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Background
During the second half of the twentieth century,
researchers came to understand that breast cancer
could spread to other parts of the body at an early
stage in the development of the disease. This led
to a large number of randomised trials testing the
utility of adjuvant hormone and cytotoxic therapy.
These trials have shown that adjuvant therapy
reduces the risk of recurrence and death from
breast cancer, such that combinations of modern
hormonal and cytotoxic therapy might halve the
risk of a woman dying of breast cancer in the first
10 years after diagnosis. However, these
improvements in the outlook for women with
breast cancer have – in the main – been achieved
by research that has required the treatment of all
patients, including those destined not to relapse
and those who relapse despite adjuvant therapy.
Because of this, researchers have sought to find
prognostic and predictive factors which would
allow patients most likely to benefit from adjuvant
therapy to be identified. Using combinations of
factors to develop prognostic models has further
refined their use.

Objectives
The principal objective of this project was to
investigate the cost-effectiveness of using
prognostic information to identify patients with
breast cancer who should receive adjuvant therapy. 

Methods
This report systematically reviewed the literature
on the prognostic and predictive factors in breast
cancer. Health economic decision analytic
modelling was then used to draw conclusions on
the most effective and efficient use of these factors
in selecting women with early breast cancer for
adjuvant systemic therapy.

The size of the literature meant that it was not
possible to review systematically all primary
publications in the area. A series of systematic
reviews and a survey were undertaken on the
following topics:

● quality assessment of prognostic studies (not
necessarily cancer)

● reviews of prognostic information in breast
cancer

● prognostic models in breast cancer
● predictive factors in breast cancer
● the clinical use of prognostic information in

breast cancer in the UK (survey)
● quality of life, cost and cost-effectiveness studies

relevant to modelling.

Between six and nine databases were searched by
an information expert. Evidence-based methods
were used to review the abstracts, select those
suitable for inclusion and extract the data using
piloted data extraction forms for each of the
systematic reviews. The quality of each included
paper was assessed using standard assessment
tools reported in the literature or piloted and
developed for this study.

It was not possible to carry out a quantitative
analysis of the data for any of the systematic
reviews. Instead, narrative summaries of the
evidence were prepared with commentaries on the
strengths and weaknesses of the conclusions drawn.

A survey of clinical practice in UK cancer centres
and units was carried out to ensure that conclusions
drawn from the report could be implemented.
These data, along with the information gathered in
the systematic reviews, informed the methodological
approach adopted for the health economic
modelling. Estimation of a definitive model was not
considered feasible based on the current published
literature. Rather, given the obvious benefits to be
gained by establishing prognosis and treatment
effectiveness and cost-effectiveness for individual
patients or groups of patients, a pragmatic decision
was made to develop and report an illustrative
framework for incorporating patient-level
prediction within a health economic decision model.
This framework was applied to a large retrospective
dataset containing data on prognostic factors,
treatments and outcomes for women with early
breast cancer treated in Oxford. The data were used
to estimate directly a parametric regression-based
risk equation, from which a prognostic index was
developed, and prognosis-specific estimates of 
the baseline breast cancer hazard could be 
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observed. Published estimates of treatment effects,
health service treatment costs and utilities were used
to construct a decision analytic framework around
this risk equation, thus enabling simulation of the
effectiveness and cost-effectiveness of adjuvant
therapy for all possible combinations of prognostic
factors included in the model. Various ways of using
the outputs from this framework were explored.

Results
Methodological quality of prognostic
studies
There was a lack of empirical evidence to support
the importance of particular study features
affecting the reliability of findings and the
avoidance of bias. However, there is much
evidence that prognostic research in cancer tends
to be of poor quality, contributing to the fact that
prognostic markers often remain under
investigation for years without good evidence that
they are useful. Multiple small, separate,
uncoordinated and often unvalidated studies often
delay the process of defining the role of particular
prognostic markers. Cooperation between research
groups could lead to clear results emerging more
rapidly, especially if such efforts are put into
prospective studies or retrospective studies based
on individual data from carefully assembled
databases and/or tissue banks.

