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Abstract

Evaluation of breast cancer screening programmes present results in terms of cost per
QALY but fail to include any disutility for patients who may have been overdiagnosed
and receive unnecessary treatment. Ductal carcinoma in situ (DCIS) is a heterogeneous
disease likely to account for a large proportion of overdiagnosis. This thesis presents an
overview of the challenges associated with valuing breast cancer states, using
quantitative and qualitative evidence to demonstrate that the inclusion of the harm from

overdiagnosis is important in the economic evaluation of breast cancer interventions.

A systematic review found the utilities informing breast screening policy were unlikely
to fully capture all benefits and risks. An empirical study deriving utilities from 172
women for health states explicitly describing DCIS treatment were lower than those
from the literature, where it is unlikely that individuals were informed treatment may be
unnecessary. The utilities were applied in an illustrative model and suggested this
disutility had the potential to change the cost-effectiveness of treating low-risk, screen
detected disease. Qualitative interviews of 26 patients validated overdiagnosis was
important in treatment decisions. This thesis contributes important methodological
considerations for modelling breast cancer interventions and suggests future research to

validate this harm in economic evaluations.



Declaration

This is to certify that:

1l

1il.

This thesis comprises only my original work towards the Degree of Doctor of
Philosophy;

Due acknowledgement has been made in the text to all other material used,;
The thesis is fewer than 80,000 words in length, exclusive of tables, figures,

references and appendices.

Hannah Louise Bromley

01/09/2019



For Adele

1 hope this thesis serves justice to the many you helped,

And the women you inspired into research.



Acknowledgements

Firstly, to my supervisors Professor Tracy Roberts, Doctor Carolyn Nickson, Professor
Dennis Petrie, Professor Bruce Mann, Professor Daniel Rea and the late Professor
Adele Francis, I really did hit the supervisor jackpot. I could not have wished for a
better team and I am eternally grateful for all your hard-work, support and endless
patience running late-night supervisions. It might have taken us four years, but you have

turned me into a health economist at last!

I would like to thank my funders at the University of Melbourne and the University of
Birmingham for awarding me a joint Melbourne International Research Scholarship as
part of the Universitas 21 initiative, without which this research would not have been
made possible. I am also indebted to Jennie Young and the LORIS trial team for their

ongoing support.

I would also like to thank the many women who participated in the study pilot,
empirical analysis and qualitative interviews. Without your time and good-will, I would
never have completed my analysis for which I am humbled. Special thanks must also go
to Lisa Devereux, Grant Lee and Lisa Morstyn from the Breast Cancer Network
Australia and Lifepool registries for their assistance with recruitment. Although it took a

few months, things really got going in the end!

Much of this research has been presented at completion seminars, local institute lectures
and international breast cancer and health economics conferences. I am especially

grateful for the opportunity to present my work and for the comments and suggestions



received, both of which have helped enormously to shape the direction of the

discussion.

Of course, I could not have written this thesis without the love and support of my
wonderful colleagues, friends and family. I would be lost without your quick wit and
support. Your ability to offer help, advice and a handful of aptly themed jokes have
inspired me to persevere throughout the trials and tribulations of the PhD. To Rebecca,
for the many dinners and cups of tea you have provided during the writing stage, [ am
eternally grateful as, I am sure is my mother! And Anthony, I thank you for your
patience and understanding whilst I jetted off to pursue my dreams. I hope you enjoyed

your visit down under as much as I did.

Special thanks must go to my companions in Australia. To the folks at International
House college thank you for being my home away from home. To all the wonderful
girls at Melbourne University Women’s Soccer and Cricket Clubs, thank you for
helping me to settle into life in Melbourne. Despite some of the trickier times collecting
data, your comradery made me feel part of the family, even 12,000 miles away from
home, and I truly do miss our Sunday road trips around Victoria (all day!) and goal side

celebrations.

Finally, I would like to pay tribute to the late Adele Francis, who sadly passed away in
the second year of my candidature. I will fondly remember our time scrubbed in theatre
listening to One Direction. I hope this thesis pays homage to your legacy. I will
continue to learn from your advice, good humour and humility for many more years to

come.



Publications to date

In Press:

Bromley et al. (2019) Valuing the health states associated with breast cancer screening
programmes: A systematic review of economic measures. Social Science and Medicine
228:142-154.

Bromley et al. (2019) Valuing preferences for treating screen detected ductal carcinoma
in situ. European Journal of Cancer 123:130-137.

Papers under review:

Bromley et al. (2019) What factors influence treatment decision for low-risk ductal

carcinoma in situ? Submitted

Select conference presentations:

‘Valuing Health States Associated with Breast Cancer: a primary study exploring
methods, challenges and the issue of overdiagnosis.” Paper presented in part at the
Health Economics Study Group meeting, Norwich, UK; July 3-5, 2019.

‘Active monitoring is an acceptable choice for women with low risk ductal
carcinoma in situ: An assessment of quality of Life.” Paper presented in part at the
4™ World Congress on Controversies in Breast Cancer and Melbourne International
Joint Breast Congress, Melbourne, Australia; October 11-13, 2018.

‘Valuing Health States Associated with Breast Cancer Screening and Overdiagnosis:
A Systematic Review.” Paper presented in part at the Australian Health Economics
Association Conference, Tasmania, Australia; September 25-26, 2018.

‘Identifying the utilities and disutilities associated with the overdiagnosis of early
breast cancers in breast screening programmes.’ Paper presented in part at the
European Health Economics Association Conference, Hamburg, Germany; July 13-
16, 2016.



Table of Contents

AB S T R A T . e e e il
DECLARATION ...t e e e e e e et et et e i eaneas iii
ACKNOWLEDGEMENT S ... e e e e v
PUBLICATIONS ..ottt ettt ettt et e st et e e sateesstaeestaeessteesaseesnsaesnseesnsesanseesnseennns vii
LIST OF FIGURES ...t e e et eaeee e xvii
LIST OF TABLES ... e e et ettt e et e e ananns XViii
ABBREVIATTON S ..o e et et et ae e Xix
CHAPTER 1: INTRODUCTION AND AIMS OF THE THESIS.....ccccccevveceernneeccessaeccessene 1
1.1 INtPOAUCHION ooeviiiiiiieciie ettt ettt et e e et e e e raeeesbaeesnseeesaseeennnes 1
1.2 Economic evaluation in healthCare .............ccooovvieiiieeiiieeieeeeeee e 1
1.3 Valuing health states and health-related utility............ccoooiiriiiniiiiinie 3
1.4 Breast cancer SCreening ProgramImICS ..........eceeeeveerreeereenseessseerseessseesseeesseessessseensns 4
1.5 Why ductal carcinoma in STEU? ........cceeeiieeiieniieiiieiieeeeriee e seee e e eee e e 5
1.6 Rationale for the thesiS........cueiiiiiiiiii e 6
1.7 Significance of the research ............ccccoveiiiiieiiiiiiiieeeeeceeee e 8
1.8 AIM aNd ODJECTIVES ....eeuiiiiiiiiiiieiteieetert ettt st 8
1.9 TRESIS OULIINE ....eeeiiieiiieiie ettt ettt et e e e e 9
1.10 Chapter SUMIMATY ......cceeoviriirierieniieteeienitesie ettt et st ste et et saeenaesaeesaeereeanes 12
CHAPTER 2: BREAST CANCER SCREENING AND DCIS....cccctteeceennencccessoecscessoescccss 13
2.1 INEFOAUCTION ...ttt ettt ettt et e s 13
2.2 Breast cancer and demand on healthcare .............ccceeviieeiiiiiiniiiiiee, 13
2.2.1 OVEIVIEW ..ttt ettt ettt et ettt e s bttt e bttt esbeeeabeenbaesanees 13
2.2.2 Breast cancer SCreening ProOGIaAMITIES .......ccuveeerveeerereeerrreeassreessseeessseeessseeesssees 17
2.2.3 The debate over benefits and harms of breast cancer screening ..................... 20
2.2.4 OVETAIAZNOSIS .. veeuiietieeiiieiieeieeitesteerteeeteeteeseaeeteesaseeseesssesseesssesnseesssesnsens 23

2.3 Ductal carcinoma 10 STE ......eeecuieriierieeiiienieeiie ettt eieesee et e sateeaeeseneeseesneeens 25
2.3.1 Why DCIS for capturing overdia@nosis? ..........ccceeceeeeueereenieeneeseeenieenneenneen 25
2.3.2 Incidence and economic burden...........c.eecveeeiieeeiiieeiieecie e 26
2.3.3 Screening, investigation and dia@NOSIS ........eeeveveeereieeeiiieeeieeeeieeeieeeeiee e 28

2.3.4 Treatment and PrOZNOSIS ...cuveeriieeriieeiieeeiieeerteeeireeeareeereeesaeeessseeesseeensseens 28



2.4 Controversies 1N DCIS trEAtIMENT .......vveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneneee 30

2.5 Active monitoring: A possible solution to overtreatment? ..........c..ccceeceereennennne. 32
2.6 The Low-RISK (LORIS) trial .....cc.ecviiiieiieieciieieeeeeeie et 32
2.6.1 Issues relating to costs and Uity .......ccccecvveeeiiieeiiieee e 34
2.7 CONCIUSION ..ttt ettt ettt et e st et e et e e bt e sate e beeseeeenbeesaneens 35
2.8 Chapter SUMIMATY ......cccveeeiieeeiiieeiieeeitieesiteeesiseeesaeeessseeessseesssssesssseesssseessseessssesens 36
CHAPTER 3: THEORETICAL FOUNDATIONS AND METHODS IN THEECONOMIC
EVALUATION OF HEALTH...cccueeeiiiieeennsnmneeccccscccssssssseccesssscssssssssssssssssssssssssssssssssassssss 37
3.1 INrOAUCLION .ottt ettt ettt et b e b et 37
3.2 Theoretical foundations in health €CONOMICS ........cccevviirienieriiiiiieceeeeeee 37
3.2.1 Economic evaluations in healthcare..............cccoooiiiiiiiiniini e, 37
3.2.2 Positive and NOrmMative €CONOMIICS.........eerurerureerieerreeriiesreenieeseeesieeeseeseeesseas 38
3.2.3 WETATISIN ..cueiiiiieiiee ettt ettt ettt et 39
3.2.4 EXtra-welfariSIm ......cccoooiiiiiiiiiiee e e 41
3.3 Quality adjusted [ife YEArS ........cccieviiriiiiiieeiieie ettt 43
B4 ULIIEY oottt ettt ettt et st e sttt eneenbe et saeen 44
3.5 DIrect MEthOAS ...coviiiiiiieiiiietee et 45
3.5.1 Visual analogue SCAlE..........eevviiiiiiiiiiie ettt 45
3.5.2 Time trade-0ff .....cooiiiieee e 47
3.5.3 Standard ZamDbIe ........ccooviiiiiiiiii e 48
3.6 Indirect MEthOdS ......cceiiiiiiiieiee e e 49
3.0.1 EQ-5D ettt 50
3.6.2 SF-0D ..o 53
BL0.3 HUI oottt ettt 53
3.6.4 AQOL .o e 54

3.7 Condition-SPECIfiC MEASUTES ......cccvieerireeeriiieeiieeeiieeeireeesireeetreeseeeesseeesseeesneeenns 54
3.8 WHOSE VAIUES? ...ttt st 55
3.9 Application of health outcome mMeasures ...........cceceevieeiiienieiiienieeee e 57
3.10 CONCIUSION .ttt ettt ettt ettt sbe e bt et e sbeesbeetesaeens 59
3.11 Chapter SUMMATY ......ccceeriieiiieeieeiie st esieeeteeieesteesaeesbeessaesbeesaseesseessnesnseesnneens 60

CHAPTER 4: A SYSTEMATIC REVIEW OF ECONOMIC MEASURES USED TO
VALUE HEALTH STATES IN BREAST CANCER SCREENING PROGRAMMES ....61

v I 6315 (oY L0115 o ) s RO 61
4.2 BaCKGIrOUNd ......ccuviiiiiieeiiie ettt et e et e et e e e e et e e et e e naeeennneeeennee s 61



4.2.1 Economic evaluations and breast cancer SCreening .............ccceeeveeeveerrveeneennes 61

4.2.2 The challenges of valuing health states for mammography screening ........... 63
4.2.3 Rationale for the TEVIEW ........coceeiiiiiiiiiiiiiiee e 65
4.3 Aims and objectives Of the TEVIEW .......c.ccccciieiiieeiiie e 66
4.4 METROAS ...ttt ettt et et aeas 67
4.4.1 SCOPING SCATCR ...oeiiiiiiiiiie ettt e e e s e e e s reeessreeeennes 67
4.4.2 Final search Strate@y .........ccceeeiieriieiiieiieeieeeie ettt ettt e e sae e nes 67
4.4.3 ELIDIIILY CIILEIIA ..vievieeiiieiiieeiieiie ettt ettt et eraeesaeesaee e 68
4.4.4 STUAY SCLECLION ...eevvieiieeiiieiie ettt et e teeseaeebe e eaeesaesnaeenseenns 69
4.4.5 Data extraction and analySis .........ccceceerieeiiienieeiiienieeieenee e see e e 69
4.4.6 QUAlity aSSESSIMCNL ....cuuiiiuiieiieeiietie ettt et et e site et e e sate bt e s ieeebeesaeeenseesees 69
4.5 RESULLS ..ttt ettt ettt ettt e et e st enneas 70
4.5.1 Main findings from the TeVIEW ..........cceeiiiiiiiiiiiiiieiie et 70
4.5.2 Economic evaluations using cost per QALY .....cccoooiriiiniiiiieniiieeieeee 71
4.5.3 Primary empirical StUAIES ......cccveviiiiiiiiiieiieieeieeie et 78
4.5.3.1 MethOdOIOZY ..c.eooeiieiiieiieiie ettt et esane e 78
4.5.3.2 DUIALION .evtiiieiieiieiieeieeste ettt ettt sttt et et ete st esae et e sneenaeenee 80
4.5.3.3 DESCTIPHIVE SYSTEIM ..veeeiiieeiiieeiiieeiiieeiieeeieeeeiteeeareeeaeeesseeeenneeesnseeennnes 81
4.5.3.4 POPUIALION ...c.eeiiiiiiiiiiieeiec ettt 82
4.5.3.5 Quality aSSESSIMENT ...cc.eevuiriiriiiriieiiniteie ettt st 83
4.0 DISCUSSION ..eeuuviiiieeiiieiieeitesite et e et e et e stteebe e tte et e e teeeabeesseeenseesseesaseesseeenseesssesnseas 83
4.6.1 Main findings from the TEeVIEW .........ccceviiiiiriiniiiiiceceeece s 83
4.6.2 Strengths and IMItAtioNS ........cceevieeriiiieriiiieiiee e e 87
4.6.3 Implications for breast cancer screening and treatment policy ...................... 88
4.6.4 Recommendations for future research ............ccoccoviiiiiniiiiiiniinieniceeee 89
47T CONCIUSION ittt ettt et et ebt e et esaeeeaeees 90
4.8 Chapter SUIMIMATY .....ccccveeeeiieeiiieeiieeeiteeesiteeesseeesseeessseeessseesssseeassseessssesssseesssseennns 91
CHAPTER 5: METHODOLOGY FOR AN EMPIRICAL STUDY VALUING HEALTH
STATES FOR LOW-RISK DCIS....cuuciiieeenensmnnecccscccsssssssecsssccssssssssssssssssssssssssssssssssssssss 92
5.1 INtOAUCLION .ottt 92
5.2 BaCKEIOUNG .....cuiiiiiiiiiieiiece ettt st et 92
5.2.1 Controversies in breast Cancer SCrEENING ........cc.eeervveeerveeeireeerireeereeenireeenneens 92
5.2.2 Economic methods and the issues of valuing overdiagnosis ............ccccccuveenn. 94

5.2.3 Rationale for the StUAY ........ceecviiiriiiiiie e 99



5.3 Aims and objectives of the empirical StUAY ........ccccceevieriieiieiiieiieeieeeeeeen 100

54 METROAS ...ttt 100
5.4.1 Health state deSCIIPLIONS .....cccveeeeciieeeiieeiiieerreeesreeeceeeeieeeereeesreeeereeesenee s 101
5.4.1.1 Development of the VINEES ........ceecvvieeiiieiiie e 101
5.4.1.2 Framing and 1abelling...........cccoeeoiiiriiiiiiieeciie e 102
5.4.1.3 Piloting and focus group feedback ..........cccccovieiiiieiiiieeiiieeieeeeeen 103
5.4.2 Choice of elicitation method ...........ccoceeviiriiiniiniiiineeeeeen 104
5.4.2.1 Choosing the INStrUMENt ...........cceecvierieeiiienieeiierie et eeee e sreeree e ens 104
RIS D 11 v 150 | E SO P TP 107
5.4.2.3 Face-to-face versus online interviews .........cccooeevereerierieneenueenienneenne 108
5.4.2.4 Interview fOrmat ........cccooviiiiiiiiieeiee e 108
5.4.2.5 Design of the qUEStIONNAITE ........cccveevieriiiiiiieiierie e 109
5.4.3 SAMPLING ..ovviniiiiiiieieeee ettt 114
5.4.3.1 POPULAtION .oeoviiiiiiiiciiie ettt 114
5.4.3.2 ENGIDIIILY CIILEIIA .oovvieerieiieeiieiieeieeciee ettt et seae e sene e 114
5.4.3.3 RECTUITMENT ...ooiiiiiiiiiiieiieniceit ettt 115
5.4.3.4 Ethical approval..........ccccecviiiiiiiiieiieiie ettt et ens 115
5.5 Data preparation and analySis .........cccceeercuieeiieeeiieeeiieeeeeeeee e 116
5.5.1 SAMPLE SIZE .eveenviiiiiiiiiiiiee e e 116
5.5.2 Data Preparation ........cccceceeeeeeerierientenieeteeieese et siee sttt ettt st eanes 116
5.5.3 Statistical ANALYSIS ..c..eevueiriiriiriiieiiereeeee s 118
5.5.4 Quality appraisal ........cocceceeiiriiienienieeee s 119
5541 ValIAILY .eoveeiieieseeeeeeee et 120
5.5.4.2 REHADIIILY ..ouveeiieiieiieieeieee e 120
5.5.4.3 FEaSIDIILY ..oveeuieiiiiieiiee e e 121
5.6 CONCIUSION ...ttt ettt ettt st e bt et esaaeeaeees 121
5.7 Chapter SUMIMATY ......cceeeveuieeririeeiieeerreeesteeesseeessseesssseesssreessseeessseesssseesssseessssees 122
CHAPTER 6: RESULTS OF AN EMPIRICAL STUDY VALUING HEALTH STATES
FOR LOW-RISK DCIS 123
0.1 INtrOAUCLION ....eiiiiiiiiiiiiiteee ettt s 123
6.2 Overview of the empirical research ...........ccoccoevieriiiiiiiniiicee e, 123
0.3 RESUILS ..ottt e 124
6.3.1 Sample CharaCteTiStICS .....cueereuireriieeiiieerieeerteeerreeeee e et e e steeeeaeeeereeennneees 124

0.3.2 ULIIEIES .eiiiiiiiiiiiet ettt s 126



0.3. 2.1 VAS e 126

0.3.2.2 SG oottt 128
6.3.2.3 EQ-5D-5L ..ot 129
6.3.3 Comparison Of POPUIALIONS .......ccccuiieriiieiiiieiiie et et e e e s 130
6.3.4 Variation in PreferenCes ... .uvevviiiiiieeeiieecieeerteeesreeeseeeeareesteeesreeesbeeesenee s 131
6.3.5 Validity, reliability and feasibility of the approaches...........ccccceevvveeveeennnenn. 132
6.3.6 Comparison to utilities from the literature.............ccoecvevieeviieniiinienieeieenne, 133
6.4 Can the disutility associated with overdiagnosis be estimated? .......................... 134
0.5 DISCUSSION ...ttt ettt ettt ettt et e st e bt entesetesbeenteeneesaeenee 137
6.5.1 Summary of main findings .........cccecveriiiiiiiiieiee e 137
6.5.2 Perspective of the population ..........cccceeeeviieiiiieiieiceeee e 140
6.5.3 Strengths and IMItations ..........ccceeceeriiiiriinieniieeee e 142
6.5.4 Further research and policy implications ............cccceeveeniieiienieniiesieeeee 144
0.6 CONCIUSION ....iiuiiiiiiieiieeiteee ettt ettt sttt e ettt e st e e sbeeenbeesneeenneas 145
6.7 CRAPLET SUIMIMATY ..eevieiiiieiieeieeiieeieeieeeteeteesseesseessseeseessseesaesssessseesssessseesseeans 146
CHAPTER 7: A SYSTEMATIC REVIEW OF ECONOMIC EVALUATIONS FOR THE
TREATMENT OF DCIS .ccciceterreneneecccscccesssssseccssssscessssssssssssssssssssssssssssssssssssssssssssssssssssss 147
7.1 TNEFOAUCTION ..ttt ettt sttt aeees 147
7.2 Overview of modelling approaches .........cc.cceceveeveriineiieniereceneeee e 147
7.2.1 A taxonomy of economic Mmodels ...........cccoeviiiiiiniiiiiiniiee e 148
7.2.1.1 DECISION tICES ...cvuveeueieeiiieiieeieeiieeitesite et e stteeteesttesabeesseeebeesseeenseesaneens 148
7.2.1.2 Markov MOdElS ......cc.eoeiiiiiiiiiieiie et 149
7.2.1.3 Individual sampling models ..........cccccueeriiiieriiiieniieeiieeeeee e 151
7.2.1.4 System dynamic MOAEIS .......ceeeveuiiiriiiieriieeiie ettt 151
7.2.1.5 Discrete event SIMUIation ..........ccoccueiiiiiiieiiiiiiienienieeeeeeeee e 152
7.2.2 Economic models and DCIS ..o 152
7.3 AIMS Of the TEVIEW .eueiiiiiiiiiiiiie s 153
T4 METNOAS ...ttt 153
7.4.1 SEArCh SLrateEY ...cceeevuiieiieiieeiieie ettt 153
7.4.2 ENGIDIILY CTITOTIA ..ooviieeiiiiieeiieiie ettt ettt 154
7.4.3 Selection of studies fOr TEVIEW ........coceeviriiriiniiiinieeeceeceee e 154
7.4.4 Data extraction and quality aSSESSMENLt .........c.eeevveeereeeerieeeiieeereeeereeenaees 155
7.5 RESUILS ittt st et eeas 157

