year net survival in early breast cancer now 99.3% for patients with tumour node metastasis (TNM)
stage I disease and 92.4% for patients with TNM stage 2 disease.

The focus of this assessment is the treatment of early breast cancer. Definitions vary, but for the purposes
of this assessment early breast cancer includes early invasive cancer for which the tumour has not spread
beyond the breast or the lymph nodes (which remain mobile) in the armpit on the same side as the
affected breast. The first treatment option for early breast cancer is usually surgery, which may be wide
local excision (WLE) of the tumour [breast-conserving surgery (BCS)] instead of mastectomy. Post-operative
whole-breast external beam radiotherapy (WB-EBRT) is the standard of care for all patients with early
invasive breast cancer after BCS, because it substantially reduces the risk of recurrence and moderately
reduces the risk of breast cancer death.

A potential alternative to post-operative WB-EBRT is treatment with the INTRABEAM® Photon Radiotherapy
System (Carl Zeiss, Oberkochen, Germany). The INTRABEAM device can be used to deliver intraoperative
radiation therapy to the tissue adjacent to the resection cavity in an ordinary operating theatre at the time
of surgery.

Objectives

To assess the clinical effectiveness and cost-effectiveness of INTRABEAM for the adjuvant treatment of
early breast cancer during surgical removal of the tumour.

Methods

Data sources
Electronic resources including MEDLINE, EMBASE, The Cochrane Library and Web of Science were
searched for published studies and ongoing research from inception to March 2014 for English-language
articles. Bibliographies of included articles, systematic reviews, clinical guidelines and the manufacturer’s
submission to National Institute for Health and Care Excellence were also searched for additional studies.
An advisory group was contacted to identify additional published and unpublished evidence.

Study selection
Titles and abstracts were screened for eligibility by two reviewers independently. Inclusion criteria were
applied to full texts by one reviewer and checked by a second reviewer. Inclusion criteria were as follows:

l Intervention – INTRABEAM device with or without post-operative WB-EBRT.
l Comparator – WB-EBRT delivered by linear accelerator.
l Population – people with early operable breast cancer; people with a local recurrence were excluded.

For the systematic review of health-related quality of life (HRQoL), the population was not limited to
early-stage breast cancer.

l Outcomes – overall survival, disease-free survival, ipsilateral local recurrence, adverse effects of
treatment, HRQoL, cost-effectiveness [expressed in units such as life-years gained or quality-adjusted
life-years (QALYs) gained or in monetary units].

SCIENTIFIC SUMMARY: THE INTRABEAM® PHOTON RADIOTHERAPY SYSTEM

NIHR Journals Library www.journalslibrary.nihr.ac.uk

ii



l Study design – randomised controlled trials (RCTs) [good-quality controlled clinical trials could be
considered if the data from RCTs were incomplete (e.g. absence of data on outcomes of interest)] for
the review of clinical effectiveness; full cost-effectiveness analyses, cost–utility analyses and cost–benefit
analyses for the systematic review of cost-effectiveness; primary research studies based in the UK,
Europe, North America and Australasia for the systematic review of quality of life (QoL).

Abstracts or conference presentations were eligible for inclusion only if sufficient details were presented.

Data extraction and quality assessment
Data extraction and quality assessment were undertaken by one reviewer and checked by a second
reviewer. Differences in opinion were resolved by discussion at each stage.

Data synthesis
Data were synthesised through narrative reviews with full tabulation of the results of included studies.

Economic model

A cost–utility decision-analytic model was developed to estimate the costs, benefits and cost-effectiveness
of INTRABEAM compared with WB-EBRT for early operable breast cancer. The intervention effects and
characteristics of the modelled patient population were obtained from RCT data identified by the clinical
effectiveness systematic review. The perspective of the analysis was that of the NHS and Personal Social
Services in the UK. A lifetime (40-year) horizon was used to estimate costs and benefits from each
treatment. Future costs and benefits were discounted at 3.5% per annum and the outcomes were
reported as the cost saved per QALY lost.

Results

Systematic review of clinical effectiveness
From 655 records screened, 44 references were retrieved for consideration. One non-inferiority RCT,
the TARGeted Intraoperative radioTherapy Alone (TARGIT-A) trial, which evaluated whether or not
INTRABEAM treatment was no worse than WB-EBRT, met the inclusion criteria. The trial was judged to be
at a low risk of bias. Results were reported for the whole trial population (n= 3451) and separately for the
pre-pathology stratum (n= 2298 randomisation to INTRABEAM or WB-EBRT prior to WLE of the primary
tumour) and the post-pathology stratum (n= 1153 randomisation after initial surgery to either INTRABEAM
as a second procedure or WB-EBRT). Median follow-up was 2 years 5 months, with 35% of participants
achieving median follow-up of 5 years.

Local recurrence
Local recurrence in the conserved breast (primary outcome) for the whole trial population was higher in
the INTRABEAM group than in the WB-EBRT group (3.3% vs. 1.3%); however, the absolute difference in
5-year risk of local recurrence did not exceed the 2.5% non-inferiority margin. A similar result was
observed for the pre-pathology stratum. In the post-pathology stratum, the non-inferiority margin was
exceeded and non-inferiority was not established.

