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Scientific summary

Background

The role of breast radiotherapy after breast-conserving surgery (BCS) is well established, with the 2005
systematic overview of the Early Breast Cancer Trialists’ Collaborative Group demonstrating a 70%
proportional reduction in local tumour recurrence risk following radiotherapy for patients treated with BCS
for early-stage breast cancer.

A wealth of evidence confirms that most recurrences occur close to the primary tumour, in the region
referred to as the tumour bed. For this reason a higher radiotherapy dose may be given to the tumour bed
than to the rest of the breast. This extra tumour bed ‘boost’ typically reduces local relapse risk by 50%,
at the expense of a 30% increase in the risk of moderate/severe breast fibrosis, and is usually given after
whole-breast radiotherapy (WBRT). New treatment developments include increasing dose to the tumour
bed during WBRT (synchronous integrated boost) and simply irradiating the region around the tumour bed
(partial-breast radiotherapy), for patients at high and low risk of tumour recurrence, respectively.

Currently, standard imaging uses bony anatomy to ensure accurate delivery of WBRT. In addition, a
relatively wide safety margin of normal tissue is added to the breast to account for uncertainties in its
position on each day of treatment. New imaging techniques use titanium clips implanted in the tumour
bed during surgery, which are imaged with X-rays during treatment. This is called clip-based image-guided
radiotherapy (clip-based IGRT) and has been used in conjunction with synchronous integrated boost and
partial-breast radiotherapy as it is perceived to locate the tumour bed more accurately than standard
imaging. This perception has led to the use of smaller safety margins around the tumour bed under the
premise that the smaller volume irradiated will reduce late normal tissue toxicity (mainly fibrosis) and
facilitate dose escalation, which may reduce tumour recurrence. Despite this shift in breast radiotherapy
practice, two questions remain largely unanswered. First, what is the accuracy of clip-based IGRT
compared with standard imaging? Second, if clip-based IGRT irradiates a smaller volume of normal breast
tissue around the tumour bed, can we predict how this would reduce side effects?

The UK Intensity Modulated and Partial Organ Radiotherapy Trial – HIGHer-risk patient group
(IMPORT-HIGH) trial provided a unique opportunity to answer the above questions and is led by members
of the group involved in this study. It is a randomised trial of radiotherapy dose escalation using a
synchronous integrated boost, in women at higher than average risk of local cancer recurrence after BCS.
The programme of work presented in this report is a substudy of the IMPORT-HIGH trial. There was no
intervention in patients’ treatment, IMPORT-HIGH patients received clip-based IGRT as routine and
standard imaging data were obtained from clip-based IGRT images. This novel substudy design allows
direct comparison of clip-based IGRT with standard imaging, but does not pose the ethical dilemma of
randomising patients to potentially less accurate imaging for synchronous integrated boost radiotherapy.

Objectives

The primary objective was:

l to compare the spatial accuracy of breast radiotherapy based on imaging (1) titanium surgical clips
implanted in the tumour bed (clip-based IGRT) and (2) bony anatomy and lung position during curative
radiotherapy for early breast cancer (standard imaging).
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The secondary objectives compared standard imaging with clip-based IGRT for:

1. adequate radiotherapy safety margins around the tumour bed to avoid geographical miss
2. volume of breast tissue irradiated around tumour bed
3. estimated breast toxicity following development of a normal tissue control probability model
4. time taken for each imaging method.

Methods

This project was a staged programme of work with five main studies. These may be split into two sets.
The first set involved study of the evidence for a dose–volume effect in breast radiotherapy. The second
set involved an analysis of the effects of clip-based IGRT on treatment margins.

The set of studies to evaluate evidence for a dose–volume effect in breast radiotherapy had two
component studies. The first was a review of the published literature and the second was a quantitative
analysis of dose–volume effect for breast tissue.

The literature review evaluated evidence from a range of radiotherapy studies. These included randomised
trials evaluating a boost to the tumour bed compared with no boost, with the boost delivered via a range
of modalities and approaches, including brachytherapy, cobalt-60, interoperative irradiation, electrons
and photons. A second area of analysis of the literature was the evidence from studies of partial-breast
irradiation (PBI), which is a mode of treatment with current clinical and research activity. A third area of
analysis was evidence from breast fractionation studies.