Systematic review of studies of
prognostic factors
There is a plethora of evidence relating to possible
prognostic factors for breast cancer. It was only
possible to review those reviews that appeared to
use systematic methods. There is a lack of high-
quality, well-reported evidence in areas where it is
taken for granted that factors have prognostic
value, such as node status and age, and we have
not reviewed these, accepting the commonly
assumed value of such factors. A small number of
eligible reviews (from 1 to –6 per factor) were
found for each of 18 different factors. The lack of
good-quality systematic reviews and well-
conducted studies of prognostic factors in breast
cancer was striking. In only five instances was the
evidence strong enough to conclude that there is
clear evidence of a relationship between the factor
and survival (tumour size, proliferation indices,
p53, cathepsin D and urokinase and its receptors).

Prognostic models
Although many prognostic models for breast
cancer have been published, remarkably few have
been re-examined by independent groups in

independent settings. The few validation studies
have been carried out on ill-defined samples,
sometimes of smaller size and short follow-up, and
sometimes using different patient outcomes when
validating a model.

The evidence from the validation studies shows
support for the prognostic value of the
Nottingham Prognostic Index (NPI). No new
prognostic factors have been shown to add
substantially to those identified in the 1980s.
Improvement of this index depends on finding
factors that are as important as, but independent
of, lymph node, stage and pathological grade. The
NPI remains a useful clinical tool, although
additional factors may enhance its use.

Predictive factors
We accepted that hormone receptor status (ER) for
hormonal therapy such as tamoxifen and
prediction of response to trastuzumab by HER2
did not require systematic review, as the
mechanism of action of these drugs requires intact
receptors. There was no clear evidence that other
factors were useful predictors of response and
survival.

Survey of UK practice when selecting
women for adjuvant therapy
The survey confirmed pathological nodal status,
tumour grade, tumour size and ER status as the
most clinically important factors for consideration
when selecting women with early breast cancer for
adjuvant systemic therapy in the UK. The
protocols revealed that although UK cancer
centres appear to be using the same prognostic
and predictive factors when selecting women to
receive adjuvant therapy, much variation in clinical
practice exists. Some centres use protocols based
upon the NPI whereas others do not use a single
index score. Within NPI and non-NPI users,
between-centre variability exists in guidelines for
women for whom the benefits are uncertain.
Consensus amongst units appears to be greatest
when selecting women for adjuvant hormone
therapy with the decision based primarily upon
ER or progesterone receptor (PR) status rather
than combinations of a number of factors.
Guidelines as to who should receive adjuvant
chemotherapy, however, were found to be much
less uniform.

Cost-effectiveness of prognostic models
Searches of the literature revealed only five
published papers that had previously examined
the cost-effectiveness of using prognostic
information for clinical decision-making. 
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These studies were of varying quality and
highlight the fact that economic evaluation in this
area appears still to be in its infancy.

By combining methodologies used in determining
prognosis with those used in health economic
evaluation, it was possible to illustrate an approach
for simulating the effectiveness (survival and
quality-adjusted survival) and the cost-effectiveness
associated with the decision to treat individual
women or groups of women with different
prognostic characteristics.

The model showed that effectiveness and cost-
effectiveness of adjuvant systemic therapy have the
potential to vary substantially depending upon
prognosis. For some women therapy may prove
very effective and cost-effective, whereas for others
it may actually prove detrimental (i.e. the
reductions in health-related quality of life
outweigh any survival benefit).