7.5.1 StUAY SEIECHION ..ovvviieiiiieeiiiecie e e tae e e beeesnaee s 157



7.5.2 Characteristics of the iIncluded StUAIES .....ueeeeeeeeeeeeeeeeee e 157

7.5.3 Modelling approach .........cccoeceeeiieiiienieeiiene et 159
7.5.4 Type of economic evaluation ..........cccceeeeviieiiieeiiee e 161
T T 5T 1SR TRSSP 161
7.5.6 EffectiVeness MEASUIES .......cecueeruieriieiiiiiiieniieeteesiee et ettt et siee b 162
7.5.7 Sensitivity analysis and quality ass€SSMENt ..........cccccuveereveeerreeesireeenreeenenennn 162
7.6 DISCUSSION ...couviiieniieiieriieieeii ettt sttt ettt ettt et sa e bt et se e e bt enteeaeenaeenee 163
7.6.1 Summary of the main findings from the review ..........ccocceeviercieiiienieeneenne, 163
7.6.2 Strengths and HMItAtIoNS ........ccueevieriiieriieiieeiieeie ettt e sreereeeeae e 165
7.6.3 Comparison with Other STUAIES .........cceeeieriiiirieeiieiiecie e 165
7.6.4 Implications for how the review informs economic models ....................... 166
7.6.5 Further reS€arch .........oocoiiiiiiiiiiiiiei e 167
7.7 CONCIUSION ...eiiiiiiieiieee ettt ettt ettt e et set e et e e saeeeabeesaneenneas 167
7.8 Chapter SUIMIMATY ......ccceeruieiiriiintirieeeenie ettt ettt ettt see et et saeesteeaeesbeeneeanes 169
CHAPTER 8: AN ECONOMIC MODEL COMPARING ACTIVE MONITORING
WITH STANDARD TREATMENT FOR LOW-RISK DCIS ....ccccceeeeernnnnneecescccessassscees 170
8.1 INTrOAUCTION ..ottt et et sttt et et e b enees 170
8.2 BACKGIOUNA ......ooiviiiiiiieciceee et ettt ettt e e e aee e e e enbeeenes 170
8.2.1 Modelling DCIS and active MONItOTiNg ........ccceecverierieriieneerieeienienieeeeneens 170
8.2.2 LAterature SEArCh ........ccceeiuiiiiieiieiie et 171
8.3 Aim and scope of the model .........ccooiiviiiiiniiiiiien 175
B4 IMELNOMS. ...ttt ettt ettt ettt et e st et sataens 176
8.4.1 Type of eValuatioN .......eeevuiiieiiieeiiiecieeee e e s 176
8.4.2 MOE] STIUCLUIE .....eouviiiiiiiieiiiieeete et 176
8.4.3 Model development............coeciieiiiieiiiieeieeeeeee e 177
8.4.4 POPULALION ...eoueiiieiiieciee ettt et e e e e nnee s 178
8.4.5 Model pathway ........cccuieeiiiieiiecieecee e 179
8.4.5.1 Definition of health states for the standard treatment pathway............. 180
8.4.5.2 Definition of health states for the active monitoring pathway .............. 181
8.4.5.3 Definition of intermediate health states...........ccccoeveeverveniincincnicnenn 182
8.4.6 Cycle length and time horizon ...........ccocceeviiiiiiiiiiiiieiee e 184
847 PEISPECLIVE ..uvviieiiieeiiieeiiee ettt e eiteeette e et e e et e e saaeesseeessseeensseeensseeensseesnnseens 187
8.4.8 Model aSSUMPLIONS ......eeeviiieiiieeiiieeiieeeiieeeireeeireeereeesreeesaeeesreeeeseeesnneees 187

8.4.9 MOE] INPULS ....oeeeiieeiiieeiieeee ettt e e e s eeenbee e nseeennee s 189



8.4.9.1 Transition Probabilities ...........ccceeviierieriiieiieiiieieeie et 189

8.4.9.2 CoSts and TESOUICTE USC....c.eerueemririienieeieriienieenieeeesteenieeeeseeenseensesnnenneenee 192
8.4.9.3 ULIIITICS .vverveeeienieeeieieeie ettt ettt ettt e eeae e teenaeseeenseenseeneenneenes 194
8.4.9.4 DISCOUNLING ....eeevvieeiiieeeiiieeciee et e eriteeereteeetveeeteeesteeeeaaeessraeessseeenaseeas 195
B.4.10 ANALYSIS..uiiieiuiiieiiieeiiee ettt et e ettt e et e e eae e e e e e e eae e e s b e e enabee e nbaeennnaeas 196
8.4.10.1 MOl OULPULS ....eeeerieeiiieeciiieeciee ettt ettt et ree e ree e baeeeanee s 196
8.4.10.2 SensSitiVity analySeS........c.cccvieriieriieriieeiieriienieeieeeteeree e ereeseaeeaee e 197
8.4.10.3 Model validation and quality asseSsment ...........c.ccoeeverveerreenreeeeenne 198
8.5 RESUILS ettt 199
8.5.1 Base-Case aNalySIS .....cccueeruieeiieiiieiiieiieeieeieeete et et sneeenneas 199
8.5.2 SensitiVILY analySES ......ccervuirieriiriiniieieniereete ettt 202
8.5.2.1 ONE-WAY .ottt 202
8.5.2.2 ThreshOld .....c.ooiiiiiiiiie e e 202
8.5.2.3 ProbabiliStiC ......c.eeruiiiiiiiieiii et 206
8.0 DISCUSSION ..utiiiiiieiiieiietee ettt ettt ettt ettt et set ettt e s ae e teenteseeenbeeneas 208
8.6.1 Main fINAINGS ...ocvieiriiiiieiiecieeeeete ettt ebeessreenneas 208
8.6.2 Strengths and lIMItations .........ccceevviieriieriiieniieiie et 210
8.6.3 Comparison to the Iterature ..........ccccceeeviieviieeniieeeie e 211
8.6.4 Implications for health POliCY ........coceviriiiniiiiiiiiccece 212
8.6.5 Further research and recommendations .............cccceeviieiieniieniinieeieee e, 213
8.7 CONCIUSION ..iitiiiiieiieeite ettt ettt ettt et e st e et e et e et eseteeabeesabeenbeesseeenseesneaens 213
8.8 Chapter SUMIMATY ......ccueriiriiiiiiiiriteie ettt ettt sttt s eanes 215
CHAPTER 9: A QUALITATIVE STUDY OF WOMEN’S PREFERENCES FOR
TREATING DCIS correeeeeecerccenrsnmemenccsssscesssssssssssssscsssssssssssssssssssssssssssssssssssssssssssssssssssssss 216
0.1 TNIrOAUCLION ...eiiiiiiiiiieeie ettt ettt es 216
9.2 Qualitative research in health €COnOMICS ...........ccceeeiiiiieiiiiiiiieiee e, 217
9.2.1 Qualitative research methods ...........ccccooooiiiiiiiiiiiiie e 217
9.2.2 Comparison with quantitative reSearch............ccceveeerviienireiieniieeieeieeeee 219
9.2.2.1 Recruitment and SamMPling ..........ccceerieeiiienieeiiienie et 219
9.2.2.2 Empirical methods..........cccuiiiiiiiiiiiiiieciiee e 220
0.2.2.3 Data analySiS ......cceevieeiieriieeiieiie ettt ettt et ens 222
9.2.3 Previous qualitative research on DCIS ..........cccoooiiiiiiieeciieeeeeeeee e 222
9.2.4 Rationale for conducting the qualitative INterviews.........cccceevveeecvveerreeennenn. 224



0. MELROAS .o 225

0.4.1 StUAY d@SIZN ..ccuviiiiiiiiiieiieee ettt ettt ees 225
9.4.2 Interviews and tOPIC GUIAE .......ccccuiieriiiieriieeiiee et eree e e 227
9.4.3 Sampling and reCTUItMENT .........cccveeeiiiieriiiieiiee e e eeeesree e reeesenee s 228
0.4.3.1 POPUIAtION ..ecveiiiiiiieeiie ettt et ree e s 228
0.4.3.2 SEIECLION ....ueeeieiieieeieeteee ettt ettt et e ee s 228
9.4.3.3 RECTUITMENL ..ottt ettt ettt see e 229
9.4.3.4 Data COIECTION ....eouviiiiiiieieiieiieieeeee e 229
0.4.3.5 SAMPIE SIZC ...cuveeeeiieiiieiieiiie ettt ettt ete et e e ae e e saeebeessbeensaesaneans 230
9.4.4 Data transcription and analysis .........cccceeeieriieriieriieesiienie e e esee e 231
9.4.5 Ethical considerations and validation .............cccccoeoeriiiniiiiieniieeeieeee 237
0.5 RESUILS ..ttt ettt ettt ettt e e eaneas 238
9.5.1 Sample CharacteriStiCs .........cevierirriiierieeiienie ettt 238
9.5.2 Framework analySIS ........ccceeiieruieriiienieeiie sttt 238
9.5.2.1 Theme 1: Understanding of DCIS .........ccccooiieviiiiiiieiiiieeiecieeeee 240
9.5.2.2 Theme 2: Information and communication about benefits and risks ....245
9.5.2.3 Theme 3: Uncertainties about the benefits and harms of treatment ......249
9.5.2.4 Theme 4: Psychosocial impact of treatment ............cccceecvveeeveencnvennnnenn. 255

0.6 DISCUSSION ...vieiiieiiiieiieeiit et et ette ettt e et e ette e bt e s teesabeesseeeabeesseesabeesseeenseassneenseas 259
9.6.1 Principal fINdINGS ......ooeiviiriiiiiieiieeeeeee e 259
9.6.2 Strengths and limitations of the study .........cccccooeeviniiniiniinnce 262
9.6.3 Strengths and limitations in the context of the existing literature ................ 264
9.6.4 Implications for health poliCy ........cccoeviiieiiiiniieeeeee e 265
9.6.5 Further research recommendations ...........ccoceevueeniiniieenieeiieniceeeeeeeeee 265
0.6.6 REfIECTION ...ouueiiiiiiiiiiiiee ettt 266
0.7 CONCIUSION ...iiiiiiiiieiieeie ettt ettt st sbe e et e b e eaeees 267
0.8 Chapter SUMIMATY .....c.ceeivieeiiieeriieesieeesieeesteeesaeeessseesnsseesssreesseeessseeesseessseennns 268
CHAPTER 10: DISCUSSION AND CONCLUSION ...cccccciieeeersessanceecssecssssssssesssssscssssss 269
10.1 INErOAUCTION ..ottt sttt 269
10.2 Overview and objectives of the thesis .........cccccceevieiiiiiiieiieiiee e, 270
10.3 Summary of principal findings ..........cceevieriiiiiiiiniiieiieeeee e 271
10.3.1 Findings from the SsyStematiC reVIEWS.........cccueercueeerireerreeerieeeieeevee e 271
10.3.2 Findings from the empirical study .........ccccooeiieiiiieiiiiieieeeeeeeeee, 273

10.3.3 Findings from the economic model ..........ccccoeveiiieiiiiieniieiiiecieeeee e, 275



10.3.4 Findings from the qualitative analysis ..........cccceeverieniiienieniieieeieeeene 276

10.4 Synthesis and reflection on the main findings ...........ccceceevveriieiieniiieneenieeee. 277
10.5 Strengths and limitations of the thesis .........ccccoceviieiiieeiiieeceeeee e, 279
10.5.1 SEENGLRS ..eviniiiitiiieeieceeee ettt 279
10.5.2 LIMILAtIONS ..euviiiieeiiieiieeiieeiie ettt ettt et e sttt et e e b e siteebeesaeeenreeee 281
10.6 Comparison with other StUdIes .........cccceccviiiiiiieiiieecieeee e 282
10.6.1 Challenges associated with Overdiagnosis ..........cccecceeevveerieenieenieenieenneennn 282
10.6.2 Methodological approach ...........cccceecuieiieiiieiieniieeeeeee e 284
10.6.3 EcCONOmic MOAEL ......ooueiiiiiiiiieiieieeiesieeeeeee et 286
10.7 Contribution to the lterature ............ccoveeriiiiinierieieeeeeeee e 286
10.8 Implications for DCIS and breast cancer SCreening ...........ceceeeevceereeeneeeeenneenn 288
10.9 Implications for other health conditions ............ccceeevvieeiiieeciieccieece e, 289
10.10 Future research recommendations ............ccceceerieeiieenieeniienieeieesee e 290
LO.11 CONCIUSION ..ttt ettt ettt iee et e seeeeneeas 292
APPENDICES ....ouiiiiiiinininninninnnininsnississiesissssssssssssssssssessesssssssssesssssssssssssssssssses 294
Appendix 1: Systematic review publication ...........cccceeeieriiierieeiieenienie e 295
Appendix 2: Systematic review search strategy for economic measures in BSP ......296
Appendix 3: Final vignettes used in the empirical study ........cccceeevvivviiincieenineenne. 303
Appendix 4: Empirical study qUeStiONNAIre ...........coceeveevuerieneriienieneeieeieneeieneeene 312
Appendix 5: Probability wheel and chance board from the empirical study ............ 330
Appendix 6: Standard gamble scoring Sheet ..........c.cccocevviriiniiiiniinicee 331
Appendix 7: Ethical approval for the empirical study ..........ccoceeveriininiinicninncnnn. 334
Appendix 8: Pairwise correlations for the VAS, SG and EQ-5D-5L ............cc..ce... 337
Appendix 9: Systematic review search strategy of economic evaluations of DCIS..340
Appendix 10: Quality appraisal checklists for the systematic review ...................... 343
Appendix 11: CHEERS and Philips checklists for economic evaluations ................ 344
Appendix 12: Full TreeAge model of the economic model of the LORIS trial ........ 347
Appendix 13: Topic guide from the qualitative Interviews ..........coceeveevuereenerneeninene 357
Appendix 14: Framework analysis development.............cccceevieriieniiiiiiniecieeiene 359
Appendix 15: Ethical approval for the qualitative interviews ..........cccceeevvererveennene 362
Appendix 16: COREQ checklist for the reporting of qualitative research................. 364

REFERENCES .....ooiiiinntinntintinnnisnesneississssisssesssssssssssssssssssssssssssssssssssssssss 367




Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 2.4:
Figure 2.5:
Figure 2.6:
Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:
Figure 3.5:
Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 5.1:
Figure 5.2:
Figure 5.3:
Figure 6.1:
Figure 6.2:
Figure 6.3:
Figure 7.1:
Figure 7.2:
Figure 7.3:
Figure 8.1:
Figure 8.2:
Figure 8.3:
Figure 8.4:
Figure 8.5:
Figure 8.6:
Figure 9.1:
Figure 9.2:

List of Figures

Breast cancer incidence in women aged 50-69 years in NSW............... 19
An illustration of the typical breast cancer screening pathway............... 22
Different progression pathways for breast cancer identified at screening...24

A schematic of possible breast carcinoma progression........................ 27
Kaplan-Meier curves of breast cancer survival for low-grade DCIS.........31
A schematic of the LORIS trial..............oooiiiiiiii, 33
Anexample of a VAS. .. 46
An illustration of the TTO for chronic health states better than dead....... 48
An illustration of the SG for a chronic health state better than dead.........49
EQ-5D descriptive SYSteM. ... .ouieeietiitiet ettt enan 52
Cost-effectiveness plane............ooviiiiiiiiiiiii i, 58
Challenges of health state valuation in breast cancer screening.............. 64
A PRISMA flow chart of studies included and excluded at each stage.....70

A spread of the utilities for each health state listed in the review............ 72
An example vignette for health state A as presented in the pilot............ 103
Health state F in the pilot and with changes for the main study............ 105
A flow diagram summarising the questionnaire tasks........................ 109
A flow chart of patient recruitment and participation in the main study...125

EQ-5D-5L Profile of participants reporting any level of impairment......130

Comparison of standard gamble utilities (non-patient) for treatment...... 133
An example deciSION tre€. ... .....oieiuiiiii i 149
A Markov model for prostate cancer treatment.......................oeee.n. 150
PRISMA flow diagram of the study selection process....................... 159
An overview of the stages of the model development and validation......178

Simplification of the model decision on diagnosis of low-risk DCIS......180

Decision tree within the Markov health state in active monitoring arm...185

Cost-effectiveness plane of the empirical study and review results........ 201
Cost effectiveness acceptability curve forthe PSA......................... 207
Incremental cost-effectiveness plane for standard treatment versus AM. 207

A flow diagram of the five-stage process for framework analysis......... 232

Initial coding notes and labels. ... 235



List of Tables

Table 2.1: A summary of breast cancer Staging...........o.cooveerieiriinieniiiieenneeneennnn 16
Table 3.1: A comparison of generic multi-attribute utility instruments................... 51
Table 4.1: Characteristics of the economic evaluations.................c.ooeeiiiiiiiia, 75
Table 4.2: Characteristics of the primary studies which had elicited utilities............ 79
Table 5.1: A summary of the most common methods used to elicit utilities............. 98
Table 6.1: A comparison of participant demographics................cooviiiiiieiiinn.... 127
Table 6.2: Visual analogue scale utilities.............oooiiiiiiiiiiiiiiiiii, 128
Table 6.3: Standard gamble utilities.............coooiii i 128
Table 6.4: EQ-5D-5L Utilities........ooviiiiii i 129
Table 6.5: Statistical comparison between patient and population utilities.............. 131
Table 6.6: Disutilities associated with unnecessary treatment from overdiagnosis.....136
Table 7.1: A taxonomy of economic models...............oooiiiiiiiiiiiiiiiiii .. 148
Table 7.2: Data eXtraction CIiteria. .. ... ..o.uvuiueeneinei ettt eereeeeeeaeeeanen 156
Table 7.3: Characteristics of economic studies evaluating treatments for DCIS....... 158
Table 8.1: Summary of economic models for active monitoring......................... 173
Table 8.2: Probability parameters used in the analysis................coooiiiiiiiiinn.. 191
Table 8.3: Cost data used in the analysis............ccvviiiiiiiiiiiiii e, 194
Table 8.4: Health state utility data used in the model...........................o 196
Table 8.5: A summary of the model parameters and outcomes........................... 197
Table 8.6: Results comparing the empirical study and systematic review utilities.....200
Table 8.7: Results of the cost-utility analysis per start age of women in the model...203
Table 8.8: Results of the cost-utility analysis for time horizon ........................... 204
Table 8.9: Results of the cost-utility analysis for discountrate........................... 204
Table 8.10: Results of the cost-utility analysis for probability of progression.......... 205
Table 8.11: Results of the cost-utility analysis for utility of active monitoring.........206
Table 9.1: Coding framework matriX..........c.oviuiiiiiiiiiiii i, 236
Table 9.2: A summary of participant socio-demographic characteristics............... 239



List of Abbreviations

AM; Active monitoring
AQoL; Assessment of Quality of Life
BCS; Breast conserving surgery

BCNA; Breast Cancer Network
Australia

BSP; Breast screening programme
CBA; Cost-benefit analysis
CEA,; Cost-effectiveness analysis

CEAC; Cost-effectiveness acceptability
curve

CI; Confidence interval

CUA; Cost-utility analysis
DES; Discrete event simulation
DCIS; Ductal carcinoma in situ
EQ-5D; EuroQol 5 dimensions

ER/PR/HERZ2; Oestrogen, progesterone,
Herceptin 2 receptor

EUT; Expected utility theory
HRQoL: Health related quality of life
HSUYV: Health state utility value
HUI; Health Utilities Index

IBC; Invasive breast cancer

ICER; Incremental cost-effectiveness
ratio

ISM; Individual sampling model

LORIS: Low-Risk DCIS trial
LYG; Life years gained

MAUI; Multi-attribute utility
instrument

NHS; National Health Service

NICE; National Institute for Health and
Care Excellence

NMB; Net monetary benefit

PBM; Preference-based measure
PSA; Probabilistic sensitivity analysis
QALY; Quality adjusted life year
QoL; Quality-of-life

RCT; Randomised controlled trial
RR; Relative risk

RT; Radiotherapy

SEER; Surveillance, epidemiology and
end results

SF-6D; Short-Form 6 dimensions
SG; Standard gamble

TTO; Time trade off

VAS; Visual analogue scale
WHO; World Health Organisation
WW: Watchful waiting

UK NSC: United Kingdom National
Screening Committee



CHAPTER 1

Introduction and aims of the thesis

1.1 Introduction

Breast cancer is a major cause of morbidity and mortality (1), and resources are spent to
prevent, diagnose and treat the disease early. Mammography screening has lowered the cost
and morbidity of treatment and improved survival (2). However, the tests used to screen for
breast cancer are imperfect and may result in the overdiagnosis and overtreatment of low-risk
disease such as ductal carcinoma in situ (DCIS). There are concerns about whether the
implications of overdiagnosis are adequately captured in the economic evaluation of breast
cancer screening programmes (3). This thesis uses DCIS as a vehicle to explore whether the

health states and utilities informing breast screening policy are valued appropriately.

The aim of the thesis is to identify and quantify the benefits and harms of treating ductal
carcinoma in situ. This opening chapter introduces the concept of utility and the valuation of
health benefits for use in economic evaluation. In doing so, the challenges of quantifying the
sequelae of breast cancer screening inspiring this research are briefly discussed. An overview
of the disease characteristics and treatment is provided but is expanded further in the
following chapters. The aims and objectives of the thesis are then outlined, and lastly the

structure of the overall thesis is set out.

1.2 Economic evaluation in healthcare
Economic evaluation plays an important role in the allocation of finite resources (4).

Healthcare funds are scarce (5), and decisions must be made as to the most efficient



intervention or programme to fund. There will always exist an “opportunity cost” from the
benefits forgone by not selecting an alternative option (6). Economic evaluation facilitates the
objective assessment of the relative benefits and costs (7), so that decision makers can choose

the strategy with the most efficient net outcome.

It is necessary to have information on the costs and benefits of one or more interventions for
economic analysis (8). This usually comprises of one or more new treatments or programmes
against standard practice. There are two frameworks for evaluating healthcare benefits,
namely welfarism and extra-welfarism, both with different methodological and theoretical

basis (9).

Briefly, welfarism appraises healthcare according to the extent to which it contributes to
maximise overall social wellbeing or “utility” (10). Utility in this sense is defined in terms of
the consumption of goods and the satisfaction derived (4). Within welfarism, health services
are some of the many goods that may be consumed, and utility may be gained by improving
outcomes outside the domains of health (11). This requires the use of a cost-benefit approach
where both benefits and costs are measured in monetary terms (e.g. willingness to pay). Such
methods are conventionally adopted in other publicly funded sectors, such as transport and
environmental sciences, but have limited application in healthcare due to heterogeneity in the

perception of ability to pay for health among other methodological challenges (9).

In contrast, the extra-welfarism approach seeks to maximise utility in terms of health
contribution (9). Health is viewed as a physical entity of which individuals have stock, and of
which gains may be produced (as health outcomes or “health-related utility’’) through the

allocation of health resources (11). When outcomes are measured in costs and natural units



specific to the nature of the disease (e.g. blood pressure, life years gained etc.), this is termed
a cost-effectiveness analysis (CEA). A variant of cost-effectiveness analysis is the cost-utility
analysis (CUA) in which outcomes are measured in terms of a single unit measure, namely
the cost per Quality-Adjusted-Life-Year (QALY). QALYs combine survival and quality of
life, permitting the direct comparison of outcomes across different conditions or interventions
(12), and are the measure of cost-effectiveness recommended by decision makers such as the
National Institute for Health and Care Excellence (NICE). Extra-welfarism was introduced to
expand the evaluative space to include health in policy decisions, and although Coast (11)
and Lorgelly (13) argue that it may in fact narrow the valuation of utility to include only

health, it is widely adopted in the appraisal of health services.