In the second study, data from two large randomised trials were analysed: the Cambridge
intensity-modulated radiotherapy (IMRT) trial and the European Organisation for Research and Treatment
of Cancer (EORTC) 22881–10882 ‘boost versus no boost’ trial. The Cambridge trial was a single-centre
study, which recruited 1145 patients with stage T1–3 N0–1 M0 invasive breast cancer or ductal carcinoma
in situ. Patients received WBRT, followed by an electron boost to the tumour bed in selected cases
(n= 728). Breast fibrosis was assessed at 2 years and 5 years after completion of radiotherapy. The EORTC
study was a multicentre trial that recruited 5569 patients with stage T1–2 N0–1 M0 invasive breast cancer.
Patients received WBRT and were randomised to four boost levels: (1) no boost (n= 2657); (2) 10-Gy boost
(n= 126); (3) 16-Gy boost (n= 2661); or (4) 26-Gy boost (n= 125). Breast fibrosis was assessed clinically
at follow-up. The relationship between partial-breast volume irradiated to high dose and probability of
moderate or severe fibrosis was fitted using two standard normal tissue complication probability (NTCP)
models: the Lyman–Kutcher–Burman (LKB) and Niemierko models. These models use three parameters
to describe the dose response: the uniform dose to the whole breast to produce 50% complication
probability, the steepness of the dose–response curve and the volume effect.

The second set of studies examined the effects of clip-based IGRT. They were carried out as part of a
substudy of the IMPORT-HIGH national trial. The clip-based IGRT approach used in the IMPORT-HIGH trial
was the use of titanium surgical clips implanted at the time of BCS and imaged using X-rays. The first
study compared the clip-based IGRT method with two other approaches: the use of X-ray imaging of bony
anatomy (standard imaging) and the use of a laser-based set-up using skin markers (no imaging). In the
first analysis, the set-up accuracy of these methods was analysed and the resulting safety margins for
set-up error needed were determined. The time required to perform image matching of clips and bony
anatomy was also measured and recorded. A second study evaluated the patient and treatment
characteristics that influenced the resulting set-up errors. The third study evaluated the effects of the
margins required for the three set-up methods on the radiotherapy planning of the patient’s treatment.

Two hundred and eighteen patients recruited by five centres to the IMPORT-HIGH trial contributed to this
study. The centres used a range of imaging methods to visualise the titanium clips and bony anatomy.

SCIENTIFIC SUMMARY: IMAGE-GUIDED RADIOTHERAPY FOR BREAST CANCER

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

iv



Centre A used kilovoltage cone beam computed tomography (kV-CBCT) (n= 79), centre B used
megavoltage-energy computed tomography (n= 40) and centres C, D and E used two-dimensional
kilovoltage planar imaging (2D-kVPI) (n= 39, n= 30 and n= 30, respectively).

Patient random and systematic set-up errors were measured for bony anatomy and clip-based IGRT.
The differences between the two measurement sets were used to generate delta errors which described
the extra uncertainty produced by the use of bony anatomy matching in the absence of clip-based IGRT.
Differences in set-up errors, delta errors and times between centres, imaging modalities and imaging
protocols were investigated. Population random and systematic set-up errors were determined and used to
generate the necessary margins for error to achieve target coverage, using standard margin formulae and
for a variety of image verification protocols.

Patient and treatment characteristics that influence set-up accuracy were studied using patient
characteristics of position of the tumour bed and breast volume. Surgery characteristics included seroma
visibility, surgery closing technique, number of clips and clip position. Radiotherapy characteristics included
IMPORT-HIGH trial arm, time between surgery and chemotherapy and time between chemotherapy
and radiotherapy.

The effects of the different safety margins using clip-based IGRT and standard imaging were studied by
replanning 60 patients from the IMPORT-HIGH trial. Treatment plans were generated for two planning
target volume (PTV) margins: 5 mm (achievable with clip-based IGRT) and 8mm (required for bony
anatomy-based verification). Two types of plan were generated: 30 patients were planned using a
sequential, conformal photon boost to the tumour bed and 30 using the simultaneous integrated boost
technique. The plans were generated to fit the dose constraints required by the IMPORT-HIGH trial.

Results

In the literature review, one of the strongest pieces of evidence for a dose–volume effect was from a study
by Borger et al. using low-dose iridium implants (Borger JH, Kemperman H, Smitt HS, Hart A, van Dongen J,
Lebesque J, et al. Dose and volume effects on fibrosis after breast conservation therapy. Int J Radiat
Oncol Biol Phys 1994;30:1073–81). This study found evidence that, for every 100-cm3 increase in the
volume of the boost region, the risk of fibrosis increased by a factor of 4 and that a twofold increase in
boost volume results in an 11% reduction in the normal tissue tolerance dose. Other studies supporting
volume effect for breast tissue included trials comparing brachytherapy-based PBI and intraoperative
radiotherapy with whole-breast irradiation. The brachytherapy and intraoperative dose distribution can
differ from the external beam radiotherapy and, therefore, it is unclear whether or not these results can be
extrapolated to external beam techniques. There is some evidence to support volume effect using external
beam techniques. The Royal Marsden Gloucester trial used an electron boost and showed that, for every
gray increase in boost dose, the risk of moderate to severe breast induration increases by 1%. In
comparison, a 1-Gy increase to the whole breast can increase the risk of moderate to severe breast
induration by 3%, indicating a dose–volume effect. Two large studies, Intensity Modulated and Partial
Organ Radiotherapy Trial – LOWer-risk patient group (IMPORT-LOW) and Danish Breast Cancer Cooperative
Group trial, used external beam radiotherapy for PBI and will provide more robust data on dose–volume
effect in the near future.