Overall survival
Overall survival (secondary outcome) for the whole trial population did not differ statistically significantly
between INTRABEAM and WB-EBRT arms (3.9% vs. 5.3%; p= 0.099). Rates of breast cancer deaths were
similar but there were significantly fewer non-breast cancer deaths in the INTRABEAM group than in the
WB-EBRT group. In the pre-pathology stratum, lower overall mortality was observed in the INTRABEAM group
because there were significantly fewer non-breast cancer deaths. In the post-pathology stratum, overall
mortality, breast cancer mortality and non-breast cancer mortality were similar between treatment groups.
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Complications
Wound seroma requiring more than three aspirations occurred more frequently in the INTRABEAM group
(2.1% vs. 0.8%; p= 0.012), whereas a Radiation Therapy Oncology Group toxicity score of grade 3 or 4
was less frequent in the INTRABEAM group (0.5% vs. 2.1%; p= 0.002). These were the only statistically
significant differences in complications.

Health-related quality-of-life substudy

One small single-centre substudy (n= 88) did not identify any statistically significant differences in QoL
measures between the study arms.

Systematic review of cost-effectiveness
From 184 citations screened, 10 references were retrieved for consideration. Three publications were
included, two on the same economic model. Outcomes from both models suggested that INTRABEAM was
a cost-effective option when compared with WB-EBRT. In one model, the incremental cost-effectiveness
ratio (ICER) showed that INTRABEAM dominated WB-EBRT by being both cheaper and more clinically
effective. In the other model, the costs per QALY for WB-EBRT compared with INTRABEAM ranged from
$89,234 to $108,735 depending on the difference in whole-breast irradiation rates.

Systematic review of health-related quality of life
From 939 records screened, 65 studies were retrieved for consideration. Nine studies were included which
provided European Quality of Life–5 Dimensions data for five out of seven health states potentially relevant
for the independent model.

Manufacturer’s economic evaluation
The manufacturer’s submitted model indicates that INTRABEAM is associated with higher QALY gains
and lower costs, with the incremental analysis showing dominance of INTRABEAM over WB-EBRT.
A probabilistic sensitivity analysis (PSA) found that INTRABEAM had a 100% probability of being
cost-effective, at both the £20,000 and £30,000 thresholds.

Independent economic evaluation
The assessment group’s model finds INTRABEAM to be less expensive but also less effective than WB-EBRT
because it is associated with lower total costs but fewer total QALYs gained. The base-case ICER to replace
WB-EBRT with intraoperative radiation therapy is £1596 saved per QALY lost. INTRABEAM is therefore
not cost-effective compared with WB-EBRT at a willingness-to-pay (WTP) threshold of £20,000 per QALY.
The PSA indicates that WB-EBRT has a greater probability than INTRABEAM of being cost-effective at
the £20,000 and £30,000 per QALY WTP thresholds. INTRABEAM has a higher probability of being
cost-effective than WB-EBRT at thresholds of around £5000 per QALY or less. Deterministic sensitivity
analysis finds four parameters for which the difference between upper and lower values causes a switch
in the treatment option, which is considered cost-effective at the £20,000 per QALY threshold. The
parameters to which the model is most sensitive are the probability of any other recurrence assumed for
WB-EBRT and INTRABEAM, the beta coefficient for the time to local recurrence (INTRABEAM) and the
probability of death from breast cancer (INTRABEAM).

Discussion

Systematic reviews and an economic evaluation have been carried out independent of any vested interest.
A de novo economic model was developed following recognised guidelines and systematic searches were
conducted to identify data inputs for the model.
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Limitations
The base-case result is subject to uncertainty because the disease progression parameters are largely drawn
from the single available RCT. This RCT has a median follow-up of 2 years 5 months, which may be
inadequate, particularly as numbers of participants experiencing a local recurrence in the pre-pathology
stratum are small. The model is particularly sensitive to this parameter.

Conclusions

A significant investment in INTRABEAM equipment and staff training (clinical and non-clinical) would be
required to make this technology available across the NHS. Longer-term follow-up data from the TARGIT-A
trial and analysis of registry data are required as results are currently based on a small number of events
and economic modelling results are uncertain.

Study registration

This study is registered as PROSPERO CRD42013006720.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research. Note that the economic model associated with this document is protected
by intellectual property rights, which are owned by the University of Southampton. Anyone wishing to
modify, adapt, translate, reverse engineer, decompile, dismantle or create derivative work based on the
economic model must first seek the agreement of the property owners.

HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 69 (SCIENTIFIC SUMMARY)

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Picot 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.

v





Health Technology Assessment NICE TAR and DAR

ISSN 1366-5278 (Print)

ISSN 2046-4924 (Online)

Impact factor: 5.116

Health Technology Assessment is indexed in MEDLINE, CINAHL, EMBASE, The Cochrane Library and the ISI 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: nihredit@southampton.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 commissioned and funded by the HTA programme on behalf of NICE as project number
12/69/01. The protocol was agreed in September 2013. The assessment report began editorial review in April 2014 and was accepted for
publication in September 2014. 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. 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.

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Picot 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).



Editor-in-Chief of Health Technology Assessment and NIHR  
Journals Library

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, Faculty of Education, 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