1.3 Valuing health states and health-related utility

The use of QALY's in economic evaluation requires the numerical adjustment of life
expectancy to reflect underlying health (6). Utilities are cardinal measures of quality of life
that represent the strength of preference for a health state or intervention (14). They are
measured on a scale from 0 to 1, equivalent to being dead and in perfect health respectively.
Utility here (and for the remainder of the thesis) is defined using an extra-welfarism
framework and focuses on health dimensions, in keeping with national recommendations for
the economic evaluation of health interventions in the United Kingdom (UK) (8). Utilities are

used to inform QALY and are therefore integral to the way healthcare is measured.

The issue of how to elicit or whose utilities should be measured is a matter of significant
debate (15). Traditionally, utilities were commonly derived by clinical experts using direct
approaches such as the visual analogue scale, standard gamble or time-trade-off (16).

However, concerns about the ability of providers to accurately determine patient health has



led many to argue that utilities should, in fact be elicited from patients (17). More recently
there has been movement toward the valuation of utilities by the general population using
generic utility instruments (e.g. EuroQol-5D), given that healthcare is primarily publicly
funded (18). Regardless of the approach chosen, the valuation of utility must be undertaken
using valid and reliable methods relevant to the condition under study. Furthermore, it is
important that utilities capture all the relevant benefits and harms during the valuation
process. This concern is central to the research presented in this thesis and will be considered

in more detail in subsequent chapters.

1.4 Breast cancer screening programmes

Breast cancer screening programmes were introduced in the late 1980s to reduce the
morbidity and mortality associated with the rise in breast cancer among the general
population (19). The purpose of screening is to advance the time of diagnosis so that survival
may be improved through earlier intervention (20). Digital mammography has largely
replaced film screening in recent years, but eligible women are routinely invited and are
informed of the result by letter (21). In the United Kingdom, women aged 50-70 years are
invited for screening every three years. Elsewhere in continental Europe and Australia,

mammography screening is conducted biennially up to the age of 74 years (1).

Since the introduction of breast screening programmes, there has been debate about the
magnitude of the benefits and harms to the general population (3). The expected benefits of
mammography are the reduction in breast cancer mortality and in morbidity from less
intensive treatment (22). The major harm among others (e.g. false positives and irradiation) is
overdiagnosis and its sequelae. Overdiagnosis refers to “the diagnosis of disease that would

otherwise not go on to cause symptoms or death” ((23): p.605). Estimates of overdiagnosis



are diverse and widely contested, with reported rates from meta-analyses varying between
0% and 54% (24). Nonetheless, there is agreement that whilst both invasive and in situ
cancers account for those overtreated (25) a significant proportion of overdiagnosis is

associated with low-risk disease, specifically ductal carcinoma in situ.

The controversy surrounding national breast screening programmes intensified in 2012
following publication of the UK Independent Panel Report (3) on the net benefits and harms
of breast cancer screening. The panel concluded that for every life saved by breast cancer
screening, three women potentially received unnecessary treatment as a result of
overdiagnosis. Consequently, there has been increasing debate among both clinicians and
health economists about national breast screening policy (26). There is a call to reform the
current strategy in line with changes in technology and incidences of the disease, so as to
maximise the benefits for high-risk women but limit the harms for those with lower baseline

risk of invasive progression.

1.5 Why ductal carcinoma in situ?

The pathways associated with the sequelae of mammography screening are complex. To
model the entirety of the benefits and harms associated with invasive and non-invasive
disease would be beyond the scope of this thesis. Therefore, for the purposes of this research
ductal carcinoma in situ is used as a vehicle to explore whether the utilities and disutilities of
breast screening are captured appropriately. It is hypothesized that only 10-30% of low-grade
DCIS will progress into invasive breast cancer during the lifetime of those diagnosed (27),
and many clinicians think that this estimate may be lower with surveillance. The condition
thus provides an ideal case study to explore the benefits and harms following breast cancer

screening.



Most women undergo breast conserving surgery, with or without radiotherapy, and endocrine
treatment (for those with receptor positive disease) following diagnosis of DCIS (28).
However, there is evidence to suggest that active monitoring of low-risk DCIS may reduce
the harms of unnecessary treatment resulting from overdiagnosis (29). Phase III randomised
controlled trials such as the Low Risk DCIS (LORIS) trial (30) in the UK are underway to
explore the clinical safety and efficacy of active monitoring, yet little is known about the
potential implications of such strategies upon quality of life or breast cancer screening

programmes.

1.6 Rationale for the thesis

Mammography screening is deemed cost-effective for women aged 50-70 in the UK general
population. However, such policy decisions are only as robust as the evidence informing
them. The national breast cancer screening programme, introduced after the Forrest Report
(19), concluded screening was a cost-effective method for the UK National Health Service
(NHS) to reduce breast cancer morbidity and mortality by approximately a third. Whilst the
report did apply a cost per QALY approach, the model did not include any disutilities beyond

the initial surgery in the analysis.

In light of increasing concern about the benefits and harms of screening, Raftery and
Chorozoglou (31) updated the original lifetable model from the Forrest report to include the
harms of false positives and the side-effects from treatment. The explicit inclusion of this
additional disutility was found to change the relative cost-effectiveness of the British breast
screening programme for the initial eight years of screening and further raised questions as to
whether the decision on the current breast screening strategy was adequately informed.

However, the authors were explicit in that they did not include the harm of overdiagnosis in



their analysis due to a lack of published data around the disutility of unnecessary treatment.
Specifically, they state:

“None of the surveys of quality of life included overtreatment, implicitly assuming all
surgery was necessary. To answer this question, surveys would have to ask each woman
whether her quality of life would be affected if it could be shown that her surgery had been

unnecessary.” ((31): p.8)

The difficulty of working within the breast screening remit is that the natural history of the
disease is not well understood (32). It is therefore difficult to predict which women will be
overdiagnosed at the individual level. Nonetheless, at a societal level there is an obligation
for policy makers to ensure that the benefits and harms of screening are adequately captured
so that the most efficient strategy is implemented. Misplaced decisions about screening not
only pose questions about inappropriate resource use or opportunity costs forgone, but also
raise ethical issues associated with inappropriate cancer diagnoses and side-effects from

treatment on women who ultimately may not have needed it.

The importance of using utilities that accurately reflect the benefits and harms of the process
is therefore of high importance in informing the breast screening debate. Whilst much of the
literature to date has focused on clinical outcomes and estimates of overdiagnosis (3, 33),
little has been done to address the economic concerns and implications that this might have
on screening policy. It is unclear whether screening may or may not be based on missing
information. An evaluation of how the benefits and harms are conceptualised in breast cancer
screening policy is explored in this thesis, using ductal carcinoma as a vehicle to explore

outcomes relevant to overdiagnosis.



1.7 Significance of the research

It is important that decision makers are adequately informed about the risks, as well as the
benefits, in the appraisal of the likely implications of breast screening strategies. There is a
need to critique the current evidence-base to determine how such health states have been

conceptualised and valued, and whether the utilities applied have been valued appropriately.

Furthermore, it is important that individuals valuing screening and the treatment of low-risk
disease are aware of the likely benefits and risks in the measurement of quality of life.
Without reliable and consistent evidence to inform the economic evaluation of breast
screening programmes, women with low-risk disease such as DCIS may be subject to

inappropriate health resource use and overtreatment.

1.8 Aim and objectives
The aim of the thesis is to quantify the benefits and harms associated with the treatment of
ductal carcinoma in situ for use in the economic evaluation of breast cancer screening

programmes.

Four study objectives are explored to address this research question:
1. To ascertain how the benefits and harms associated with breast cancer screening
programmes are currently conceptualised and valued.
2. To value the health-related quality of life (utility) associated with different treatments
for low-risk DCIS, explicitly including the risk of overdiagnosis.
3. To understand the factors which influence women’s preferences in the trade-off

between the management of DCIS and the risk of overtreatment.



4. To develop an economic model of low-risk DCIS, predicting costs and outcomes for a
hypothetical cohort of patients using the derived utilities, and to consider the potential
impact of the findings upon the future evaluation of breast cancer screening

programmes.

1.9 Thesis outline

This chapter has introduced the key concepts and purpose for undertaking the research
presented throughout the thesis. The subsequent chapters describe the findings from each
stage of the research, namely the review of the literature, empirical study, qualitative

interviews and economic model, and are structured as follows:

Chapter 2 summarises the debate on breast cancer screening programmes, and highlights the
challenges associated with valuing health states related to overdiagnosis and DCIS. The Low-

Risk DCIS (LORIS) trial is also described from which this thesis was motivated.

The principles of economic evaluation and health state valuation are described in Chapter 3.
In doing so, the theoretical foundations and methodology underpinning the economic
measures applied in the empirical analysis of utility are explored in detail. Whilst
predominantly descriptive in nature, the ideologies discussed are essential for understanding

the theory applied later in the thesis.

Chapter 4 presents a systematic review of studies that attempted to use or measure utilities in
the economic evaluation of breast cancer screening programmes. The review was conducted
to determine how the benefits and harms associated with the sequelae of screening are

valued, including the overdiagnosis and overtreatment of low-risk disease.



The methodology for an empirical study valuing health states for DCIS is reported in
Chapter 5. The objective of this chapter was to address the limitations identified in the
systematic review. The chapter concludes with the theoretical recommendations as to what
might be an appropriate approach for capturing the disutility of overdiagnosis from first

principles.

Chapter 6 presents the main results from the empirical study valuing utilities for low-risk
DCIS. This chapter is separated into two parts. The main clinical and health economic
findings are presented in part one, and in part two, the methodological limitations are outlined

in relation to the data collected.

A review of economic evaluations for the treatment of ductal carcinoma in situ is presented in
Chapter 7. The aim of this chapter was to identify a suitable vehicle for the development of
an economic model of DCIS treatment, specifically active monitoring versus standard

treatment.

The construction of an economic model of low-risk DCIS treatment is summarised in
Chapter 8. The principal aim of the model was to illustrate the potential implications of
including the disutility of overdiagnosis (from applying the utilities elicited versus those from

the literature) in an economic analysis depicting the LORIS trial.

In Chapter 9 a qualitative analysis of the preferences of breast cancer patients for managing

low-risk DCIS is presented. This chapter supplements the findings from the empirical study

and model by providing an in-depth analysis of the factors influencing the utilities derived.
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Chapter 10 revisits the objectives specified at the beginning of this chapter. The main
findings from each chapter are consolidated and compared with the literature, along with a
critical interpretation of the strengths and limitations of the work undertaken. The chapter
concludes with an evaluation of the potential research implications of the main findings and

recommendations for future research.
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CHAPTER SUMMARY

What is known?

e Economic evaluations provide evidence for decision-makers on how best to allocate
limited healthcare resources.

e Many decision makers prefer a cost per QALY approach and require utilities to adjust
life expectancy by the quality of life of a health state.

e The benefits and harms associated with breast cancer screening programmes are
widely contested, yet little research has been undertaken on how these have been

conceptualised in economic evaluation.

What this chapter adds

e This thesis aims to quantify the benefits and harms associated with the treatment of
DCIS for use in the economic evaluation of breast screening programmes.

e Ductal carcinoma in situ provides a useful vehicle in which to explore how the
benefits and harms of breast cancer screening are captured in economic evaluations,
including the risk of overdiagnosis and potential for overtreatment.

e The ten chapters in the thesis provide a framework in which to explore how women’s
preferences of screening for and treating DCIS are captured in the evidence informing

breast cancer decision-making.
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CHAPTER 2

Breast cancer screening and ductal carcinoma in situ

2.1 Introduction

In this chapter a clinical summary of breast cancer screening programmes and ductal
carcinoma in situ are reported, alongside reasons for using this condition as a case study for
exploring the disutility associated with overdiagnosis. The chapter is structured as follows;
first a summary of the debate surrounding breast cancer screening programmes is presented,
followed by a brief discussion of potential benefits and harms. Second, an overview of ductal
carcinoma in situ is given, including its incidence, management and relevance to breast
cancer screening and treatment. Finally, a summary is provided of the Low-Risk Ductal
Carcinoma in Situ (LORIS) trial, specifically its importance and potential application in the

debate about overdiagnosis and breast cancer screening programmes.

2.2 Breast cancer and demand on healthcare

2.2.1 Overview

Breast cancer is a major cause of morbidity and mortality. It is the most common cancer
among women worldwide and the second highest cause of cancer death (34). Approximately
55,200 women are diagnosed with invasive breast cancer in the United Kingdom every year
(35) and 19,535 across Australia (36). Observed incidence rates have increased in all age
groups since the 1990s with around 300 new cases diagnosed per 100,000 women each year
(37), but numbers are even higher in countries with established population screening

programmes including Australia, the USA and UK.
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Breast cancer is defined as malignant disease that has developed from the growth of abnormal
or cancerous cells which originate from the tissues of the breast (20). Each breast is
composed of a structure of mammary glands surrounded by a fatty connective tissue stroma
which gives the breast its characteristic shape (1). Mammary glands are modified sweat
glands and consist of a series of milk ducts and secretory lobules necessary for lactation (35).
Breast cancer diagnosis and management is thus characterised by the origin of the abnormal
cells within the breast and their propensity to grow and divide, as well as the protein

receptors expressed on the cell surface (1).

Breast cancers are primarily characterised into non-invasive and invasive disease (2). Non-
invasive disease (in situ or stage zero breast carcinoma) is considered pre-cancerous in nature
as the abnormal cells have not spread beyond the epithelium and into the surrounding normal
breast tissue (32). Ductal carcinoma in situ (DCIS) is the most common type of non-invasive
breast cancer and derives from the milk ducts of the breast (35). Lobular carcinoma in situ
(LCIS) stems from the milk producing glands (lobules) at the ends of the ducts. Both DCIS
and LCIS are considered non-invasive but may increase the risk of developing an invasive

breast cancer later in life (36).

In situ breast cancers may be further characterised by grade based on the differentiation of the
cancer cells under the microscope compared with normal breast cells (1). This is of
importance as the propensity for invasive progression is likely to depend on the predicted
growth and appearance of the cells identified (32). DCIS is graded as low, moderate or high-
grade disease (28). Low grade DCIS has an almost normal appearance and growth rate on

histopathological examination, and a lower risk of invasive progression and recurrence (25).
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In contrast, moderate and high-grade DCIS appear more abnormal, have higher cell turnover

and are more likely to develop into invasive breast cancer (25).

Invasive breast cancer refers to malignant breast disease whereby the cancerous cells have
grown into the surrounding breast tissue (1). Invasive breast cancers may originate from in
situ disease in the ducts, milk lobules or (Iess commonly) the surrounding connective tissue,
nipple or chest wall of the breast (2). If untreated invasive breast cancer may metastasize to
the lymph nodes and potentially to other parts of the body (21). Early breast cancer (stage I-
IT) encompasses any invasive breast cancer that is contained within the breast or surrounding
lymph nodes in the axilla but not elsewhere in the body (Table 2.1). Locally advanced or
loco-regional breast cancer (stage III) involves invasive breast that is either larger in size
(>50mm) or cancer which has spread beyond the breast to the nearby skin, chest wall
musculature or ipsilateral lymph nodes surrounding the breast. Metastatic or advanced breast
cancer (stage I'V) suggests that the cancer has spread to other parts of the body such as the
lungs, liver, brain or bones (1). Breast cancers are also characterised by their hormone
receptor status. Two thirds of breast cancers are hormone receptor positive and require female
hormones (oestrogen +/- progesterone) to grow and develop (37). Similarly, HER-2 positive
breast cancers have excess surface protein human epidermal growth factor receptor-2 which

promotes the growth of cancer cells (1).

Mammography screening programmes were introduced to counteract the rise in breast cancer
harm and significant demand on healthcare (19). According to US surveillance, epidemiology
and end results (SEER) risk data, 12% of women will develop breast cancer during their
lifetime and 3% will die from the disease (38). Trends in breast cancer-specific mortality

have decreased in most developed countries as a likely result of earlier detection through
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screening, better breast awareness and improvements in treatment (39). Prognosis for women
diagnosed with in situ breast cancer is particularly favourable. At 20-years, breast cancer-

specific survival among 108,196 women with DCIS was 96.7% (40).

Table 2.1: A summary of breast cancer staging

Stage | Description

Stage 0 | Tumours that have not grown beyond their state of origin into the surrounding
breast tissue: (low/moderate/high grade disease)

DCIS |- Ductal carcinoma in situ: non-invasive disease which originates in the milk
ducts

LCIS - Lobular carcinoma in situ: non-invasive disease which originates in the milk
glands

Stage 1 | Invasive tumour <20mm with no evidence of lymphatic involvement

Stage 2 | Invasive tumour >20mm but <50mm in diameter +/- involvement of up to 1-3
axillary lymph nodes

Stage 3 | Invasive tumour >50 mm +/- involvement of up to 4-10 axillary lymph nodes or
local structures (e.g. chest wall)

Stage 4 | Invasive tumour of any size with distant metastases

Whilst overall incidence of breast cancer has remained stable over the last few years, in situ
breast cancer rates have almost tripled following the introduction of breast cancer screening
programmes (35). Incidence trends, like most cancer types, reflect the changing epidemiology
and prevalence of risk factors in the population (41) (e.g. age, family history, lifestyle factors
— obesity, alcohol consumption and reduced physical activity, nulliparity, prolonged
hormonal therapy etc.), improvements in diagnostic technology and better data recording
(35). Nonetheless, the introduction of breast cancer screening programmes in the late 1980s

has also contributed to the dramatic rise in early stage disease for those aged 50-74.

Figure 2.1 illustrates the change in breast cancer patterns observed in Australian women over

the last 40 years (42). One would expect a stage shift from regional and metastatic breast

16



cancer to in situ disease, based on the criteria for successful screening programmes set out by
the World Health Organisation (WHO) (43). However, despite substantial increases in the
number of in situ breast cancers (both lobular and ductal carcinoma in situ encompassing
the milk glands or ducts), screening has only marginally decreased the rate at which women
present with late-stage or advanced breast cancer (44). Although the burden of breast cancer
mortality has decreased, there is also likely to be increased demand on health services from
the excess detection of early stage cancer that is not matched by a reduction in late-stage

disease (45).

2.2.2 Breast cancer screening programmes

The national breast cancer screening programme was introduced to reduce breast cancer
morbidity and mortality in the general population through the identification of cancer at an
earlier stage, when treatment may be improved by earlier intervention (3). Currently, women
aged 50-70 years in the UK are routinely invited for a mammogram every three years. Breast
screening policy varies widely internationally, however, with women aged 50-74 invited
biennially in Australia and Western Europe or annually in those aged >40 years in some US

based clinics (46).

The typical pathway for a woman invited to routine breast cancer screening is shown in
Figure 2.2. Eligible women are invited to participate by letter and are asked to attend a
specialist mobile unit or clinic to have a mammogram (x-ray of the breasts). Digital
mammography has generally replaced film mammography, and those with
mammographically dense breasts may be offered digital breast tomosynthesis (47, 48). The
screening images are reviewed by specialist radiologists. Women with abnormal

mammograms (true or false positives) are recalled for further investigation, usually further
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imaging with or without core biopsy. Women are subsequently reassured and are informed of
their results (rates of false negative are low) or diagnosed with breast cancer and sent for
treatment with the multidisciplinary breast team. The average screening cycle in the National

Health Service (NHS) system from invitation to result takes approximately 28 days (49).
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Figure 2.1: Breast cancer incidence in women aged 50-69 years in New South Wales, Australia (sourced from: (42))
*Legend: DCIS : ductal carcinoma in situ; LCIS: lobular carcinoma in situ; Invasive: Invasive breast cancer
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In the UK, the national breast screening programme is estimated to have an annual running
cost of £96 million (50). Similarly, in Australia, an estimated 36% of the $331 million health
expenditure on breast cancer in 2004-5 was spent on mammography screening services
through Breast Screen Australia (51). The cost of screening may be offset by the reduced cost
of treating less advanced screen detected cancers (52). However, with increasing numbers of
women diagnosed with early stage breast cancer, mammography screening places significant

demand on limited health resources and thus warrants rigorous health economic review (53).

2.2.3 The debate over the benefits and harms of breast cancer screening

There has been widespread debate over the magnitude of the benefits and harms associated
with screening the general population for breast cancer. Mammography screening has been
shown to improve patient survival and reduce the morbidity and cost of treatment through the
identification of early stage cancer when outcomes are more favourable (3), but it also results
in the diagnosis and treatment of some pre-cancerous lesions and cancers that would not
otherwise have become symptomatic (54). The benefits and harms of breast cancer screening

are subsequently considered.

Breast cancer screening undoubtedly saves lives. A Cochrane meta-analysis of 11 randomised
controlled trials of breast screening with 13 years of follow-up estimated a 20% reduction in
breast cancer mortality among women invited to screening (RR: 0.8, CI 0.73-0.89) (20).
Systematic reviews of US and Australian data have also reported similar breast cancer
mortality reductions of 25 to 31% in those invited to and attending breast cancer screening
(33, 55). Women with screen detected early breast cancer also receive substantially less

intensive treatment than non-screeners (56) and incur fewer costs (57). Furthermore, those
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who attend screening and are given a true-negative result may also gain utility from the

reassurance of knowing that they are cancer free (58).

However, there are increasing concerns about the potential harms of population breast
screening. Mammography may identify benign abnormalities and cause unnecessary anxiety
(false positives) and there may be harms associated with the screening process itself (e.g.
irradiation) (59). Similarly, whilst screening may save the life of patients with high-grade or
aggressive breast cancer (22), it is less likely to benefit those with low-risk disease or reduced
life expectancy from comorbid conditions (60). The valuation of breast screening
programmes is thus challenging for decision makers seeking to trade-off the uncertainties

surrounding the benefits and harms.

In 2012, the UK Independent Panel for Breast Cancer Screening (3) estimated that 11% of the
cancers diagnosed by screening programmes were overdiagnosis (i.e. for every life saved by
breast cancer screening, three women were the subject of overdiagnosis and potentially
unnecessary treatment). Furthermore, a substantial number of screening participants were
recalled for further assessment of a positive screening test, of which only 12% had a cancer
diagnosis and 88% did not (33). Such assessment involves further imaging, for example
mammography and ultrasound, or potentially invasive procedures including core biopsy, all

of which may induce significant anxiety and have potential morbidity (61).

Consequently, there has been increasing debate among both clinicians and health economists
about national breast screening strategies and the need to maximise the benefits for women at
higher risk of developing breast cancer and limit the harms (including overdiagnosis) for

those with a lower baseline risk (62).
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2.2.4 Overdiagnosis

Overdiagnosis is defined as “the diagnosis of cancer that would never cause clinical harm,”
((27): p.6). It is important to distinguish overdiagnosis from false-positive cases arising from
screening, in that patients have been histologically confirmed as having cancer and not a
benign abnormality. Overdiagnosis refers to all cancers, invasive or in situ, although in situ
disease is considered to account for a significantly higher proportion due to the non-invasive
nature of the disease and uncertainty in natural history (64). There is no agreement on the
extent of overdiagnosis. Rates are highly variable with estimates in one meta-analysis ranging
from 0-54% (33), but many think it is substantially higher in those with low-risk DCIS and

longer follow-up. This distinction is important because the rate of progression of untreated

DCIS is critical to how patients and clinicians may value the benefit of treatment (65, 66).