Individual patient data of 5856 patients from the Cambridge trial and EORTC trial were used to develop
the NTCP model of breast fibrosis. The best fit for the Niemierko model gave a value for the biologically
equivalent uniform dose (BEUD) to the whole breast, which produces a 50% complication rate (BEUD50)
of 136.4 Gy. The parameter describing the steepness of the dose response was γ50= 0.9 and the
parameter for the volume response was n= 0.011. The best fit for the LKB model was (BEUD50= 132 Gy,
m= 0.35 and n= 0.012). The n parameter describing the volume effect ranges between 0 (for no volume
effect) and 1 (for a strong volume effect). Hence, these results, from both models, strongly imply that the
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risk of moderate or severe breast fibrosis is mainly associated with radiotherapy dose and that the change
in volume of tissue irradiated does not change the risk of breast fibrosis. These results were validated on
an independent dataset from the START (UK Standardisation of Breast Radiotherapy) trial. One of the
secondary objectives of the programme was to estimate the reduced risk of late adverse effects resulting
from the smaller tissue volume irradiated. However, based on the results of ‘no volume effect’, it was not
possible to predict a reduction in risk of breast fibrosis if a smaller tissue volume is irradiated. Clearly, any
model has limitations and the mature results from the clinical trials addressing this question are awaited.

The primary research objective of this study was to compare the accuracy of clip-based IGRT and standard
imaging using bony anatomy. The random and systematic set-up errors for bony anatomy and clip-based
IGRT were found to be 3mm averaged over the five centres, with no strong evidence for differences
between the centres. The delta errors (difference between clips and bony anatomy) were found to be
between 2mm and 3mm. The margin formulae showed that the use of no imaging (i.e. laser-based
set-up) requires a PTV margin of 8–10mm; the use of standard imaging allows this to be reduced to
7–9mm and the use of clip-based IGRT with a suitable verification protocol allows the margin to be
reduced to 4–5mm. The time taken to perform clip match was quicker than bony anatomy match using
2D-kVPI technique, but not when using kV-CBCT imaging (secondary objective).

For the study of patient, surgery and radiotherapy characteristics that influence set-up errors, laser-based
set-up (no imaging) was found to be significantly influenced by breast volume, seroma visibility and
surgical closing technique. Bony anatomy (standard imaging)-based set-up was found to be influenced
by both breast volume and tumour bed axial position.

The results of the replanning study showed that the reduced margins that were achievable with clip-based
IGRT compared with standard imaging (5mm vs. 8mm, respectively) led to a reduction of 29 cm3 (range
11–193 cm3) in the volume of breast tissue receiving a high dose. Using the clip-based IGRT margin
(5 mm), 56 of the 60 cases met all the IMPORT-HIGH treatment planning criteria. Using the standard
imaging margin (8 mm), four sequential boost plans and 10 concomitant boost plans breached mandatory
planning constraints. The use of smaller PTV margins with clip-based IGRT also allowed a small reduction
in the radiotherapy dose to the contralateral breast, heart and lung.

Conclusions and implications for clinical practice

This research demonstrates the benefits of clip-based IGRT over standard imaging, with a reduction in
PTV margins. Margins < 8mm cannot be safely used without clip-based IGRT for patients receiving
concomitant tumour bed boost as there is a risk of geographical miss of the tumour bed being treated
within the high-dose region.

The existing literature suggests a volume effect for breast tissue, but our NTCP model could not
demonstrate a volume effect for breast fibrosis. We anticipate mature results from the ongoing clinical
trials to provide a definitive answer. In principle, these smaller, but accurately placed, margins may also
influence local control rates, but again this needs to be evaluated from mature clinical trial data in
the future.

Funding

This project was funded by the Efficacy and Mechanism Evaluation (EME) programme, a MRC and
NIHR partnership.

SCIENTIFIC SUMMARY: IMAGE-GUIDED RADIOTHERAPY FOR BREAST CANCER

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

vi



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://www.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 09/150/16. The contractual start date
was in March 2011. The final report began editorial review in September 2013 and was accepted for publication in March 2014. 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, 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 2014. This work was produced by Harris 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, Faculty of Education, University of Winchester, UK

Professor Jane Norman Professor of Maternal and Fetal Health, University of Edinburgh, 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

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
  /CreateJDFFile 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

  /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