Conclusions and further research
Outputs from the framework constructed using the
methods described here have the potential to be
useful for clinicians, attempting to determine

whether net benefits can be obtained from
administering adjuvant therapy for any presenting
woman; and also for policy makers, who must be
able to determine the total costs and outcomes
associated with different prognosis-based
treatment protocols as compared with more
conventional treat all or treat none policies. A risk
table format enabling clinicians to look up a
patient’s prognostic factors to determine the likely
benefits (survival and quality-adjusted survival)
from administering therapy may be helpful. For
policy makers, it was demonstrated that the
model’s output could be used to evaluate 
the cost-effectiveness of different treatment
protocols based upon prognostic information. The
framework should also be valuable in evaluating
the likely impact and cost-effectiveness of new
potential prognostic factors and adjuvant
therapies.

Publication
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using prognostic information to select women with
breast cancer for adjuvant systemic therapy. Health
Technol Assess 2006;10(34).

Executive summary: Using prognostic information to select women with breast cancer for adjuvant systemic therapy



NHS R&D HTA Programme

The research findings from the NHS R&D Health Technology Assessment (HTA) Programme directly
influence key decision-making bodies such as the National Institute for Health and Clinical

Excellence (NICE) and the National Screening Committee (NSC) who rely on HTA outputs to help raise
standards of care. HTA findings also help to improve the quality of the service in the NHS indirectly in
that they form a key component of the ‘National Knowledge Service’ that is being developed to improve
the evidence of clinical practice throughout the NHS.
The HTA Programme was set up in 1993. Its role is to ensure that high-quality research information on
the costs, effectiveness and broader impact of health technologies is produced in the most efficient way
for those who use, manage and provide care in the NHS. ‘Health technologies’ are broadly defined to
include all interventions used to promote health, prevent and treat disease, and improve rehabilitation
and long-term care, rather than settings of care.
The HTA Programme commissions research only on topics where it has identified key gaps in the
evidence needed by the NHS. Suggestions for topics are actively sought from people working in the
NHS, the public, service-users groups and professional bodies such as Royal Colleges and NHS Trusts. 
Research suggestions are carefully considered by panels of independent experts (including service users)
whose advice results in a ranked list of recommended research priorities. The HTA Programme then
commissions the research team best suited to undertake the work, in the manner most appropriate to find
the relevant answers. Some projects may take only months, others need several years to answer the
research questions adequately. They may involve synthesising existing evidence or conducting a trial to
produce new evidence where none currently exists.
Additionally, through its Technology Assessment Report (TAR) call-off contract, the HTA Programme is
able to commission bespoke reports, principally for NICE, but also for other policy customers, such as a
National Clinical Director. TARs bring together evidence on key aspects of the use of specific
technologies and usually have to be completed within a short time period.

Criteria for inclusion in the HTA monograph series
Reports are published in the HTA monograph series if (1) they have resulted from work commissioned
for the HTA Programme, and (2) they are of a sufficiently high scientific quality as assessed by the referees
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.

The research reported in this monograph was commissioned by the HTA Programme as project number
98/36/02. The contractual start date was in May 2001. The draft report began editorial review in
November 2002 and was accepted for publication in November 2005. As the funder, by devising a
commissioning brief, the HTA Programme specified the research question and study design. 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 referees 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.

The views expressed in this publication are those of the authors and not necessarily those of the 
HTA Programme or the Department of Health. 

Editor-in-Chief: Professor Tom Walley
Series Editors: Dr Aileen Clarke, Dr Peter Davidson, Dr Chris Hyde, 

Dr John Powell, Dr Rob Riemsma and Dr Ken Stein
Managing Editors: Sally Bailey and Sarah Llewellyn Lloyd

ISSN 1366-5278

© Queen’s Printer and Controller of HMSO 2006

This monograph may be freely reproduced for the purposes of private research and study and 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 NCCHTA, Mailpoint 728, Boldrewood, University of Southampton, 
Southampton, SO16 7PX, UK.

Published by Gray Publishing, Tunbridge Wells, Kent, on behalf of NCCHTA.
Printed on acid-free paper in the UK by St Edmundsbury Press Ltd, Bury St Edmunds, Suffolk.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