Underpinning the concept of overdiagnosis is the hypothesis that different breast cancers
grow at variable rates. As illustrated in Figure 2.3, breast cancer may be aggressive, slow
growing or indolent in nature. Low-risk cancers such as ductal carcinoma in situ (DCIS) may
regress, remain dormant or progress so slowly that they might never present symptomatically
in the absence of screening (28). As a result, selection of these cancers at mammography
turns women into cancer patients and may lead to treatment that may not be beneficial or may

adversely impact quality of life and cause harm (67).

In any screening programme, a degree of overdiagnosis is inevitable because of competing
causes of death. However, it is also possible that screening identifies some cancers that would
never have become clinically detectable during the patient’s lifetime (68). These cases, which
would not have resulted in any morbidity or required treatment had they not been identified

through screening, are therefore considered a harm of breast cancer screening programmes as
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women are subjected to the potential morbidity and costs from incurring a cancer label and

associated unnecessary treatment (27).

Overdiagnosis also has significant financial implications for society. Breast cancer costs the
UK economy an estimated £1.5 billion annually (69). Therefore, if some women are
receiving potentially unnecessary treatment as a result of overdiagnosis, resources are being

spent inappropriately at the opportunity cost of healthcare expenditure elsewhere (4).
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Figure 2.3: Different progression pathways for breast cancers identified at screening

(adapted from: (28))

The national breast cancer screening programme was introduced in the UK following the
publication of the Forrest report (19) which concluded that screening was a cost-effective
method of reducing breast cancer mortality by approximately a third. Whilst the report used a
recommended cost per QALY approach in the analysis of costs and benefits (8), the analysis
did not include any harm on quality of life beyond the initial surgery for those with positive

screens.
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Raftery et al. (31) re-evaluated the economic model from the Forrest report after concerns
arose surrounding the benefits and harms of mammography and the rise in overdiagnosis.
After factoring in the disutility of false positive mammograms and treatment in the reported
QALYs, they concluded that breast cancer screening programmes might have caused net
harm for up to eight years, changing the relative cost-effectiveness of the current screening
strategy. However, they were unable to include the disutility of overdiagnosis in their
analysis due to a lack of published data. Whilst much of the literature has focused on the
clinical aspects surrounding the rate of overdiagnosis (3, 24, 70), little has been done to
address the economic concerns and implications of unnecessary treatment on breast cancer
screening policy. This thesis has used ductal carcinoma in situ (DCIS) as a case study in

order to appraise this harm.

2.3 Ductal carcinoma in situ

2.3.1 Why DCIS for capturing overdiagnosis?

Ductal carcinoma in situ is a pre-invasive condition encompassing a spectrum of abnormal
cells confined within the mammary ducts of the breast (32). It is often considered a non-
obligate precursor to invasive breast cancer because although the abnormal cells within the
duct display signs suggestive of malignancy (71), they have not invaded into the surrounding

tissue and therefore cannot technically be labelled as a cancer per se.

DCIS was deemed a suitable vehicle for exploring the challenges associated with valuing

breast screening outcomes because:

(1) It is primarily a condition of screening
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(i1) Low-risk DCIS has a slow pathway of progression (and is therefore hypothesised
to account for a significant proportion of overdiagnosis)
(ii1)  Different DCIS grades may have different treatment options and clinical outcomes

(and can therefore be used to model the different pathways following screening)

2.3.2 Incidence and economic burden

Since the introduction of the NHS Breast Screening Programme in 1988, the incidence of
DCIS has increased substantially and now represents approximately 20-25% of screen
detected breast cancer (72). In the UK alone, over 8,000 women are diagnosed with DCIS
every year (35). Consequently, the condition places considerable strain on limited healthcare
resources; the estimated cost to the health system of treating one woman with DCIS is £9,000
(73). With the planned extension of screening to include women aged 47-74 years (74), the

relative impact on resource use is likely to increase.

Whether DCIS is a precursor and a risk factor for invasive breast cancer is unknown (33).
The major challenge in the current understanding of DCIS is that it is not yet known which
DCIS will develop into invasive breast cancer. Consequently, women with low-risk DCIS
face being harmed by treatment without any benefit in survival (75, 76). The natural history
of DCIS and breast cancer is not well understood. This uncertainty in understanding arises
from the difficulty in observing disease progression over time, as the condition is typically

treated upon diagnosis following screening and histopathological confirmation (28).

There are two hypotheses about the likely pathophysiology of in situ disease (77). The first
theory (“multistep transformation”) assumes that breast cancer develops through a multi-step

linear transition, in keeping with the ideology behind the principles of screening and the
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detection of earlier stage disease. Using this theory (78), increasing genetic alteration along
the cell pathway turns normal epithelial cells into atypical aplasia, low then high grade in situ
disease and finally invasive breast carcinoma (Figure 2.4). Evidence from older retrospective

studies (79-81) support the hypothesis that DCIS is a precursive lesion to invasive ductal

carcinoma.

Normal Ductal Atypical Ductal Carcinoma DCIS with Invasive
Duct Hyperplasia Hyperplasia in situ Microinvasion  Ductal Carcinoma
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Figure 2.4: A schematic of possible breast carcinoma progression (Sourced from: (78))

More recently, the paradigm has shifted toward a more distinct dual pathway of progression
(82). DCIS is divided into three grades of disease dependent on morphological features,
hormonal receptors and genetic characteristics: low, intermediate and high-grade (83).
Genetic and histopathological advancements suggest that a linear model is too simplistic and
that there are in fact two pathways of in situ disease progression (84). According to this
model, early genetic changes in the cell pre-determine its propensity for disease progression,
1.e. low and high-grade DCIS are different entities with different disease pathways (77). By
this theory, low-grade DCIS may remain dormant or progress slowly into low-grade invasive
carcinoma. Conversely, high-grade DCIS has a more aggressive pathway of progression. A
US based observational study by Narod et al. (82) of 108,196 women demonstrated that high-
grade DCIS may have occult invasive cancer unidentified on pathological assessment, and is

therefore likely to follow a more aggressive route of invasive progression.
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Despite the identification of genetic markers (85), none of the proposed classification systems
can reliably predict or rule out invasive progression. As such, it is impossible for clinicians to
distinguish indolent DCIS from more aggressive disease at the time of diagnosis, and so all
women are treated regardless of disease grade (86). Risk factors for DCIS and invasive breast
cancer are similar (87-89), the most common being increasing age, family history and
increased breast density. However, it is argued that not all DCIS will progress into an
invasive breast cancer without treatment (3). Low-risk DCIS (defined as Grade I-11 DCIS,
<50mm and ER+/PR+/HER2-), thus provides an ideal proxy health state to explore the

valuation of overdiagnosis resulting from breast cancer screening programmes.

2.3.3 Screening, investigation and diagnosis

DCIS is primarily a disease of screening (90). Nearly 90% of cases are diagnosed through
microcalcification on imaging studies, primarily mammography screening, rather than
through symptomatic presentation or clinical examination. Diagnosis is subsequently

confirmed by core biopsy and histopathological review (91).

DCIS itself has an excellent prognosis, with breast cancer survival exceeding 96% after 20
years (25). Nonetheless, there is variation in treatment intensity and a suggestion that women
with low-risk DCIS may often undergo more extensive treatment than is required.
Overtreatment is a growing concern (92) and has implications for both patients (adverse

treatment effects, out of pocket costs) and society (ethical issues, public health expenditure).

2.3.4 Treatment and prognosis
The current treatment for screen-detected, asymptomatic DCIS aims at preventing invasive

breast cancer progression (28). Standard local therapy for DCIS is breast conserving surgery
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(BCS), with or without radiotherapy, or a total mastectomy. Endocrine treatment to reduce
the incidence of subsequent breast cancer may be considered (74). In the UK, 30% of women
diagnosed with screen detected DCIS are treated by mastectomy and 70% by breast
conserving surgery (27), comparable with mastectomy rates for invasive breast disease.
Mastectomy is an excellent treatment in terms of reduced risks of recurrence or progression
to invasive cancer, but may be regarded as extensive treatment for a non-life threatening

condition (93).

There are many factors that influence treatment decisions including the size and grade of the
abnormality, the age and health of the patient, possible side-effects of treatment and patient
preference (71). For example, the role of radiotherapy requires a trade-off between the
potential side-effects, costs and intensity of treatment versus the risk of developing a
(treatable) local recurrence and its subsequent psychological sequelae in the patient (94).
Similarly, the consequences of treatment can have a long-term negative impact upon quality
of life. A cross-sectional study of 333 Australian women by Tian et al. (95) demonstrated that
many breast cancer patients reported chronic morbidity, lower functional status and issues

with body image after treatment that was unaffected by time following surgery.

However, the risk of disease recurrence is significantly reduced with more intensive
treatment. A meta-analysis (96) of four randomised controlled trials (n = 3,729) demonstrated
that radiotherapy after BCS for DCIS reduced the risk of recurrence by up to 50% (HR 0.46)
but did not improve breast cancer-specific survival (97). Similarly, rates of ipsilateral
invasive recurrence were lower in women treated with mastectomy compared with BCS alone
(98), but again there was no significant difference in survival. Endocrine therapy is not

routinely recommended for women with DCIS in the UK (74), although both tamoxifen and
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anastrozole have been shown to reduce the 10-year risk of recurrence and new breast cancer

events in those with hormone (ER/PR) positive disease (99, 100).

2.4 Controversies in DCIS treatment

The management of DCIS remains controversial. Treatment encompasses a multidisciplinary
approach consuming considerable healthcare resources and requires long term follow-up
(101). The rationale behind treatment is to prevent the development of invasive disease.
Without treatment it is estimated that 10-30% of DCIS will progress to invasive breast cancer
(102). Yet once diagnosed, 97% are treated according to current guidelines of surgery,
radiotherapy and endocrine therapy, i.e. treatments comparable to those recommended for
invasive breast cancer (29). Women are therefore not only exposed to the morbidity of
treatment, but the risk of anxiety associated from having a “cancer” diagnosis (27),

potentially leading to widespread overtreatment (103).

A retrospective cohort analysis (25) of 57,222 women with DCIS from the US showed no
significant difference in survival between those with low-grade disease who underwent
surgery and those who did not (Figure 2.5). Among those with low-grade DCIS, the weighted
disease specific survival after 10 years was 98.8% and 98.6% for those who had surgery and
no surgery respectively. Subsequently, many women undergo the morbidity of invasive

treatment to reduce the potential risk of future recurrence without any benefit in survival.

Another study by Solin et al. (104) followed 665 patients with low, intermediate and high-
grade DCIS managed via breast conserving surgery alone. At a median follow-up of 12.3
years, ipsilateral breast recurrence was 14.4% (7.5% invasive) for women with low-

intermediate grade DCIS, but 24.6% in the high-grade group (13.4% invasive). The results
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suggest that not all DCIS will become an invasive breast cancer in patients with favourable
DCIS characteristics. Other retrospective reviews prior to screening (80, 81), whereby
women with low grade DCIS were treated by biopsy alone, concluded that around half of the

local recurrences that occurred were in situ disease with no threat to life.

10—

10-year BCSS for low-grade DCIS:

.57 * Surgery: 98.8%

* No surgery: 98.6%
0.6

0.4

0.2+

Breast Cancer-Specific Survival

0 I | T T I 1
0 30 60 90 120 150 180

Follow-up Time After Diagnosis, mo

Legend: BCSS: Breast cancer specific survival, mo: months

Figure 2.5: Kaplan-Meier curves for breast cancer specific survival in low-grade DCIS

(adapted from:(25))

Whilst there is ongoing debate about recurrence, there is growing belief that many of the
recurrences reported for DCIS may in fact be new primaries or concurrent high-risk disease
not previously identified on biopsy rather than true progression (105). Invasive breast cancer
has been found in 8-43% of resection specimens from patients primarily diagnosed as having

DCIS (28). A US observational study of 108,196 women who received a diagnosis of DCIS
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from 1988 to 2011 showed that at 20 years, the breast cancer specific mortality rate was
3.3%, comparable with general population mortality (40). Those who developed metastatic
breast cancer were unlikely to have had low-grade disease in isolation and concurrent high-

grade DCIS was associated with most of women who went on to die from breast cancer.

2.5 Active monitoring: a possible solution to overtreatment?

For women with low-grade DCIS, trials of observational treatment strategies, known as
active monitoring, are underway that may serve as an alternative to immediate surgical
management (27, 106, 107). Active monitoring is an expectant treatment option that delays
and potentially avoids curative treatment unless and until there is evidence of high-grade or
invasive disease progression (30). Patients have yearly mammograms to examine for
potential cancer progression, and a core biopsy only if there is any suggestion of new
abnormalities. Monitoring has the benefit of allowing women to delay and possibly avoid the
side-effects of potentially unnecessary treatment. But the risk of invasive progression for
DCIS managed non-surgically is uncertain and may induce additional anxiety or more
intensive treatment if invasive disease ensues (108). Consequently, such strategies are only
available under observation in clinical trials at present, the first of which is the Low-Risk

DCIS (LORIS) trial at the University of Birmingham.

2.6 The Low-Risk DCIS (LORIS) trial

The LORIS trial was established to address the issue of overdiagnosis (30). It is a multi-
centre, phase III, randomised controlled trial of patients with low-risk DCIS (defined as low
or low-intermediate grade DCIS with no comedo-necrosis on histopathology). Patients are
randomised to standard surgical treatment and postoperative follow-up versus active

monitoring (annual mammography follow-up). The primary outcome of the trial is to assess
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whether active monitoring is non-inferior to surgery in terms of ipsilateral breast cancer free

survival. A schematic of the trial is provided in Figure 2.6.

Randomised controlled trials are used to gather data and provide reliable information about
the effects of an intervention. They are less prone to distorting effects or biases than
observational studies and are therefore considered the gold standard practice for investigating
new medical interventions. The aim of the LORIS trial is to determine whether women with
newly diagnosed low-risk DCIS can safely avoid surgery, enabling women with screen-
detected low-risk DCIS to make an informed decision regarding treatment and the potential

prevention of unnecessary intervention following overdiagnosis.
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Figure 2.6: A schematic of the LORIS trial

Similar trials have been rolled out internationally, specifically the LORD (107), COMET

(106) and LORETTA (109) trials in the Netherlands, USA and Japan. Trials of active

33



monitoring have been successful in other oncological screening programmes (prostate and
cervical) (67, 110), and thus provide a suitable framework for modelling the impact of

overdiagnosis (and overtreatment) for the purposes of this thesis.

2.6.1 Issues relating to costs and utility

Although the LORIS trial provides a strong foundation for exploring the disutility of
overdiagnosis, the pre-trial research undertaken in this thesis is necessary to ascertain the
potential impact of overdiagnosis among women who are not likely to be biased by
participation in the trial. It is unlikely that the utilities captured in the surgical arm of the trial
will truly capture the disutility of overdiagnosis, as women will have the knowledge of being
randomised to a treatment and may therefore perceive it as having been necessary. Patients in
clinical trials are more closely monitored than in standard clinical practice and so the data
elicited may not reflect the true preferences of the general population. Consequently, the
quality of life values reported in the LORIS trial may not be representative and generalisable
to women in the community. Gaining an understanding of women’s preferences beyond the
trial and how they balance the associated benefits and risks will help decision makers to
implement effective screening and treatment which maximises the benefits and minimises

harms (111).

If active monitoring is found to be a safe and effective approach in the treatment of low-risk
DCIS then it is likely that there will be important cost implications for health and social care
services. For example, patients will avoid immediate surgery and radiotherapy and will
instead incur the smaller costs of monitoring and outpatient follow-up. Resources may thus
be saved by avoiding expensive inpatient care. However, active monitoring may incur undue

costs from extra appointments for reassurance or counselling between mammograms. Only
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one study to date has estimated the burden associated with the overtreatment of DCIS (73),
by multiplying the average cost of DCIS treatment by the estimated rates of overdiagnosis in
the US. Yet these estimates only offer an approximate calculation of the cost of overtreatment
and must be balanced against the trade-offs of monitoring anxiety and invasive progression

(112).

The difficulty of working within the breast screening remit is that the natural history of the
disease is unknown. It is hard to predict which individuals are overdiagnosed at the point of
diagnosis (90). Nonetheless, at the societal level there is an obligation for policy makers to
ensure that both the benefits and harms of screening are adequately captured. Misplaced
policy decisions about screening and treatment not only pose questions about inappropriate
resource use and opportunity costs forgone, but also raise the ethical dilemma around
inflicting an unnecessary cancer label and the impact of treatment on women who may not
have needed it (31). This thesis aims to address these issues and explore the extent to which

such harms are captured in economic evaluations, using DCIS as a proxy measure.

2.7 Conclusion

This chapter has summarised the issues surrounding the benefits and harms associated with
ductal carcinoma in situ and breast cancer screening programmes. Although mammography
has improved breast cancer survival and reduced treatment intensity, it has also contributed to
a dramatic increase in the number of low-risk breast cancers potentially subject to
overdiagnosis. Despite the mass of clinical evidence researching the benefits and harms of
breast cancer screening, there are important gaps in the economic evidence informing the
debate. The next chapter explores the theory of how these benefits and harms are captured in

economic evaluations and the methodological challenges faced in valuing health states.
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CHAPTER SUMMARY

What is known?

e Breast cancer is a major cause of population morbidity and mortality worldwide

e Breast cancer screening programmes were introduced to reduce the harms and
economic burden of breast cancer

e The benefits and harms of breast cancer screening are widely contested;
mammography screening reduces breast cancer mortality, but it also contributes to

the overdiagnosis and overtreatment of low-risk disease.
What this chapter adds

e Low and low-intermediate risk DCIS is likely to account for a significant
proportion of overdiagnosis arising from mammography screening.

e The LORIS trial comparing standard surgical management with active monitoring
provides a useful vehicle in which to explore the potential implications of
overdiagnosis and overtreatment in terms of quality of life.

e Further research is necessary to explore the values of women unbiased by a clinical
trial (generalisability) and to model the potential costs and implications beyond the

limited time horizon of the trial.
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CHAPTER 3

Theoretical foundations and methods in the economic
valuation of health

3.1 Introduction

The aim of this chapter is to provide an overview of the health economic theory and valuation
methods applied in the subsequent chapters of the thesis. It begins with an explanation of the
trade-offs implied in the allocation of health resources, alongside the theoretical concepts of
normative economics and frameworks used in the analysis of healthcare. This is followed by
a description of the different types of economic evaluation and their associated methods for
measuring and valuing health benefits. The chapter concludes with a brief overview of how
these values are applied in economic evaluation, and highlights some of the issues associated

with valuing health benefits and harms that are particularly pertinent to the thesis.

3.2 Theoretical foundations in health economics

3.2.1 Economic evaluations in healthcare

Healthcare resources are limited (4). Decisions must be made to determine which health
programme or treatment to fund. Yet pursuing one course of action will require forgoing
health benefits elsewhere. Should breast screening programmes be extended to older women
or high-risk groups in the population? Or should a new oncology drug be funded instead?
Such trade-offs will affect the type of healthcare available for the recipients and incur
opportunity costs to others. An evidence-based approach is therefore necessary to inform
choices in public health systems (8). Economic evaluations provide such a framework to

assess the relative benefits and costs of alternative options.
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Drummond (4) defines economic evaluation as “the comparative analysis of alternative
courses of action in terms of both their costs and consequences,” ((4): p.4). The objective is
to generate information that will assist decision makers to determine the most efficient
allocation of health services. Economic evaluations thus play a key role in the allocation of

healthcare, through the systematic comparison of costs and benefits of competing demands.

3.2.2 Positive and normative economics

Economics is broadly divided into two streams: positive and normative economics. Positive
economics is concerned with the objective relationship between economic variables and
events (5). In contrast, normative economics applies a subjective approach that relies on
value judgement to answer questions about how things should be done (113). The different
approaches therefore distinguish between factors that determine the demand for healthcare,
and the desirability of such relationships and whether they are equitable and efficient.
Normative judgments provide the basis for economic evaluation by ordering different states
of allocation according to benefit, enabling an assessment of the value of providing health
resources for one group over another (114). However, the healthcare market does not
resemble a normal market and preferences cannot be simply measured by assessing

individuals’ responses to changes in price (115).

In a normal market, the value of a good is determined directly by observing how individuals
respond to changes in quantity, price and their willingness and ability to pay for it (116). Yet
in healthcare the conditions that define a normal market are unmet. According to neoclassical
economic assumptions individuals make rational decisions with the aim of maximising utility
(117), but individuals are unlikely to know when they will become ill, what type of

healthcare will be necessary nor what the likely benefit will be at the point of need.
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Furthermore, the process of consuming health services may be extremely unpleasant (e.g.
chemotherapy) but patients consume healthcare regardless for the expected benefit it may
bring in the future. This decisional uncertainty and information asymmetry between clinicians
and patients may create conflict in agency (118). Therefore, decision makers act as an
advocate on behalf of patients to ensure efficient and objective policy decisions are made in
the allocation of healthcare resources (6). Such value judgements require a normative

approach, of which either a welfarist or extra-welfarist framework may be applied.

3.2.3 Welfarism

Welfare economics stems from the traditional theoretical framework for economic evaluation
(119). It is defined by the assessment of outcomes in terms of the extent to which they
contribute to maximise social wellbeing in terms of utility (6, 116). Utility in welfarism
represents the strength of an individual’s preference in terms of the “satisfaction” or
“happiness” they gain from a good (9). The primary purpose of welfarism is therefore to
provide a framework in which value judgements can be made (in terms of changes in utility)

to assist decision makers on how best to allocate limited health assets (120).

There are four key principles in which welfarism aims to achieve economic efficiency in

resource allocation (121):

1. Utility maximisation: individuals act rationally to maximise their own welfare.
2. Sovereignty: individuals are the best judges of their own utility.
3. Consequentialism: utility may only be derived as a consequence of the consumption

of resources and not the process itself.
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4. Welfarism: the ‘goodness’ of any given state can only be assessed via the utility

obtained from individuals in that state.

As trade-offs in utility cannot be measured directly in welfarist theory, monetary values are
used as a proxy for changes in utility in determining economic efficiency. The concept of
value judgment is based on the Pareto principle, which states: “social welfare unambiguously
increases only if the welfare of any member of society increases and that of no one falls.”
((9): p.326). That is, if an increase of utility for one individual may be made without making

another worse off, then the intervention should be implemented as society is better off (122).

The Pareto principle is not without criticism. Tsuchiya and Williams (123) argue that all
policies require a trade-off that will make some individuals better and others worse off in the
real world. Healthcare budgets are fixed and so there will always be gainers and losers in
healthcare allocation decisions. Consequently, a compensatory adjustment was introduced to
operationalise Pareto efficiency in the healthcare setting. Kaldor (124) and Hicks (125)
suggested Pareto improvement could be achieved if the gainers (from a change in resource
allocation) could adequately compensate the losers so that everyone would be better off. A
health programme is thus deemed worthwhile if the sum of the values derived after

compensation is greater than zero.

The practical application of Pareto improvement in welfarism is achieved through cost
benefit analysis (CBA). CBA is a type of economic evaluation in which all costs and health
outcomes (utility) are valued in monetary terms (116). Individuals are conventionally asked
to value utility in terms of hypothetical willingness to pay for (or avoid) the intervention

under examination (4), and the intervention is justified if there is an overall net gain to
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society, i.e. net monetary benefit outweighs the costs of implementation (126). Welfarism has
the advantage in that preferences for health may be considered alongside non health-based
attributes, and thus may address the question of whether services are worthwhile for society

across the wider public sector (6).

A key argument against welfarism is the public opinion that healthcare ought to be distributed
fairly based on need and not strength of preference (9). Although welfarism has strong
theoretical foundations in consumer choice theory, Sen (120) argues that the assessment of
utility alone is unlikely to capture individual wellbeing and preferences for resource
allocation in the health setting. For example, individuals differ in terms of their ability to
derive utility from resources and may adapt to expectations from ill health or happiness in
real life situations. A second criticism of welfarism is that there may be practical and ethical
limitations of valuing health in monetary terms. (9) Some individuals may be willing to
compensate for those in poor health which violates the central tenets of welfare theory (127).
Third, as judgements on different states are based on individuals’ strength of preference for a
state measured in monetary terms, the perceived ability or willingness to pay of the individual

may skew the allocation of resources toward those with higher income (128).

Criticism from decision bodies and the public around valuing health benefits in monetary
terms led to development of an alternative method of appraising health interventions, namely

extra-welfarism.

3.2.4 Extra-welfarism
Extra-welfarism seeks to maximise health (129). The extra-welfarism framework was

developed after Sen (130) argued that a broader perspective was necessary to capture the
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wider benefits that may be acquired from ensuing good health. Outcomes in extra-welfarism
are thus not solely based on social preferences, as in welfarism, but rather community values
are used to assess the impact of resource allocation where changes in health are considered as

changes in utility (10).

The notion of extra-welfarism, by definition, implies that something “extra” has been added
to the welfarism approach. Indeed, Brouwer et al. (9) identified four methods in which extra-
welfarism may be distinguished from welfarism. First, extra-welfarism permits the
measurement of non-utility outcomes (e.g. survival) so that health itself is captured in the
valuation of health services or treatment. Second, the valuation of benefit may be provided
from those not directly affected by the intervention but who may still be relevant to the
consideration of public health funding, i.e. the general population (11). Third, different
weights may be applied based on the socio-economic characteristics of those receiving the
intervention to address concerns regarding equity. Finally, extra-welfarism allows for
interpersonal comparison across multiple dimensions of well-being (e.g. pain, mobility, usual
activities etc.) as well as utility, which may have an important impact on how people value

health.

The extra-welfarism approach is operationalised through cost-effectiveness analysis (CEA).
CEA considers the best method of achieving a given objective, where results are presented in
terms of cost per natural unit of effect (6). For example, the analysis of a new treatment for
breast cancer might be expressed in terms of cost per life year gained or cost per cancer
prevented. The results of cost-effectiveness analysis can therefore be used to assess technical
efficiency, especially whether a new intervention can minimise the costs associated with

achieving a specific outcome or benefit, compared with the current standard of care (7).
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However, the CEA is limited in determining allocative efficiency, because findings cannot be
compared across different conditions, due to the disease specific nature of the outcome
measured. Consequently, this led to the development of the cost-utility analysis (CUA). The
CUA is a special sub-type of cost-effectiveness analysis, whereby outcomes are measured in
a single metric instead of using natural units, namely the quality-adjusted-life-year (QALY)
(6). The main advantage of the CUA is that it is thus able to overcome the issue of
comparability through the application of a common unit across disease groups and

interventions (14).

The extra-welfarism approach is widely implemented in public health systems and is
recommended by several decision-making bodies such as the National Institute for Health
and Care Excellence (NICE) (8). However, the valuation of interventions which may have
benefits outside of health (e.g. capability) might be negatively impacted as extra-welfarist
measures cannot capture non-health dimensions in the decision (10). Furthermore, it is not
always clear how to allocate scarce resources using an extra-welfarism perspective (e.g. if a

new intervention is more effictive but more costly).

3.3 Quality Adjusted Life Years

The QALY was developed to capture the impact of interventions on both quality and quantity
of life, and acts as a common measure which can inform healthcare allocation decisions (12).
QALYs are calculated by multiplying the length of time spent in a health state by a numerical
weighting, called a utility, corresponding to the quality of life of the health state measured on
a 0 to 1 scale, where a weight of 0 is equivalent to being dead and 1 in perfect health. The
benefits of a health intervention are then measured as the “difference over a period of time

between expected QALYs with a particular procedure and without it (or with an alternative)”
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((129): p.52). For example, in the decision between hormone treatment for early breast
cancer, suppose taking standard treatment (tamoxifen) requires a quality adjustment value of
0.8 and the alternative (anastrozole) is 0.9. A ten-year period of living with treatment is
therefore equivalent to 8 QALY's on tamoxifen and 9 QALY's on anastrozole, yielding 1

QALY in favour of the latter (or 1 year in perfect health).

The use of the QALY as a measure of health benefit is recommended by NICE to enable a
standardised approach for comparing economic evaluations across different areas of health
(131). Indeed, QALYs are especially important in the assessment of oncological health
services where quality of life may have a more meaningful impact than quantity of life (132).
However, further to concerns about using health alone in the evaluative space, Dolan and
Tsuchiya (133) argue that it is unlikely that the value of health states will remain constant
over time in the assessment of benefit. The QALY has also faced similar issues of equity as
observed in welfarism. Whilst its impartiality may be fair in principle (i.e. a gain in QALY
is held equal regardless of who benefits from them), it impedes moral claims based on need

for healthcare and level of deprivation (134).

Nonetheless, QALY are used widely in the valuation of breast cancer screening and
treatment programmes (135, 136). Possible methods for eliciting utilities and QALY are

discussed next.

3.4 Utility
Utilities are cardinal values assigned to each health state on a scale anchored from 0 to 1
equivalent to being dead and in perfect health (4). Values less than 0 indicate a state of health

deemed worse than being dead. Utilities are integral to the QALY and therefore also integral
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in how benefits and harms are captured in the valuation of health. In this sense, ‘utility’ refers
to the preferences individuals (or society) may have for any set of health outcomes in terms

of health-related quality of life (HRQoL) (14).

The measurement of utilities involves first defining a set of health states and then valuing
them (137). Valuation may be derived directly or indirectly. The three most common
methods of valuing health states directly are the visual analogue scale, time trade-off and
standard gamble (16). Other variants such as the person trade-off (PTO) are more relevant to
social choice contexts than preference elicitation and were therefore unsuitable in view of the

objectives of this thesis.

3.5 Direct Methods

3.5.1 Visual analogue scale

The visual analogue scale (VAS) is the simplest of the direct methods (138). It requires
individuals to rate health states on a scale conventionally represented by a single thermometer
type line, with clearly defined anchors representing dead and perfect health or worst and best
imaginable health respectively (6). Individuals are asked to indicate where on the scale they
consider the health states being valued should lie, such that the intervals between placements
reflect the perceived differences in how good or bad the health states are perceived. An

example of the VAS is shown in Figure 3.1.

Due to its simplicity, the VAS has a high completion rate and represents the most feasible of
the health state valuation techniques (139). However, values are elicited in a choiceless
context and thus do not require individuals to make trade-offs between preferences (140).

Consequently, many have argued that the VAS does not technically elicit utilities per se
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(141). The VAS is also subject to scaling biases, whereby individuals may be reluctant to

place health states at the extreme ends of the scale (142).

The best health you
can imagine

100
e We would like to know how good or bad your health is TODAY.

95
e This scale is numbered from 0 to 100.
90

¢ 100 means the best health you can imagine.

0 means the worst health you can imagine. 8

30
e Mark an X on the scale to indicate how your health is TODAY.

75
e Now, please write the number you marked on the scale in the box below.
70
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The worst health
you can imagine

Figure 3.1: An example of a VAS (sourced from: (143))
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3.5.2 Time trade-off

The time trade-off (TTO) asks individuals to consider the relative amount of time they are
willing to sacrifice to avoid a certain worse health state (16). Individuals are offered two
certain alternatives (Figure 3.2): Option 1 to live in health state H for time t followed by
death, or Option 2, to live in perfect health for a shorter time (x<t) followed by death. Time x
is varied until the individual is indifferent between the two alternatives, at which point the
required utility for state H is given by: Uy = x/t. For health states deemed worse than dead,
the trade-off is rearranged so that the first option is to die immediately, and the alternative is

the amount of time spent in the worse health state followed by full health (6).

VALUE
Perfect Option 2
health
Option 1
State H Un
Dead

X t TIME

Figure 3.2: An illustration of the TTO for chronic health states better than being dead

The TTO was designed to overcome the issues of explaining probability and is viewed as a
reliable and practical alternative to other direct choice-based methods (e.g. standard gamble).
It has demonstrated good consistency in the literature (139), including health state valuation
among women with invasive breast cancer (144). However, the applicability of the TTO in

the context of medical decision-making has been criticised because the technique requires
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individuals to choose between two certain outcomes, when health itself is characterised by
uncertainty (145). The underlying assumption that individuals are prepared to trade-off life
years to improve health may not be met either, if the condition being valued is less severe or
amenable to time preferences (146). Indeed, some individuals may prefer to experience ill
health immediately to eliminate anxiety, e.g. those with a positive family history of the
BRCA gene may opt for prophylactic bilateral mastectomy to reduce the risk of developing

breast cancer (147).

3.5.3 Standard gamble

Standard gamble (SG) uses notions of risk and uncertainty (as probability) to elicit utility (6).
In contrast to the TTO, the individual is presented with a choice between the certainty of
remaining in the health state (H) for t years (Figure 3.3), or the uncertainty of a hypothetical
treatment with two possible outcomes, one of which is better and the other worse (e.g. perfect
health and immediate death). The probability of perfect health (P) is varied until the
individual is indifferent between the certainty and the gamble, corresponding to utility for the
health state, where Un = P. The more severe the health state, the greater the risk of being
dead the individual is likely to accept (4). For health states worse than dead the gamble is
adjusted so that the certainty of being immediately dead is traded against a gamble between

full health and the worst health state, i.e. Uy = -P/(1-P).

The standard gamble is advocated on grounds that almost all healthcare decisions involve
conditions of uncertainty (140, 145). In developing Expected Utility Theory (EUT), von
Neumann and Morgenstern (117) suggested that preferences are defined over a domain of
lotteries, whereby if a cardinal utility could be expressed as equivalent to a gamble, the level

of risk in the gamble is also linear to utility. Individuals will then choose between prospects
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in such a way to maximise their expected utility. Consequently, the standard gamble is
regarded by many as the ‘gold standard’ for health state valuation given its groundings in the
axioms of expected utility theory. (16) SG utilities have been adopted in the valuation of

breast cancer treatment (148) and in informing indirect health utility instruments (149).

<] Perfect health
Option 1 P

{] Dead

1-P
Option 2

{'] State H

Figure 3.3: An illustration of the SG for a chronic health state better than being dead

However, Richardson (150) argues that the standard gamble only holds if the axioms of EUT
are upheld, yet there is evidence that people may not always act rationally in decisions around
healthcare. Understanding of probability is cognitively demanding (151), and the utilities
elicited by the SG may be contaminated by risk attitude, gambling effects and loss aversion

(150, 152).

3.6 Indirect methods

Utilities cannot be derived for every possible health state. Consequently, generic preference-
based measures, known as multi-attribute utility instruments (MAUISs), are used to inform
economic evaluation indirectly (6). MAUIs have two components; a classification system for
describing health states and a scoring algorithm (tariffs or value set) assigned to alternative

characteristics of health.
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Multi-attribute utility instruments are increasingly being applied in the evidence informing
healthcare decisions (153). In the UK, NICE recommends the use of generic descriptive
systems, specifically the EQ-5D, to achieve a level of consistency when comparing different
healthcare conditions and populations (8). Indirect methods are based on a generic
classification system describing a broad range of health dimensions (e.g. physical
functioning, pain etc.), where each dimension has a specified number of levels of severity (4).
A health state is thus composed of one level in each dimension of health. Value sets are
generated for each possible health state using an algorithm that assigns a score to each level
in each dimension based on general population values (TTO, SG). Patients then complete the

questionnaire and the appropriate tariff from the public scoring algorithm is applied (14).

A range of generic MAUISs are available for application in economic evaluation, each varying
in the descriptive system and valuation method informing the design. The most widely
reported MAUIs in the literature are the EQ-5D, SF-6D, HUI3 and AQoL (Table 3.1). This is
by no means an extensive list (many more descriptive systems exist), but rather these
instruments are briefly examined to highlight the strengths and limitations of indirect

measures in valuing health benefits and harms.

3.6.1 EQ-5D

The most widely used MAUTI is the EQ-5D (154). The questionnaire describes five
dimensions of health: mobility, self-care, usual activities, pain/discomfort and
anxiety/depression, with three (3L) or five (5L) level instruments in press, ranging from no
problem to extreme problems or unable to (143, 155). An example of the EQ-5D-5L

instrument is provided in Figure 3.4. Preferences for the scoring algorithm were developed
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using the TTO on a random sample of the UK general population, but the instrument has

since been extended worldwide to reflect other population scoring norms (156).

Table 3.1: A comparison of generic multi-attribute utility instruments

Dimension Recall Utilities | Scoring
Instrument period
EQ-5D 1. Mobility Health TTO Each item rated on a 3 or
(UK) 2. Self-care today 5-point scale:
3. Usual activities 3L:
4. Pain/ Discomfort 1. No problems
5. Anxiety/Depression 2. Some/Moderate
problems
3. Unable to/Extreme
problems
5L
1. No problems
2. Slight problems
3. Moderate problems
4. Severe problems
5. Unable
SF-6D 1. Physical functioning | Mapped SG Each item rated on a 4-6
(UK) 2. Role limitations from SF-36 point scale
3. Social functioning (4 weeks)
4. Pain
5. Mental health
6. Vitality
HUI3 1. Vision Current or | VAS Each item rated on a 4-5
(Canada) 2. Hearing usual mapped | point scale
3. Speech health onto SG
4. Ambulation
5. Dexterity
6. Emotion
7. Cognition
8. Pain
AQoL 1. Independent living Past week | TTO Each item rated on a 4-6
(Australia) | 2. Happiness point scale
3. Mental health
4. Coping
5. Relationships
6. Self-worth
7. Pain
8. Senses
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Under each heading, please tick the ONE box that best describes your health TODAY.
MOBILITY

I have no problems in walking about

| have slight problems in walking about

| have moderate problems in walking about
| have severe problems in walking about

| am unable to walk about

opooo0o

SELF-CARE
I have no problems washing or dressing myself

I have slight problems washing or dressing myself
| have moderate problems washing or dressing myself

I have severe problems washing or dressing myself

opooo0o

| am unable to wash or dress myself

USUAL ACTIVITIES (e.g. work, study, housework, family or
leisure activities)
I have no problems doing my usual activities

I have slight problems doing my usual activities
| have moderate problems doing my usual activities

| have severe problems doing my usual activities

opooo0o

| am unable to do my usual activities

PAIN / DISCOMFORT
I have no pain or discomfort

I have slight pain or discomfort
I have moderate pain or discomfort

| have severe pain or discomfort

ocooo0o

I have extreme pain or discomfort

ANXIETY / DEPRESSION
I am not anxious or depressed

| am slightly anxious or depressed
| am moderately anxious or depressed
| am severely anxious or depressed

| am extremely anxious or depressed

pooodo

Figure 3.4: EQ-5D-5L descriptive system
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The EQ-5D is preferred for its “comparability, transparency and consistency... in informing
resource allocation in healthcare.” ((137): p.62). However, the EQ-5D may lack sensitivity
in milder conditions or those where only minor changes in quality of life are observed from
an intervention (157). Whist the SL version was introduced to address concerns around this
‘ceiling effect’” (SL allows for 3125 possible health states versus 243 in 3L), it does not cover
all relevant dimensions of health (e.g. hearing, vision) or non-health related benefit (e.g. well-

being or capability) (158).

3.6.2 SF-6D

The SF-6D is a preference-based instrument developed from a non-preference based measure
(Short Form-36) (159). It was developed in part due to the widespread use of the SF-36 in
clinical trials, and subsequent demand to convert quality of life data into utilities for use in
economic evaluation (159). The SF-6D consists of a descriptive system with six dimensions
of health: physical functioning, role limitations, social functioning, pain, mental health,
vitality, each with 4-6 levels of scoring severity (= 18,000 health states). The scoring
algorithm was developed by obtaining weights using SG on a random sample of the UK
general population (n =836) mapped against SF-36 data (160). The SF-6D has faced similar
limitations to the EQ-5D relating to insensitivity to certain health domains (161), and the
results are not always congruent with other MAUISs due to the different dimensions of quality

of life captured by the descriptive system and valuation method (SG vs TTO).

3.6.3 HUI
Health utilities index (HUI) is a generic descriptive system used to measure general health
status and HRQoL. It consists of two systems (HUI2 and HUI3) developed from the VAS and

SG in the Canadian general population (149). The HUI3 is used to indirectly value utility in
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adults and has eight health dimensions: vision, hearing, speech, ambulation, dexterity,
emotion, cognition and pain, each with 5-6 levels of severity (= 972,000 possible health
states). The HUI3 is sensitive to a wider range of conditions due to the broader dimensions of
health covered but takes significantly longer to complete and has limited application in those

with multimorbidity (162).

3.6.4 AQoL

The Assessment of Quality of Life (AQoL) instrument was developed in Melbourne,
Australia to address the limitations of other descriptive systems to certain health dimensions
(163). Four versions are available to date, ranging from four to eight dimensions of health.
The AQoL-8D is the most comprehensive version covering eight health dimensions:
independent living, happiness, mental health, coping, relationships, self-worth, pain and
senses, each with 4-6 levels of severity (164). Scoring uses a multi-placative model for
combining HRQoL dimensions, and tariffs were derived using the TTO from a sample of the
Australian general population (165). Whilst the AQoL has demonstrated good convergence
with other MAUIS, it is less widely used due to the limited generalisability of the Australian

scoring tariff and longer completion time required.

3.7 Condition-specific measures

Condition-specific quality of life instruments (e.g. EORTC-QLQ-C30 in cancer patients)
provide additional information about the impact of treatment in relevant dimensions to the
condition under study (166). Where MAUISs are unresponsive to changes in utility or where
data on utility is not included in clinical trials, condition-specific measures may be used to
crosswalk results onto preference-based instruments, such as the EQ-5D, to calculate QALY's

(167, 168). Mapping involves estimating the relationship between the condition-specific
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measure and a generic multi-attribute utility instrument using statistical regression (4).
However, in practice few condition-specific measures are anchored appropriately to be used
to generate QALY's or do not use a choice based method which incorporates preferences (i.e.
SG, TTO). The relationship between condition-specific and generic utility instruments has
also demonstrated mixed results; Gerard et al. (169) found substantial differences between
preference-based and condition-specific health state values for breast cancer screening health

states using mapping.

3.8 Whose values?

The choice of whose values to elicit is as important as the method used to derive them. Much
of the debate concerns whether the preferences of patients or the general public ought to be
considered in informing healthcare decisions (6). Yet the distinction between the two groups
is not dichotomous; the general population will inevitably contain patients and many healthy
people will experience poor health during their lifetime (170). However, the decision is an
important one and may change the decision on how healthcare is allocated; different groups

report distinctly different utilities and cost-effectiveness results (171).

The main argument in favour of patient preferences rests on the premise that those receiving
healthcare are best placed to value the impact of healthcare (172). Welfare economics implies
that “it is the preferences of the gainers and losers from a public programme that should be
elicited and not [the] general population who will be unaffected by the change.” ((15):
p.204). Thus, a normative approach suggests that resource decisions should reflect the
preferences of those likely affected by the decision, and therefore patients are likely the best
judges of their own well-being (173). Yet patients typically report higher values than the

public for ill health (and hence fewer QALY's from smaller incremental gains in utility)
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because of adaptation to the condition, differences in health state perception or response

shifts in the expectation of good health (172).

It could be argued however that patients do not represent all those likely to be affected by a
resource allocation decision. Decision makers advocate the use of general population
preferences in a publicly funded healthcare system (8), as all individuals may be gainers and
losers and thus have no vested interest or bias in the decision. However, the general
population may have little or no experience of poor health and if inadequately informed may
not give truly representative values of the condition being assessed (174). Members of the
public may not want to be involved in healthcare decision making and may prefer that the

values of those experiencing ill health be used (175).

A limited number of studies have applied a third perspective to address these concerns,
whereby expert utilities are used as proxies in the health decision setting (148, 176). Health
professionals are likely to be the most knowledgeable about ill health and therefore make
good surrogates for public and patient preferences (177). Nonetheless, there is potential for
clinician bias toward a certain intervention or a tendency to focus on attributes unimportant to

those receiving the intervention (6).

Whilst there is no consensus on whose values should be used to inform resource allocation,

there is at least agreement that patient representatives and experts should be involved in

assisting social decision-making alongside the general population (15).

56



3.9 Application of health outcome measures

The focus of this chapter so far has been on the economic approach and the population used
to value utility. Yet the primary purpose of collecting utilities is to use them in an economic
evaluation to inform resource allocation decisions (6). Such data can be used in randomised
controlled trials to determine whether an intervention produces greater gains in quality of life
or losses from adverse side-effects, or applied in decision analytic modelling to improve the

current standard of clinical practice (178).

For a meaningful comparison of costs and consequences it is necessary to estimate the cost
per additional unit effect associated with one intervention over another (e.g. new versus
standard treatment) (4). Conventionally, costs and benefits associated with competing
interventions are compared as an incremental cost-effectiveness ratio (ICER), i.e. the extra
cost of an intervention for a given condition over the next best alternative divided by benefit

gained (179).

For example, if a decision is to be made between options A and B, the ICER is calculated by

dividing the difference in costs and effects of both options, as:

ICER = Cost 4 — Cost p/ Effect 4 — Effect 3 = A Cost/A Effect

If one programme costs less and produces more benefits, it is unequivocally considered cost-

effective (i.e. it is dominant). More commonly, new interventions generate QALY gains at

an additional cost, but may still be considered cost-effective if society is willing to pay for it

(8).
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In economic evaluation, the ICER is usually represented using the cost-effectiveness plane, a

graphical representation of the decision in terms of incremental costs and benefits (180). The

plane is divided into four quadrants indicating four possible conclusions following the

comparison of the interventions (Figure 3.5). The x-axis represents incremental effects of the

new intervention in relation to comparator and the y-axis the incremental costs.

NW

Existing treatment
dominates

Incremental cost
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costly but more effective

Incremental effect
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Figure 3.5: Cost-effectiveness plane
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There are four possible outcomes from an economic evaluation (180). First, the new

intervention may be less costly and more effective than the comparator (south-east quadrant)

and 1s said to be dominant, i.e. the intervention should be implemented. Second, the new

intervention may be less effective and more costly (north-west quadrant) in which case it is



dominated, i.e. the intervention should be rejected. Third, the intervention may yield more
benefits at a higher cost (north-east quadrant) or fourth, the intervention may lower
expenditure at the detriment of fewer benefits (south-west quadrant), whereby either decision

implies a trade-off between the costs and benefits accrued.

Ultimately, the decision on what policy makers are willing to pay for an additional gain in
health is dependent on the societal willingness to pay threshold (dashed line). In the UK, this
is stipulated by NICE at £20,000-30,000 per QALY gained after considering the opportunity
costs forgone (8). Consequently, the way in which health benefits are valued and appraised in
economic evaluation can have a dramatic impact on whether new programmes or services are

implemented in practice.

3.10 Conclusion

This chapter has provided an overview of the approaches used to measure health outcomes in
economic evaluation. The purpose was to set the scene of health state utility valuation and the
theoretical foundations central to the methods applied in the thesis. The main techniques for
valuing health states and utility were summarised in detail, and the potential challenges and
issues underpinning each method were highlighted. The next chapter explores how these
methods have been applied in the economic evaluation of breast cancer screening

programmes to value benefit and harm.
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CHAPTER SUMMARY

What is known?

e Health economics adopts a normative economics approach due to the failure of
health decisions to meet the normal market.
e There exist two frameworks for conducting economic evaluation; welfarism and

extra-welfarism.

e Extra-welfarism assesses outcomes in terms of health gains, with the most commonly

adopted outcome being the cost per QALY.

e Utilities are cardinal measures of quality of life measured on a scale from 0 to 1,

equivalent to being dead and being in perfect health.

What this chapter adds

e Utilities may be derived directly or indirectly.

e The commonest approaches are the VAS, TTO and standard gamble (direct) and EQ-
5D, SF-6D, AQoL and HUI (indirect).

e There is no consensus on who is best placed to value health; experts, patients or the
general population. All have been used to value breast cancer health states.

e For a meaningful decision on how best to allocate healthcare resources, incremental

costs and effects (QALYs) must be compared between two or more interventions.
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CHAPTER 4

A systematic review of economic measures used to value health
states in breast cancer screening programmes

4.1 Introduction

This chapter presents a systematic review of economic measures used to value the health
states associated with breast cancer screening programmes. The aim of the review was to
systematically assess if the utilities associated with the sequelae of mammography screening
were adequately captured in economic evaluations. In doing so, the methodological
challenges associated with health state valuation and overdiagnosis are discussed. The
chapter concludes with an appraisal of whether the benefits and risks are adequately reflected
in the utilities informing policy, including a summary of appropriate economic methods and
recommendations for further research. The main findings from the systematic review are also

published in Social Science and Medicine (Appendix 1).

4.2 Background

4.2.1 Economic evaluation and breast cancer screening

Evidence regarding the cost-effectiveness of healthcare technology is increasingly required to
inform the decision on whether to fund and implement new treatment (4). Many decision-
making bodies require interventions to be assessed using cost per quality-adjusted-life-years
(QALYs5) (8), a single summary measure combining life expectancy with utility (12, 181). As
was discussed in Chapter 3, health state utility values (HSUVs) are cardinal measures of
preference rated on a utility scale anchored from dead (0) to perfect health (1). Utilities can
be valued directly or indirectly using expert, patient or public preferences. It is thus important
that the methods used to identify, select and appraise utilities are transparent and systematic
to reduce model bias and the potential misallocation of resources (182).
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Economic evaluations impact health policy decisions and so the methodological quality of the
parameters used to inform such analyses must be robust (183). Whilst a growing wealth of
literature has explored the importance of economic analysis, less attention has been given to
the methods and quality of the evidence used to inform utilities and QALY's (184). Several
criteria are important for the selection of relevant utilities (185). The first relates to the health
states, methods, descriptive system and population used to elicit the utilities. Where utilities
have been measured directly, the validity, reliability and feasibility of the generated values
should also be explicitly considered (169). Second, the duration of impact applied must be
measured appropriately for both temporary and chronic health states associated with the
intervention (58). The third relates to the generalisability of the condition, severity and

population characteristics in the utility study to those in the economic evaluation using them

(8).

The quality of the utilities applied is particularly pertinent in the appraisal of oncological
interventions, where quality of life may have greater influence on QALY's than the modest
gains in life expectancy (136). Many studies have evaluated the cost-effectiveness of breast
cancer screening (186, 187), with those including quality of life in their evaluation reporting
fewer net benefits, yet few have commented on the quality of the utility estimates used to
inform them. When deciding on preferred screening policy it is critical to be able to
accurately value the options available to women of being able to attend routine screening (3).
This means valuing all associated benefits and risks associated with the alternative screening
policy in terms of utility (22). Whilst clinical outcomes relating to breast cancer screening
have been reviewed, an appraisal of how the benefits and risks are reflected in the utilities

informing breast screening policy has not been well researched.
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Screening for breast cancer in women aged 50 to 74 is recommended because of the ability to
capture disease earlier and reduce treatment intensity and disease mortality (33, 188).
Decision makers must value the risk that screening would lead to a woman having necessary
(and perhaps less intense) treatment at an earlier stage than she would have otherwise had,
against the risk of the woman having an unnecessary diagnosis and treatment (45). This
valuation is made even more challenging because there is limited evidence on the rate of
progression for many breast tumour types (27). If policy makers are to interpret cost-
effectiveness analyses of mammography screening and balance the benefits and harms of
such interventions appropriately, the utilities used in such evaluations must reflect the health
states and impact on those experiencing the sequelae, including overdiagnosis and
overtreatment (3). It is unclear how such utilities have been captured and conceptualised

within the economic literature.

4.2.2 The challenges associated with valuing health states for mammography screening
There are several specific challenges relating to the identification and valuation of utilities for
use in the economic evaluation of breast cancer screening programmes. A summary of the

major issues is illustrated in Figure 4.1.

First, the natural history of breast cancer is poorly understood (24, 28). Not all valuation
methods for deriving utility may account for the uncertainty in disease progression in the

valuation process (189).

Second, overdiagnosis and overtreatment from screening create a “paradoxical popularity”
because individual women may value unnecessary treatment inappropriately if screening and

intervention for benign disease is misconstrued as life-saving (31). Qualitative evidence
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suggests that both population and patient understanding of overdiagnosis is poor (65), with
most perceiving the prognosis of pre-cancerous disease equal to that of an invasive breast

cancer (190).
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Figure 4.1: Overview of the challenges of health state valuation in breast cancer screening

Third, the sequelae associated with breast screening last for different durations (176). The
long-term implications of a mastectomy are permanent (191), but the anxiety or reassurance
associated with mammography screening or diagnostic investigation may only be temporary
(192). Temporary health states require modification of conventional valuation methodology
and economic evaluations must consider how both temporary and chronic health states are

valued simultaneously within a single model (193).

Fourth, it is unclear whose preferences would be best placed to assess the benefits and harms
of breast screening (194). The National Institute for Health and Care Excellence advocate the
use of general population preferences in a publicly funded healthcare system, (8) yet given

the complexity involved in valuing screening it may be difficult for the lay individual to
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quantify using conventional utility instruments. The preferences and disease characteristics of
individual women and breast cancers also vary significantly by demographic (195) and so the
generalisability of the population in the primary and economic studies may influence the
generated QALY (196). Such challenges may impact utility instruments, therefore an
assessment of the methodology used to overcome these issues is critical in the appraisal of

appropriate utilities.

It is important to determine whether the utilities applied in economic analyses have addressed
the issues highlighted and are thus able to truly capture the benefits and harms associated

with the sequelae of mammography.

4.2.3 Rationale for the review

Systemic reviews are a widely practiced methodology for gaining a thorough understanding
of the literature and are generally top of the hierarchical evidence for informing research and
policy (8). They apply robust, replicable and extensive search strategies to produce a
summary of the evidence relevant to a specified question of research interest. The use of
systematic reviews and meta-analyses is well documented in the breast cancer literature. For
example, the UK Independent Panel (3), Cochrane (20) and US Task Force (33) reviews
applied a synthesis of clinical mortality data to inform the debate on the benefits and harms of

mammography, but there have been fewer inquiries in relation to economic outcomes.

Published systematic reviews of economic evaluations relevant to mammography (59, 186,

197) have focused on the modelling approach, costs, population or screening intervention

rather than the measures of quality of life. Similarly, whilst the clinical outcomes relating to
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breast cancer screening have been reviewed, an appraisal of how these benefits and risks are

reflected in the economic measures informing policy has not yet been researched.

Peasgood et al. (135) conducted a meta-analysis of health state utility values in breast cancer
but could only identify six studies valuing the utility of mammography screening. Although
their review was comprehensive, the authors did not consider the methods used or whether
the disutility of overdiagnosis had been included. It was therefore necessary to conduct a new
systematic review to explore the quality of breast screening utilities and identify areas of

uncertainty or missing data in the evidence informing cost-effectiveness.

4.3 Aim and objectives of the review

The aim of this review was to explore how health states and utilities have been
conceptualised and valued in the economic evaluation of breast cancer screening
programmes. Primary studies that had measured utilities for relevant health states were also

evaluated to examine the quality of the evidence informing economic evaluations.

The objectives of this study were to:

e Critically appraise and assess how economic evaluations have captured the health
states and utilities associated with mammography screening.

e Examine the quality of the utilities used in economic evaluation or derived in primary
studies to determine whether the sequelae of breast cancer screening have been

valued appropriately.
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4.4 Methods
The review followed the UK Centre for Review and Dissemination (198) guidelines and

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (199).

4.4.1 Scoping search

A scoping search was undertaken to identify the most efficient search strategy of potentially
relevant studies whilst minimising the number of irrelevant hits. The initial scoping search
was developed by adapting the terms applied in systematic reviews of breast screening
programmes (20, 135) to include terms relevant to the valuation of utility. Initially, no
limitations were placed on the scoping search criteria. However, this yielded an
unmanageable number of hits (>12,000 studies). An iterative process was used to restrict the
number of irrelevant articles by removing terms which reproduced the same results (e.g. “cost
effectiveness analysis” and “cost utility analysis’) and the addition of strict exclusion criteria

such as English language and full text limits.

4.4.2 Final search strategy

The full search strategy was developed from the scoping criteria using the terms published in
other systematic reviews of breast cancer screening programmes (3, 135) and Cochrane
review guidelines (198). Both Medical Subject Heading and keyword searches were used
relating to the term ‘mammography’, ‘breast cancer’, ‘screening’, ‘overdiagnosis’, ‘economic
evaluation’ and ‘utility’, with truncation used where appropriate (see Appendix 2). There was
no restriction placed on publication year to ensure all relevant studies to date were included

in the review.
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Eleven electronic databases were searched for studies published up to 1 September 2018:
MEDLINE, EMBASE, PsycInfo, CINAHL, Econlit, Social Citation Index, Social Sciences
Citation Index, Cochrane library, NHS Economic Evaluation Database, Database of Abstracts
of Reviews and Effects, and Health Technology Assessment. The reference lists of relevant
studies were also hand-searched to identify any further relevant studies for potential

inclusion.

4.4.3 Eligibility criteria
The systematic review included studies published in English whereby utilities were either
used or elicited for health states relating to mammography screening. Studies were included if

they met the following criteria:

e Participants: Adult women in the general population at risk of breast cancer

e Intervention: Population mammography screening (for economic evaluations) or
breast cancer screening and its sequelae (primary studies)

o Comparator: No screening

e Qutcomes: Cost per QALY (for economic evaluations) and utility values (primary

studies)

Studies were excluded if they were:
e Reviews, editorials or abstracts
e Interventions to improve screening participation
e Evaluations of breast screening programmes using technologies other than
mammography (e.g. magnetic resonance imaging) that are not routinely used to

screen the general population
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4.4.4 Study selection

A two-stage process (200) was used to identify relevant studies for inclusion in the final
review. In the first stage, the title and abstract of retrieved studies were checked against the
specified eligibility criteria. Relevant studies or those where a decision could not be made
based on the title and abstract proceeded to the second stage. In stage two, the full text was
assessed for relevance and the reference lists of key articles were hand-searched to identify
other potentially relevant studies. Studies citing or reporting utilities which met the required
eligibility criteria were included in the final review. A second reviewer screened and checked
a sub-sample of studies (10%) to negate any selection bias (201). Information retrieved by the

database search was managed via Endnote referencing software version X7 (202).

4.4.5 Data extraction and analysis

An electronic template was used to extract data on the characteristics of the included studies.
For each included study, one reviewer extracted data about the study characteristics, the
health states and utilities reported and the methodology, population, instruments and duration
for which utilities were applied. The data were tabulated and analysed by narrative
description as the retrieved utilities were too heterogeneous to usefully combine in a meta-

analysis.

4.4.6 Quality assessment

A formal quality appraisal was not performed as there is no agreed quality assessment
checklist for assessing studies of utility (183). However, the methods suggested by Brazier
(194) and Papaioannou (183) for the systematic identification, selection and assessment of
utilities from the literature were used to assess the validity, reliability and robustness of the

identified utilities to inform the narrative review (189, 203).
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4.5 Results

4.5.1 Main findings from the review

The database search retrieved 9,447 studies, of which 3,562 were removed as duplicates. A

further 3 studies were identified through hand-searching the reference lists of relevant

studies. A flow diagram of the studies selected or excluded at each stage, with reasons, is

provided in Figure 4.2. Data were extracted for the 50 relevant studies included in the

narrative review: 40 economic evaluations using cost per QALY's and 10 primary studies that

measured utilities for health states associated with mammography screening.

Studies identified through database

Additional studies identified

searching through other sources
(n=9,447) (n=23)
‘, l
Studies after duplicates Studies excluded as
removed (n = 3,888) | duplicates (n = 3,562)

Stage I: Studies screened
(n=5,888)

Studies excluded based on
title & abstract (n =5,733)

\4

Stage II: Full-text articles
assessed for eligibility +—»
(n=155)

\4

Studies included in the
final review (n =50)

- 40 economic evaluations
- 10 primary studies with

Full-text articles excluded
(n=105):

Abstract only: (n =22)

No HSUVs: (n =49)
Review: (n = 14)

No screening HSUV: (n=1)
BSP using other
technology: (n = 15)
Methodology study: (n = 3)
Foreign language: (n = 1)

health state utility values

Figure 4.2: A PRISMA flow chart of studies included and excluded at each stage
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4.5.2 Economic evaluations using cost per QALY

Table 4.1 summarises the characteristics of the 40 economic evaluations using QALY's
in their analysis of breast screening programmes. Most evaluated alternative breast
screening strategies (19, 52, 204-223), although five studies (224-228) only presented
results using cost per QALY in the sensitivity analysis because of the uncertainty
around published utilities for mammography. Seven studies (55, 60, 224, 226, 228-230)
explored the cost-effectiveness of screening elderly women, whereas two studies (231,
232) evaluated extending the lower age limit of screening. Four studies (26, 227, 233,
234) assessed the benefits of risk stratified mammography screening and one study
(235) appraised opportunistic versus organised mammography screening. The
remaining three studies (31, 57, 236) evaluated the benefits and harms of breast cancer

screening but reported QALY's without costs in their main analysis.

The utilities associated with breast cancer screening are difficult to compare because
each study made different assumptions about the value used, the duration over which
they were applied and the sequelae included in each of the health states. The values used
for screening varied significantly (0.100-0.994) and were applied for a duration of
between 2 hours and 7 days. There were similar issues with heterogeneity between
utilities for diagnosis (0.100-0.895) and treatment (0.100-0.990). Utilities were applied
for between 5 days and 6 months for a positive mammogram and a duration of one
month to the rest of the woman’s life for treatment depending on classification by
intervention or disease stage. The duration of utilities or disutilities when applied in

economic models can be a key driver in influencing results using QALY's (237), yet few
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studies justified the duration enforced (31, 233, 234) or considered whether the utilities

for temporary health states had used an appropriate chaining adaptation (238).

Figure 4.3 illustrates the range of utilities listed for the health states included in the
review in more detail, where values were provided within the text. The spread of points
within in each theme is reflective of the heterogeneity in the methods and populations
used to derive them and therefore values could not be appropriately pooled into a single
point estimate for each health state. Estimates ranged widely between individual
processes in the pathway: 0.800-1.000 for screening attendance, 0.100-0.940 for
screening results, 0.100-0.895 for diagnostic follow-up, 0.100-0.990 for treatment
related health states (dependent on whether this was valued by in situ or invasive

staging or intervention).
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Figure 4.3: A spread of the utilities for each health state listed in the review
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Most economic evaluations used the same two sources (176, 218) for their utilities,
although there was variation in the actual value used and the generalisability of the
population for which they were applied. The first of these sources by Stout et al. (218)
applied tariffs based on assumptions for screening, diagnosis and treatment of breast
cancer by stage at diagnosis to adjust US healthy population EQ-5D estimates (239).
Although the generated utilities were deemed consistent with those reported in other
studies (136, 240), it is not clear how the assumed adjustment for each health state was
determined, and yet nine economic evaluations (31, 57, 205, 207, 219-221, 232, 236)
applied this method. For screening disutility, almost half of the economic evaluations
(31, 55, 206, 209, 211, 213, 215, 216, 219, 221, 222, 224, 229, 232, 236) used expert
VAS utilities derived from a second study in the Netherlands (176), but only three
economic evaluations (55, 209, 211) considered the generalisability of the expert
sample to the general population in the model to which this was applied. Other
economic evaluations made their own adjustments to local population EQ-5D or SF-6D
data (26, 52, 205, 207, 208, 225, 234) or used utilities elicited directly (VAS, TTO, SG)
from samples of women with comparable demographics to try and improve the
relevance of the applied utilities to the population in their economic model (19, 55,
231). The remaining evaluations cited utilities from another economic model (210,
223), systematic review (204) or made their own assumption of an appropriate value

(214, 226-228) but did not provide a detailed critique of how these were derived.

Sensitivity analyses were used to analyse the uncertainty around utilities in the majority

of the 40 economic evaluations, with at least half reporting quality of life as having a

significant effect on cost-effectiveness results. However, not all economic evaluations
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included all relevant phases of the mammography screening pathway in their analysis
and therefore implicitly assumed they had no impact on quality of life. 22 studies (19,
26,31, 52, 60, 204, 205, 210, 212-215, 220, 223-225, 227, 228, 231, 233, 234) did not
integrate the potential reassurance or disutility of screening anxiety and diagnostic
follow-up in their analyses and a further 27 did not explicitly capture the disutility
relating to the risk of overdiagnosis (19, 31, 52, 55, 60, 204, 206, 207, 209-215, 217,
218, 220, 223-227, 229-231). Consequently, no utility loss was applied to reflect this
uncertainty in more than half of the economic evaluations, which may bias results
(QALYs) toward more frequent screening (19, 31, 52, 207, 211). This limitation was
justified in five studies due to the lack of robust utilities for mammography screening.
For the 13 studies (26, 57, 205, 208, 216, 219, 221, 222, 232-236) which did attempt to
value overdiagnosis in their analysis, an assumption was made that this was captured in
the QALY across screening strategies by including the temporary disutility of
diagnosis and treatment without a corresponding gain in life years. However, the
utilities applied used sources which had not highlighted that there was a risk the
treatment was unnecessary during the valuation process and therefore is unlikely to

fully capture the impact of the risk of overdiagnosis on quality of life.
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Table 4.1: Characteristics of the economic evaluations (n = 40)

Lead Study objective Country; Population; Health states included Method used by Information presented about HSUVs HSUVs in study Duration Cited
Author Study type cited HSUVs sources
for
HSUVs
Ahern Assess the cost-effectiveness of USA; Women aged 40- Treatment (intervention) VAS Utilities from another model and systematic 0.590-1.000 6 months, 1 (136, 241)
(204) mammography screening and breast | 79; 10 MM strategies (1- review (expert VAS transformed to SG using year, lifelong
examination 2y +/- CBE); MSM SG=1-(1-VAS)*?
Arrospide Retrospective economic evaluation Spain; Women aged 50- Diagnosis EQ-5D Applied assumptions from another model: tariff | 0.338-0.824 1 year/ life (218)
(205) of Basque BSP 69; 2y MM, MSM Treatment (disease stage) | assumption for the disutility of breast cancer applied to expectancy
healthy population EQ-5D data (Spain).
Barratt (55) Assess the cost-effectiveness of Australia; Women aged Screening VAS Extrapolated the QALY's from another model 0.288-0.994 Unclear (176, 229)
extending BSP for women over 70 over 70, 2y MM, MSM Diagnosis which used expert VAS (systematic review).
Treatment (intervention)
Beemsterboer Economic evaluation of different Germany; Women aged Screening VAS Expert VAS utilities and durations 0.288-0.994 1 week-lifelong (176)
(206) screening strategies in Germany 50-69, 2y MM, MSM Diagnosis (transformed to TTO)
Treatment (intervention)
Boer Economic evaluation of extending Netherlands; Women Screening VAS Expert VAS utilities and durations 0.288-0.994 1 week-lifelong (176)
(229) the upper age limit of BSP aged 50-69 and >70; 2y Diagnosis (transformed to TTO)
MM; MSM Treatment (intervention)
Carles Economic evaluation of breast Spain; Women aged 50- Screening EQ-5D Used the assumptions for duration and loss 0.657-0.994 7 days-lifelong (218)
(207) screening strategies in Catalonia 79; 1-2y MM, Diagnosis assumption from healthy population EQ-5D in another
Probabilistic model Treatment (disease stage) model (US)
Christensen Evaluate the cost-effectiveness of Greenland; Women aged Screening Systematic Population QoL (Greenland) adjusted using 0.480-0.810 6 months (135)
(208) mammography screening in 50-69; 2y MM; CEA Diagnosis review, values from a systematic review. Methods not
Greenland. Treatment (intervention) assumption reported.
De Gelder Economic evaluation of Switzerland; Women Screening VAS Expert VAS utilities and durations 0.288-0.994 1 week- lifelong (176, 209)
(235) opportunistic and organised aged 50-69; 2y MM, Diagnosis (transformed to TTO) used in another model
population mammography MSM Treatment (intervention)
screening
De Koning Evaluate the cost-effectiveness of Netherlands; Women Screening VAS HSUVs and durations based on 27 experts 0.289-0.994 1 week-lifelong (176)
(209) different BSP strategies aged 40-75; S variants Diagnosis VAS (transformed to TTO)
1.3-3y MM, MSM Treatment (intervention)
Forrest (19) Cost-effectiveness of implementing UK; Women aged 50-65; Treatment (intervention) Rosser scale Rosser ratio rating scale values used for the 0.920 Lifelong (242)
a national BSP in the UK. 3y MM; CUA disutility of surgery
Haghighat Economic evaluation of Iran; Women aged 40-70, Treatment (disease stage) | Assumption Used the assumptions in another economic 0.300-0.950 Unclear (223)
(210) mammography screening in Iran 3y MM, Markov model model of BSP
Hakama (211) Economic evaluation of Nordic Nordic region; Women Screening VAS Expert VAS utilities and durations 0.288-0.994 1 week-lifelong (176)
breast screening strategies. aged 50-69, CUA Diagnosis (transformed to TTO)

Treatment (intervention)
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IMS Health Economic evaluation of BSP in Australia; strategies for Treatment (disease stage) | VAS Expert VAS ratings, authors adjusted 0.774-0.864 Unclear (209)
(212) Australia women aged 40-79, 2y weighting and duration using local treatment
MM, MSM data
Kerlikowske Economic evaluation of USA; Women aged 65- Treatment (disease stage) | Assumption Authors made assumptions of plausible 0.300-0.900 Lifelong (176, 243)
(224) mammography screening in elderly 79; 2y MM, Markov estimates based on published HSUVs
women. model (TTO/VAS).
Madan (225) Cost-effectiveness of extending the UK; Women 47-49 years; Diagnosis EQ-5D Baseline UK healthy general population EQ- Not reported Unclear (244)
lower age limit of BSP 3y MM; MSM Assumption 5D scores adjusted by assumption in sensitivity
analysis
Mandelblatt Evaluate the cost-effectiveness of USA; Women aged 65-85 Screening Assumption Assumption of plausible HSUVs based on 0.100-0.900 5 days, 30 days,
(226) BSP in elderly women with and years; 1-2y MM; Decision | Diagnosis expert VAS in the literature for similar health life expectance (176)
without comorbid disease model Treatment (disease stage) states
Mandelblatt Economic evaluation of targeted USA; African American Treatment (disease stage) | Assumption Assumption of HSUVs by disease stage, no 0.500-1.000 Unclear No cited
(227) mammography screening in African | women aged >40,; 1-2y description of how values were determined is source
American women MM; MSM provided.
Mandelblatt Evaluate the cost-effectiveness of a USA; Women aged 50+; Treatment (disease stage) | Assumption Assumption of HSUVs by disease stage, no 0.550-0.950 1 year No cited
(228) BSP in older women 2y MM; MSM description of how values were determined is source
provided.
Mandelblatt Partial evaluation of mammography | USA; Women aged 40- Screening EQ-5D Expert VAS values (screening and diagnosis) 0.354-0.856 1 weeks, 5 (176, 218)
(57) strategies considering screening and | 74; 1-2y MM; MSM Diagnosis Assumption, and assumptions from another model weeks, 2 years
treatment advances Treatment (disease stage) VAS (treatment) for US population EQ-5D tariffs
Messecar (60) Economic evaluation of BSP for USA; Women aged 75- Treatment (disease stage) TTO Used general population TTO preferences for 0.260-0.800 Lifelong (245)
older women with and without 85y; 2y MM; Decision treatment
cognitive impairment model
Mittmann Updated cost-effectiveness of BSP Canada; Women aged 40- Screening EQ-5D Expert VAS values (screening and diagnosis) 0.895-0.994 1 week, 5 weeks, (176)
(213) in Canada. 74; 1-3y MM; MSM Diagnosis Assumption, and assumptions from another model 2 years
VAS (treatment) for US population EQ-5D tariffs
Morton (214) Economic analysis of the BSP in UK; Women aged 50-70; Screening Assumption Used QALYSs from another economic model of | Not reported Unclear (31, 225)
the UK 3y MM; CUA Treatment (intervention) the UK BSP
Pashayan (26) Cost-effectiveness or risk-stratified UK; Women aged 50-69; Treatment (intervention) EQ-5D Used adjusted population EQ-5D utilities from Not reported 1 year, lifelong (52, 135,
screening for breast cancer 3y MM (risk); Lifetable Assumption another economic model (systematic review) 246)
Pataky (215) Cost-effectiveness of population Canada; Women aged 40- Diagnosis, Treatment VAS, SG Systematic review (expert and population VAS 0.389-1.000 2 weeks- (136, 176,
BSP by age & frequency 74; 1-2y MM; MSM (disease stage) to SG) lifelong 247, 248)
Pharoah (52) Economic evaluation of the UK; Women aged 50-70; Treatment (intervention) EQ-5D UK general population EQ-5D adjusted by a Not reported Lifelong (135, 246)
National Health Service BSP 3y MM; Lifetable Assumption 0.9 relative reduction
Rafia (230) Cost-effectiveness of extending the UK; Women aged 50-90; Screening EQ-5D Expert VAS, population SG and expert opinion 0.360-0.910 2 hours, 3 (244, 247,
upper age limit of the UK BSP. 3y MM; MSM Diagnosis Assumption used to adjust baseline UK population EQ-5D weeks, 1-3 249)
Treatment (disease stage) | modified by years, lifetime
VAS, SG
Raftery Assess the benefit and harms of the UK; Women aged 50-70; Diagnosis Assumption Systematic review, other models (expert VAS, Not reported 0.2 years- (176, 218)
31) UK BSP (partial evaluation) 3y MM, Lifetable Treatment (intervention) population EQ-5D) Lifelong (135)
Rojnik (216) Economic evaluation of alternative Slovenia; Women aged Screening VAS, SG Expert VAS and SG utilities (oncology nurses), | 0.515-0.994 1 month-lifelong (176)
breast screening strategies in 40-80 years; 1-3y MM; Diagnosis literature review

Slovenia

MSM

Treatment (intervention)
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Salzmann Cost-effectiveness of extending USA; Women aged 40-49 Treatment (disease stage) TTO Australian patient TTO utilities in sensitivity 0.300-0.800 Unclear (243)
(231) mammography screening to women | years and 50-69 years; analysis
aged 40 to 49 years. 1.5-2y MM, Markov
model
Sankatsing Cost-effectiveness of Netherlands; Women Screening EQ-5D, Expert VAS utilities (screening, diagnosis) Unclear 1 week, lifelong (176, 218)
(232) mammography screening before the | aged 40-74 years; 2y Diagnosis Assumption Decrements in US healthy general population
age of 50. MM; MSM Treatment (disease stage) VAS EQ-5D (treatment) from another model.
Schousboe Cost-effectiveness of USA; Women aged 40- Treatment (disease stage) | EQ-5D Swedish breast cancer patient EQ-5D applied 0.620-1.000 5 days- lifelong (250)
(233) mammography screening by risk 79; 1-2y MM, MSM to Swedish general female population EQ-5D
factors.
Souza (217) Economic evaluation of Brazil; Women aged 40- Diagnosis SF-6D Author assumption of plausible estimate for 0.686-0.800 2 months- (251, 252)
implementing a national BSP in 69; 1-2y MM; MSM Treatment (disease stage assumption false positive MM. HSUVs were estimated lifelong
Brazil and intervention) based on patient SF-6D scores (Brazil)
Stout (218) Economic evaluation comparing USA; Women aged 40- Screening EQ-5D Age-sex specific EQ-5D for healthy women 0.354-0.856 1 week- lifelong (218)
alternative screening strategies. 80; 1-5y MM; DESM Diagnosis assumption (US) adjusted for negative effects of breast
Treatment (disease stage) cancer diagnosis and treatment.
Stout (219) Assess the benefit, harms and costs USA; Women aged 40- Screening EQ-5D Population EQ-5D (US) adjusted using 0.354-0.586 1 week-lifelong (176, 218)
of digital mammography screening 74; 1-2y MM; MSM Diagnosis assumption, assumptions from another model. Expert VAS
Treatment (disease stage) VAS utilities included in sensitivity analysis.
Tosteson (220) Evaluate the cost-effectiveness of USA; Women aged > Treatment (disease stage) | EQ-5D Applied the duration and weighting 0.430-0.860 Unclear (218)
digital mammography screening 40;1y MM; MSM assumptions assumptions from another economic model of
BSP to healthy population EQ-5D data (USA)
Trentham- Economic evaluation of tailored USA; Women aged 50- Screening EQ-5D Expert VAS (screening and diagnosis). US Unclear 1 week-lifelong (176, 218)
Dietz (221) mammography screening for 74; 1-3y MM (risk); Diagnosis assumption, VAS population EQ-5D (treatment) adjusted using
women over 50 years MSM Treatment (disease stage) assumptions from another model
Van Luijit Economic evaluation of the Norway; Women aged Screening VAS Expert VAS utilities (transformed to TTO) 0.288-0.994 1 week-lifelong (176)
(2017) (80) Norwegian BSP 50-69; 2y MM; MSM Diagnosis from the literature
Treatment (disease stage)
Van Ravesteyn Assess the benefits and harms of USA; Women aged 50- Screening EQ-5D Expert VAS for (screening and diagnosis). US 0.600-0.994 1 week, 5 weeks, (176, 218)
(236) mammography after age 74 years 94; 2y MM; MSM Diagnosis assumption, population EQ-5D assumptions adopted from 2 years, life
(partial evaluation) Treatment (disease stage) VAS another economic model. expectancy
Vilaprinyo Cost-effectiveness of risk-based Spain; Women aged 40- Diagnosis EQ-5D Patient EQ-5D (Sweden) for treatment 0.655-0.859 2 months-5 years (233, 250)
(234) breast screening strategies for 74; 1-5y MM, Treatment (disease stage) extrapolated using the methods from another
breast cancer Probabilistic model model.
Wong (223) Economic evaluation of biennial China; Women aged 40- Treatment (disease stage) Assumption HSUVs from another economic model (but 0.300-0.950 Lifelong (227)

mammography screening in Hong
Kong.

79; 2y MM, Markov
model

values do not match those cited)

Legend: BSP: breast screening programme, CBE: Clinical breast exam; EQ-5D: Euroqol-5D, HSUV: health state utility value, LYG: life years gained,
MM: mammogram, MSM: microsimulation model, QALY: quality adjusted life year, QoL: quality of life, , TTO: Time trade off, SG: standard gamble,
VAS: visual analogue scale
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4.5.3 Primary empirical studies

Ten primary studies (58, 169, 176, 192, 243, 245, 247, 249, 253, 254) valued utilities
for health states relevant to mammography screening. A summary of the study
characteristics and methodology is shown in Table 4.2. The studies’ aims were diverse
and measured utilities for a range of relevant health states including: screening
attendance and anxiety, mammography result (true positive, false positive, true negative
and false negative), diagnostic investigation of a positive mammogram, treatment of a
screen detected breast cancer, breast cancer recurrence and terminal care. The risk of
overdiagnosis was not valued independently or explicitly captured within the

descriptions of treatment health states in any of the primary studies of breast screening.

4.5.3.1 Methodology

The main method for valuing health states include direct and indirect empirical
measurement or expert opinion (255). Multiple approaches were taken to elicit utilities
for breast screening health states identified by this review, with more than four different
valuation techniques reported within the primary studies. These four primary
approaches included the VAS (256), which was anchored from worst to best imaginable
health, standard gamble which compared the health state against a gamble of dead and
perfect health (257), time trade-off which trades years lived in full health against living
longer in the health state being valued (6) and EQ-5D which asked trial participants to
report their own or hypothetical health on a generic scale and applied general population
tariffs to estimate final utility scores (258). More than one technique was used to value
screening health states in six studies (58, 169, 192, 249, 253, 254), whilst the remainder

used a single technique (176, 243, 245, 247).
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Table 4.2: Characteristics of the 10 primary studies which had elicited health state utility values (HSUVs)

Author; Study aim Participants Health states valued Utility range Duration range Technique Further information methods
Country
Bonomi Obtain QoL values for 131 women sampled from a Screening attendance 0.804 2 hours VAS 14 vignettes via in-person or telephone
USA mammography screening population breast screening Screening result (FP, TN) 0.457-0.891 2 weeks interview.
(247) and breast cancer treatment programme (aged 50-79) Diagnostic mammogram 0.553 2 weeks VAS anchored dead-perfect health
Treatment (intervention) 0.397-0.530 4 months-5 years
Disease free at 1 year 0.768 Lifelong
Recurrence at 1 year 0.330 4 months
Terminal care 0.358 3 months
Chie Utility in different clinical 21 clinical and public health Screening attendance 0.900-1.000 20 years for all VAS, TTO 17 vignettes via face-to-face interview (visual
Taiwan phases of breast cancer. experts Diagnosis 0.700-0.900 SG aids).
(253) Initial treatment (intervention) 0.500-0.800 VAS anchored dead-perfect health.
Post-treatment (intervention) 0.600-0.800
Recurrence at 1 year 0.250-0.300
Terminal care 0.100-0.150
De Haes Elicit utilities for use in an 27 clinical and public health Screening attendance 0.994 1 week VAS 15 vignettes via face-to-face interview.
Netherlands economic model of BSP experts Diagnosis 0.895 5 weeks VAS anchored worst-best imaginable health.
(176) Initial treatment (intervention) 0.717-0.820 2 months-2 years VAS scores transformed to TTO using the
Post-treatment (intervention) 0.844-0.914 10 months formula: TTO=1-(1-VAS) *1.82
Disease free >1 year 0.947-0.960 Lifelong
Terminal care 0.288 1 month
Gerard Explore framing and 180 women from the local Treatment (intervention) of screen 0.150-0.750 10-30 years (age TTO 9 different presentations of two breast cancer
Australia labelling effects on breast general population (aged 45- detected breast cancer with and without dependent) vignettes (varied cancer terminology and
(245) cancer values. 69) breast cancer death pronoun).
Gerard Determine the feasibility of 440 women from the general True negative 0.910-0.940 12 months TTO (chain) | Two-stage chaining used to adjust temporary
UK mapping EQ-5D to TTO for | population eligible for breast False positive 0.210-0.790 EQ-5D health states onto dead-full health scale.
(169) validating breast cancer screening (aged 40-64) True negative 0.480-0.660 Lifelong EQ-5D mapped onto TTO using 3/5
descriptions. False positive 0.450-0.660 dimensions.
Hall Derive utilities for use in an 44 women from the general Treatment (intervention) of a screen 0.270-0.800 10-30 years (age TTO 6 vignettes via face-to-face interview
Australia economic evaluation of BSP | population and 60 breast detected breast cancer dependent)
(243) in Australia. cancer patients (aged 45-69)
Johnston; Derive QoL values for key 440 women from the general True negative 0.91 12 months VAS Two-stage chaining method used to adjust
UK breast screening outcomes population eligible for breast False positive 0.66 TTO temporary health states onto dead-full health
(58) screening (aged 40-64) True negative 0.66 Lifelong (chain) scale
False negative 0.66
Kim Determine the utility of 509 general population men Treatment (intervention) of screen VAS: 0.170-0.681 Lifelong VAS, SG 8 vignettes via face-to-face interview.
Korea breast cancer health states in | and women (aged >19) detected non-invasive, invasive or SG: 0.352-0.804 VAS anchored worst-best health (readjusted to
(254) Korean population. advanced breast cancer, recurrence, dead).
terminal care
Rijnsburger Assess the QoL of screening | 334 women in a high-risk Screening attendance VAS: 0.807-0.819 Unclear VAS, Direct measurement at time points of 2 months
Netherlands high-risk women for breast breast screening trial (mean EQ-5D: 0.880 EQ-5D, prior, during and 1-4 weeks after attending
(249) cancer. age 40.9). SF-36 screening.
Tosteson Measure the QoL impact of 1028 women in digital breast Screening (negative mammogram) VAS: 0.830-0.860 Unclear EQ-5D VAS Direct measurement at baseline and up to 1
USA false-positive mammograms | screening trial: 534 = Diagnosis (positive mammogram) EQ-5D: 0.900-0.910 year after screening.
(192) negative, 494 = false positive VAS anchored worst-best imaginable health
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The standard gamble, initially presented by Neumann and Morgenstern (259) and reported in
Tolley (260), is the gold standard method for valuing conditions of uncertainty (261), yet
only two studies (253, 254) used this technique to capture the potential benefit and risks
associated with screening. An alternative choice-based method (TTO) was justified by five
studies to reduce cognitive burden associated with the standard gamble (58, 169, 243, 245,
253). De Haes et al. (176) did not use a choice-based method but mapped visual analogue
scale scores into utilities using a power function (VAS): TTO = 1-( 1-VAS)*1.82. (262),
although there are reported issues with the reliability of conversion formulas (167). A
combination of both direct and indirect methods was used by the remaining studies (192,
249) using tariffs from the US (239) and Dutch general population (263) for the EQ-5D
descriptive instrument before and after screening. The Short Form-36 questionnaire was also
used by Rijnsburger (249), but the values were never mapped into SF-6D utilities (159). Only
half of the studies considered whether the chosen method was appropriate for overcoming the

methodological challenges associated with screening health states (58, 169, 176, 243, 245).

4.5.3.2 Duration

Traditional methods such as the standard gamble, TTO and VAS are targeted towards chronic
health states (14, 16, 261). For valuing temporary health states, a two-stage technique known
as ‘cascading’ or ‘chaining’ is recommended and can be applied to modify the traditional
TTO or SG approach (264). For chaining, the worst temporary health state is known as the
anchor health-state because it is used as the lower anchor instead of dead (193). The anchor
state is subsequently valued against full health and dead to realign values onto the traditional
utility scale (16). Only two studies (58, 169) used a chaining adaptation of the conventional
TTO to appropriately value temporary health states for screening attendance and diagnostic

investigation.
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A combination of direct and indirect assumptions (265) were used to specify duration in the
remaining studies. Four studies (243, 245, 253, 254) specified a single duration of impact for
both temporary and chronic health states and applied the same method (TTO or SG) to ensure
consistency. The same technique (VAS) was used in two studies (176, 247) to specify the
time within the vignettes, although the durations applied varied depending on the timeframe
assumed. Other studies (192, 249) did not specify the health state duration per se but
indirectly measured utility at discrete time points during the screening process. However, due
to variation in follow-up time some women were aware of their results a priori which may

have inadvertently biased results.

4.5.3.3 Descriptive system

The validity of the health state and utility elicited is dependent on the accuracy of the vignette
and should be informed by a thorough review of the literature or input from those well
acquainted with the condition (167, 266). Utilities were generated using health state
descriptions in eight (80%) of the primary studies (58, 169, 176, 243, 245, 247, 253, 254).
Although the vignettes in all eight studies were informed by clinical guidelines and expert
input, only five studies (58, 169, 176, 243, 247) validated the clinical scenarios through
patient piloting or focus group discussion. Similarly, the framing and labelling of health
descriptions can systematically bias choices and perceived quality of life due to the negative
connotations associated with cancer and dying (267, 268), yet only two studies (243, 245)
explicitly considered the impact of this on their results. The remaining two studies (192, 249)
did not use vignettes but indirectly measured the disutility associated with screening by
asking women enrolled in a clinical trial of tailored mammography to value their own health

ex-ante and ex-post screening using validated health instruments (EQ-5D). Interestingly, both

81



studies commented on the limitations of the sensitivity of the EQ-5D domains in capturing

changes in utility for the short-term duration of screening.

No primary study explicitly considered the impact of the risk of overdiagnosis or unnecessary
treatment in any of the health states described. Only Gerard (245) and Hall (243) introduced
the notion of dying of causes other than breast cancer in their vignettes, although they did not
explicitly include the risk of unnecessary follow-up and treatment. Kim et al. (254) explicitly
included risk in their health state descriptions of surgery and radiotherapy but only provided
estimates for recurrence and survival, assuming all treatment was necessary for non-invasive

disease.

4.5.3.4 Population

Health states relevant to breast screening can be valued by three populations groups; the
general population, patients and clinical experts (194). Seven (58, 169, 192, 245, 247, 249,
254) of the ten primary studies used general population values, which are preferred by most
publicly funded healthcare departments (8, 258), although there was some selection bias
toward women of breast screening age. One study (243) collected a mixed sample of public
and patient preferences and reported significant differences between the utilities measured by
those with and without experience of breast cancer. Patient preferences are typically higher
than those elicited from the public due to adaptation to the condition or a feeling of necessary
intervention (194, 269), but Hall (243) justified their approach as they felt patients were best
placed to value the complex side-effects associated with breast surgery. The remaining two
studies (176, 253) used an expert sample to overcome the cognitive difficulties experienced

in their feasibility piloting of TTO health states.
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4.5.3.5 Quality assessment

Most studies did not explicitly comment on the quality of the reported utilities in terms of the
validity, reliability and feasibility of the methods used. Among the four studies (58, 169, 176,
245) that reported on reliability, four assessed ranking order and only one (169) examined
test-retest consistency. None of the primary studies commented on the time taken to complete
the task, although this is routinely recommended for appraising participant comprehensibility
(189, 257). At least half of the authors commented on comprehensibility issues relating to the
SG and TTO techniques, although only one study (169) provided quantitative evidence to
measure the reported cognitive burden using a Likert scale. Whilst most studies justified the
VAS based on task acceptability, only three studies (58, 169, 176) considered the theoretical
validity of this approach in capturing the temporary or uncertain benefits and risks associated

with breast screening specifically.

4.6 Discussion

4.6.1 Main findings from the review

Population based mammography screening for breast cancer is a major public health
investment and significant time investment for women and therefore warrants rigorous
scrutiny (3). This systematic review provides the first synthesis of economic measures and
health states used to value mammography screening, explicitly including overdiagnosis, and
summarises the evidence base informing the population screening debate. The identified
evaluations found that quality of life had a significant effect on cost-effectiveness results in
sensitivity analyses. Determining whether the associated benefits and harms have been
captured appropriately is therefore not only of clinical importance but may impact how

screening policy is determined or overdiagnosis is conceptualised (20).
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Deciding how breast screening utilities should be captured is fraught with challenges (45,
135). There is no consensus on the most appropriate economic measure and population to use
when valuing outcomes in cancer screening programmes. Half of the identified studies in this
review used the same two sources to value quality of life (176, 218), but the remainder used
values that were based on assumption, used out of context or were not methodologically
sound. Unlike prostate and cervical cancer, the natural history of in situ breast disease is not
well understood (28), yet the way in which the utilities were assigned to represent the
associated health states for screening and its sequelae were not described in detail in any of
the studies. Balancing the availability and quality of published utilities to inform economic
evaluations can be problematic where primary evidence is limited (140), but it is imperative
that such limitations are made explicit so that decision makers may consider the implications

upon cost-effectiveness results (270).

The heterogeneity in utility values raises the question of what economic measure should be
used, or whether health related quality of life is suitable for measuring outcomes associated
with screening and overdiagnosis. The commonest approach used in the empirical studies
was the VAS, despite this technique being considered methodologically inferior to other
choice-based techniques (138, 142). Ideally, the measure chosen should reflect the underlying
decision within the valuation process, in line with traditional axioms of utility theory (117).
When trading length of life against quality, TTO is more appropriate (238), whereas in a
situation in which there is also risk (such as screening and treatment uncertainty), the
standard gamble may be more suitable (257). A systematic review of metastatic breast cancer
utilities (135) found that the SG was the most frequently used technique for capturing
uncertainty in survival and preferred for valuing risk-based utility (269), although there are

concerns it may inappropriately conflate health with risk aversion (124). Conversely,

84



preference-based instruments (EQ-5D) are considered the method of choice by NICE (271),
but it is unclear whether an indirect approach would be sufficiently sensitive to detect minor
changes in utility (192) or reflect the true risks involved, unless respondents are adequately
informed about the benefits and harms during the valuation process or vignette. With most
identified studies using utilities based on author assumption, new empirical evidence to

reliably inform such analyses is clearly necessary.

The clinical outcomes associated with breast cancer screening programmes are widely
contested, yet the benefits and harms of mammography are inadequately appraised in the
economic literature informing the debate. Few studies identified by this review integrated all
relevant phases of care associated with breast cancer screening into the assessment of quality
of life, and the values used were limited in their ability to truly capture the disutility. Thirteen
studies included overdiagnosis in their evaluation but applied the same utilities for diagnosis
and treatment as a non-over diagnosed cancer (110, 272, 273), even if the costs and quality of
life losses were ultimately not necessary or entirely representative. Estimates of screen
detected overdiagnosis vary significantly from 0 to 54% (24, 33). Whilst several economic
evaluations cite the lack of published utilities as a justification for not including screening or
overdiagnosis in their analysis (19, 31, 207, 211), ignoring this harm may inadvertently lead
to inappropriate advice to women, decisions on the value of screening programmes and
potential misallocation of resources. Similarly, none of the primary studies explicitly

considered the impact of unnecessary treatment in their vignettes.

The inclusion of overdiagnosis in qualitative descriptions has been shown to change general
population preferences toward more conservative management or surveillance strategies

(274, 275). The limitations of the economic measures and health states outlined in this review
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(276) raises concerns about information asymmetry, and whether women can make an
informed decision about screening without information on the full benefits and risks. Any
potential advantages and risks should be explicitly listed within the descriptions of relevant
health states. These findings are not limited to breast cancer; appraising the impact of
unnecessary treatment may be relevant in other public interventions such as prostate cancer
(273), cervical screening (277) or the management of cardiovascular disease, where
treatments reduce the risk of future morbidity and mortality but have side-effects (92).
Indeed, a number of cancer screening initiatives have reported varying outcomes when

different sets of utilities are assumed (272, 278).

The literature is similarly heterogeneous in the duration and methods used to apply utilities.
A difficulty in valuing screening interventions is that the process encompasses both
temporary and chronic health states (58). The intensity and duration of the utilities associated
with screening (169) and diagnostic anxiety (61, 279) vary significantly to the long-term
sequelae associated with treatment (280), depending on whether this is classified by
intervention or disease stage. There is ongoing debate about how best to overcome such
issues (281), including the adaptation of conventional direct approaches (248, 269) or clinical
guidelines on the duration of impact for each of the health states (3). Whether such
adjustments are practical for screening interventions is debated and there are limitations of
QALYs in interventions such as breast screening which may only have a transient impact on
utility yet may be highly valued (132). Thorough sensitivity analysis of the durations applied
to QALY should be undertaken in any economic evaluation of population mammography

screening to ascertain the effect of key drivers on cost-effectiveness (193, 196).
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Two systematic reviews (187, 282) have previously explored the outcomes of economic
evaluations relating to breast screening programmes. Schiller-Fruhwirth et al. (187) reported
on the lack of breast screening specific utilities and insufficient reporting of validation in
their review of economic models. A second review (282) reported similar findings relating to
a paucity of methodologically appropriate utilities relevant to mammography screening.
Other systematic reviews (135, 136) of economic outcomes in the broader breast cancer
literature have been equally unable to combine screening values in meta-analyses due to

insufficient numbers and inconsistencies in the approach and population used to derive them.

4.6.2 Strengths and limitations

The value of this review is that it provides a critical appraisal of the utilities used in economic
evaluations of breast screening programmes, alongside a wider appreciation of the
methodological issues and challenges associated with the empirical valuation of
mammography and its sequelae. It offers new insight into the methodological issues
informing the screening and overdiagnosis debate, and recommendations on where to direct
future research to improve the appraisal of population screening services. Nonetheless, this
review also has limitations. Some studies were not explicit in stating that the condition under
study was relevant to mammography screening. Therefore, a subjective judgment had to be
made by the reviewers about the health states measured and their relevance for inclusion.
Second, the review only included studies published in English and may have excluded
relevant utilities in other publications. Finally, a summary statistic for the health states
associated with mammography screening could not be determined due to the heterogeneity

between studies and the methods used to derive reported utilities.
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4.6.3 Implications for breast cancer screening and treatment policy

Economic evaluations of breast screening programmes are hindered by poor quality utilities
which are largely inappropriately valued or rely on assumption. There is a clear lack of
appropriate data on overdiagnosis and overtreatment, most likely relating to the
methodological challenges associated in valuing the uncertainty. However, to not capture the
benefits and harms associated with the sequelae of screening is negligent and likely to lead to
misplaced policy decisions for national breast screening strategy. This review has identified a
clear gap in the inappropriate valuation of utility in breast cancer screening, and the
collection of robust empirical data which captures the disutility of overdiagnosis is necessary

before a re-evaluation of cost-effectiveness can be undertaken.

As screening evolves in line with technological advancements and improvements in genetic
understanding (future risk), quality of life values should also be adjusted. Similarly, as the
identification of low-risk disease from screening becomes more prevalent (27), it is likely that
more personalised, risk-stratified utilities for active monitoring strategies will be required in

breast cancer screening models.

4.6.4 Recommendations for future research

The economic evaluation of mammography screening remains problematic due to
uncertainties in the natural history of the disease, duration of sequelae and risk of potential
unnecessary treatment. The following methodological recommendations are highlighted for

researchers planning future economic evaluations of population breast cancer screening:

e Economic evaluations should explicitly include all relevant utilities and disutilities

associated with mammography screening and its sequelae. Overdiagnosis should be
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explicitly captured in the evaluation of population screening policy, alongside
extensive uncertainty analysis where there is debate on the extent of unnecessary

treatment.

New empirical evidence based on adequately informed utility data is needed to inform
breast cancer screening decisions. The findings suggest the standard gamble and EQ-
5D as the most appropriate economic measures to value screening health states, but
vignettes should explicitly describe the advantages and risks of screening during the

valuation process.

Groups at high or low-risk for breast cancer should be considered in sub-group
analysis, and quality of life values risk-stratified accordingly. It is likely that the
management and prognosis for ductal carcinoma in situ will have markedly different

implications than the disutilities associated with high-risk, invasive disease.

Consistency in the duration for which the penalties are applied to screening, diagnosis
and treatment related health states should be standardised by a panel of experts,
clinicians and patients to prevent study heterogeneity driving cost-effectiveness

results.

Breast cancer screening evaluations assume perfect compliance with treatment which
may not be reflective of clinical practice. The utility of active surveillance or non-
invasive management, included in other population cancer screening evaluations, may
be adopted by some women with low-risk disease and should be considered in the

breast cancer setting.
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4.7 Conclusion

Breast cancer screening programmes are deemed cost-effective for women aged 50-74 in the
general population. Nonetheless, the evidence informing breast cancer screening policy have
several limitations that must be addressed to determine what would be the most cost-effective
approach. This review highlights the methodological challenges associated with valuing the
utilities and disutilities associated with breast cancer screening, and suggests economic
measures are unlikely to adequately capture the outcomes of screening in terms of quality of

life.

There is no single recommended approach for valuing the health states associated with breast
cancer screening and its sequelae, but women should be properly informed about the benefits
and risks during the valuation process and vignettes. Overdiagnosis is not appropriately
accounted for in the appraisal of mammography screening and undervaluation may lead to
inappropriate decisions on the value of screening programmes. The measurement of health
state utility values derived from adequately informed individuals, as well as sub-group
analysis by risk group, is necessary if the debate on population screening programmes is to be

adequately addressed.

The next chapter will seek to address the issues highlighted in this review, by exploring what

would be an appropriate economic approach to value the disutility of overdiagnosis and the

risk of unnecessary treatment.
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CHAPTER SUMMARY

What is known?

The methodological quality of utilities informing economic evaluation may be
assessed according to the health states, methods, descriptive system and population
used to derive them, and the generalisability of the condition, severity and
population against those in which they are being applied to.

Direct utilities should also be assessed for validity, reliability and feasibility.
Valuing health states for mammography screening poses additional challenges
related to the unknown natural history of the disease, paradox of overdiagnosis,
variable duration of impact, and mixed preferences in decision-making.

None of the systematic reviews to date have explored how the benefits and risks of
breast screening have been captured in terms of utility, specifically considering the

methods used and whether overdiagnosis has been captured appropriately.

What this chapter adds

Economic evaluations of breast cancer screening programmes are unlikely to fully
capture the benefits and risks associated with the sequelae of screening.

None of the studies explicitly valued the risk of overdiagnosis and unnecessary
treatment during the measurement of utility.

The utilities applied for DCIS are the same as those for invasive breast cancer,

despite markedly different prognoses and treatment pathways for low-risk disease.
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CHAPTER 5

Methodology for an empirical study valuing health states for
low-risk ductal carcinoma in situ

5.1 Introduction

The methodology applied in an empirical study valuing health states for low-risk ductal
carcinoma in situ is outlined in this chapter. The study was motivated by the findings from
the systematic review, which demonstrated a paucity of utilities for low-risk breast cancers in
the economic evaluation of breast cancer screening programmes. Although women may never
know whether they are the subject of overdiagnosis, the harm from the treatment that ensues
may potentially be captured in the debate. The chapter begins with a summary of the main
objectives of the empirical work, and the justification behind the techniques applied. This is
followed by a detailed description of the study design, economic instruments and analytic
techniques applied. Finally, the feasibility, reliability and likely ability of the methods to

capture the true harm of overtreatment is considered against the current literature.

5.2 Background

5.2.1 Controversies in breast cancer screening

Choosing between treatment alternatives requires a balance of costs and risks against the
possible benefits (283). In earlier chapters, the benefits and risks associated with breast
cancer screening were contested. It was observed that whilst breast screening programmes
improve breast cancer survival and quality of life through earlier diagnosis, (20, 33, 56), they
also contribute to the overdiagnosis and overtreatment of low-risk disease that may never

have caused symptomatic harm (3). It is imperative that the evidence informing policy
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decisions appropriately capture these benefits and harms in the valuation process, so that the

risks are balanced, and the most efficient strategy is implemented.

The major challenge in valuing the sequelae of breast cancer screening relates to the
uncertain natural history of the disease (75). Patients must make treatment decisions based on
how they feel about the trade-offs that exist in often unknown benefits and risks. For most
women this is related to the anxiety about recurrence versus the side-effects and morbidity of
treatment on quality of life (276). Ductal carcinoma in situ is a pre-invasive condition
primarily identified through mammography screening (90). It is not known at the individual
level whether all DCIS will develop into an invasive breast cancer, and so treatment is given
to reduce concerns about the risk of progression (28). At the same time, treatment can also
induce serious side-effects, costs and detriments to quality of life (176), which may have been
unnecessary for those with low-risk disease. However, the utilities informing breast screening
and treatment policy are limited in their ability to adequately capture these benefits and risks

(284).

Choosing an economic measure capable of overcoming such issues is difficult. There is no
single ‘gold standard’ method for capturing utility. The systematic review presented in
Chapter 4 raised a number of methodological challenges associated with eliciting utilities for
breast cancer (284). Uncertainties in the natural history of the disease, duration of effect, and
heterogeneity in methodology and population applied, render the valuation of overdiagnosis
problematic. Determining the impact of breast cancer treatment on quality of life is complex

but the ideal economic measure should address some if not all these limitations.
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Whilst there is agreement that quality of life should be captured in the evaluation of breast
cancer interventions (285), no consensus exists on how this should be measured. The current
assumption held in economic evaluations is that overdiagnosis and overtreatment are
captured in outcomes, through the side-effects and the additional cases overtreated or treated
earlier (286). Such assumptions are inappropriate as they imply that all treatment is held
equal, regardless of outcome, and so do not truly capture the potential risk of unnecessary
treatment in their valuation. There is evidence to suggest that women who are treated may
report higher utility or satisfaction if they have been told or believe that the treatment was
necessary (274). As Raftery and Chorozoglou (31) point out, to quantify the true harm of
overdiagnosis would require surveys to ask women if their quality of life would be different

if it could be shown that there was a risk that their treatment had been unnecessary.

The objective of this chapter was to explore potential economic methods to derive utilities
associated with breast cancer, which capture the risk of overdiagnosis and unnecessary
treatment. In doing so, the methodological challenges in health state valuation are discussed,
including the uncertainties associated with valuing population screening outcomes,

overdiagnosis and the impact of risk on utility.

5.2.2 Economic methods and the issues of valuing overdiagnosis

There are two main approaches to deriving health state values (6). The first is to directly
value discrete descriptions of health or its treatment from first principles. Alternatively,
another approach is to measure health indirectly using a standardised descriptive system. It is
not the purpose of this chapter to summarise the theoretical foundations behind these

methods, which were already established in Chapter 3, but to deliberate if and how such
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methods are appropriate and might be applied to quantify the disutility of overdiagnosis. A

brief reminder of the advantages and disadvantages of utility measures is shown in Table 5.1.

More traditionally, empirical studies have derived utilities through direct measurement of
health descriptions using the visual analogue scale (VAS), time trade-off (TTO) or standard
gamble (SG). The visual analogue scale is the simplest approach but is often criticised for not
producing ‘true’ utilities, due to the choice-less nature of the rating task (138). There are
limited data on the use of the VAS in quantifying health states associated with risk, but the
lack of uncertainty in the decision process is likely to limit its suitability in capturing the
harms of overtreatment. Dyer and Sarin (287) argue the VAS demonstrates a stable
relationship with other preference-based measures, but the wider evidence (141, 288)
suggests this relationship is highly variable and the VAS is unlikely to truly capture the trade-

off of decisions in isolation.

The standard gamble and TTO are regarded as superior to the VAS because they directly
capture preferences for discrete descriptions of health (16). Whilst the TTO is often preferred
to the standard gamble due to its lesser cognitive demands (valuing time is easier than
valuing probability), it requires conditions of certainty (264) which are violated by the
concept of overdiagnosis. Specifically, it may not be methodologically appropriate or valid to
ask participants to trade-off years in perfect health against years spent in a health state with
an unknown outcome, i.e. a health state which may change within the traded time from DCIS
to invasive cancer. Conversely, the standard gamble can overcome this limitation because it
deals with risk and probability (140). This point of view is disputed by Richardson (150) who
argues that the uncertainties embodied by the SG may bear little resemblance to the actual

clinical decision made. However, the standard gamble has demonstrated reasonable validity
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in two analogous studies eliciting utilities for cancer surveillance with variable disease

progression (289, 290).

The most widely adopted method for eliciting utility is through generic multi-attribute
measures (270) that capture utility indirectly. Breast cancer health states are disaggregated
into standardised health dimensions, and pre-specified weights are applied to adjust patient
scores to reflect those from the general population. The EQ-5D (3L/5L) has been used
extensively in the breast cancer literature for its validity and feasibility of use alongside other
trial-based reported methods (291). Whilst decision bodies recommend the use of
standardised descriptive systems to measure benefit in economic evaluations (8), generic
instruments have been criticised for being insensitive to important oncologic domains of
quality of life (292). Furthermore, there have been concerns that the response options may not
capture changes in utility in low-risk conditions (293), such as DCIS, partly due to the ceiling

effects of the limited levels of severity or patient biases in self-validating treatment.

Ultimately, the valuation of overdiagnosis requires economic measures which can capture the
risk of uncertainty associated with the disease. A review of the literature (135) suggested both
direct and indirect methods were appropriate for deriving utilities relevant to breast cancer.

However, the values derived are unlikely to have truly captured the disutility of overdiagnosis

if the women were inadequately informed about the risks during the decision process.

Simply applying a standardised descriptive system to patients in a trial may not value the true
impact of unnecessary treatment because women may report higher utility or satisfaction if
they have been told, or believe, that the treatment was necessary. Tosteton et al. (192)

observed that although false positive mammograms had a significant impact on anxiety, this
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was not reflected by prospective EQ-5D utilities. Furthermore, knowledge of uncertainty and
risk is likely to change over time and therefore the ‘value’ of certain states may also change.
The use of vignettes, which explicitly stipulate both benefits and risks, may offer a tangible
option to negate this bias and improve the validity of the utilities derived. Descriptions of
health including prognosis and recurrence risk have been applied previously to elicit utilities
for other low-risk cancers using both public and patient populations (254, 289). Whilst this
approach has been less commonly used alongside indirect methods, it has demonstrated
reasonable validity provided the vignettes are designed to reflect the clinical condition and

are not simply mapped to the instrument dimensions (294).

This rest of this chapter investigates the validity, reliability and feasibility of direct and

indirect methods to value the disutility of the sequelae of overdiagnosis, using low-risk DCIS

as a case-study for women potentially subject to unnecessary treatment.
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Table 5.1: A summary of the most commonly adopted methods used to elicit utilities

Category Method Overview Strengths Limitations
Direct Standard Choice between (i) varying probabilities of a gamble with e  ‘Gold standard’ (rooted in the e  Cognitively & time demanding
gamble two possible outcomes, and (ii) certain outcome axioms of EUT) e  Potential bias or contamination from individual
e  Can account for risk or uncertainty risk-attitude, gambling effect or loss aversion
e Widely used in oncology e Ceiling effect
TTO Choice between two alternatives of certainty of different e  Easier to complete than the SG e  Unable to accommodate the risk of uncertainty in
durations ¢ Good test-retest reliability and the trade-off
consistency in ranking e  Prone to duration bias, time preference and
unwillingness to trade
VAS Health states are valued on a rating or interval scale e Most feasible technique e Does not technically elicit utilities as no
(usually anchored best-worst imaginable health or dead- e  High completion rate uncertainty in the decision process
perfect health) e  Can be used alongside indirect e  Mapping formulae vary widely
methods (EQ-5D) e  Susceptible to response spreading and end-point
bias
Indirect AQoL Generic questionnaire with multiple versions including 4-8 | e  Relevant population set e  Generalisability limited
dimensions (independent living, social relationships, e  Covers a wide range of health e  Complex number of health states
physical senses, psychological well-being); 4+ levels of issues and domains e  Limited practicality/completion rate
severity
EQ-5D Generic questionnaire with 5 dimensions of health e  Widely used internationally e Insensitive to small QoL changes
(mobility, self-care, usual activities, pain, e  Preferred by NICE e Limited dimensions of impairment
anxiety/depression); 3 or 5 level version of severity e  Practical and easily administered e  Prone to ceiling effect
available in RCTs
HUI-3 Adult version has 8 health dimensions (vision, hearing, e  Covers a wider range of health e Does not cover role/social function
speech, ambulation, dexterity, emotion, cognition, pain); 4- impairments e  Takes longer to complete
6 levels of severity e Widely used internationally e Less widely used in oncology
SF-6D Generic questionnaire with 6 health dimensions (physical e Widely used internationally e  Limited dimensions of impairment

functioning, role limitation, social functioning, pain,
energy, mental health); 4-6 levels of severity

e  Cover a wide range of health
dimensions

e  Prone to a ‘floor-effect’
e  Limited practicality/completion rate
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5.2.3 Rationale for the study

There is no consensus on the most appropriate measure to value utility. Both direct and
indirect methods have been used to elicit utilities for health states associated with breast
cancer screening, but the EQ-5D or an alternative a direct risk-based approach (standard
gamble, TTO) were the commonest methods applied in the economic evaluation of breast
screening programmes (Chapter 4). The literature review undertaken earlier in this thesis
demonstrated that DCIS was inadequately valued in current appraisals of breast cancer
screening programmes. Although the utility of treating DCIS has been valued previously
(148, 254), none of the studies valued active monitoring, overdiagnosis or the potential for

unnecessary treatment in the vignettes.

The systematic review (284) also raised several methodological challenges associated with
eliciting utilities for breast screening related health states. Uncertainties in the natural history
of the disease, risk perception, duration of the sequelae and heterogeneity in methodology
render the valuation of overdiagnosis problematic. Current utility estimates assume all
treatment is held equal, regardless of outcome, and so do not truly capture the potential risk
of overdiagnosis in their valuation. Similarly, the review of active monitoring models did not

identify any utilities for active monitoring in the breast cancer setting.

Primary research to derive a set of appropriate valuations was therefore deemed necessary to
address the paucity of utilities for breast screening health states potentially subject to
overdiagnosis. Whilst addressing all the gaps in the literature would be beyond the scope of
this thesis, this study aimed to apply economic methods to address the major limitations
around overdiagnosis, so that both the benefits and harms are captured in the outcomes

applied in the economic evaluation of breast screening programmes.
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5.3 Aim and objectives of the empirical study
The aim of the empirical study was to quantify the utilities associated with the treatment of

low-risk DCIS.

There were three main sub-objectives of the quantitative work:

1. To quantify women’s preferences for managing low-risk disease potentially subject to
overdiagnosis, including the acceptability of active monitoring as an alternative treatment.

2. To address the limitations identified by the review by explicitly including the risk of
unnecessary treatment in the valuation process.

3. To elicit utilities on the sequelae of mammography to inform QALY's in the economic

evaluation of breast cancer screening programmes.

5.4 Methods
Utilities were elicited for hypothetical health states describing the different treatments for

low-risk DCIS. The empirical research was divided into three stages:

(1) Pilot study and focus groups to refine the methodology

(i1) Collection of utilities in the main study

(ii1) Analysis and application of the derived utilities

This chapter focuses on parts one and two and describes the techniques and population used

in the pilot and main study analyses.
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5.4.1 Health state definition

5.4.1.1 Development of the vignettes

Bespoke descriptions of health were designed to represent the treatments and potential
outcomes associated with low-risk ductal carcinoma in situ. A literature review (176, 284)
was conducted to identify the relevant dimensions of quality of life affected by breast cancer

screening and treatment. Seven hypothetical health states describing low-risk DCIS were

defined:

A. Breast conserving surgery alone

B. Breast conserving surgery with radiotherapy

C. Mastectomy +/- immediate reconstruction

D. Active monitoring with 40% risk of progression in 10 years
E. Active monitoring with 20% risk of progression in 10 years
F. Active monitoring with 10% risk of progression in 10 years

G. Treatment for progressed DCIS

The sequelae and uncertainty attached to outcomes were guided by consultation with
clinicians and population health experts. Three hypothetical levels (10%, 20%, 40%) of risk
were specified to ascertain the impact of unnecessary treatment on utility, and were consistent
with those used in studies valuing low-risk cancer surveillance (289) and estimated breast
cancer recurrence after treatment (295, 296). Risks were displayed as both percentages and in
absolute numbers (event per 100 women), because combined communication of probability
has been shown to increase lay understanding (111). Progressed DCIS was also included to

determine the magnitude of effect on utility of an adverse outcome following surveillance.
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Endocrine treatment was explicitly described as optional for progressed disease due to the

variable compliance and side-effects experienced by women, as reported in the literature.

5.4.1.2 Framing and labelling

The way in which health state descriptions are developed and framed can dramatically
influence the resulting valuation (297). The term ‘cancer’ is known to introduce negative
connotations, lower utility and change preferences toward more invasive treatment. Research
conducted by Hersch et al. (298, 299) exploring treatments for early breast cancer found that
preferences favoured more invasive surgery after changing the terminology for in situ disease
from “abnormal cells” to “cancer”. Similarly, O’Connor (268) and McNeil (300) reported
significantly lower utilities when negative framing was used to describe the side-effects of

cancer treatment compared to positive clinical outcomes.

Vignettes were unlabelled and used standardised mixed (neutral) descriptions to minimise
any bias in the framing of potential benefits and risks (245). This permitted both advantages
(reduced risk of recurrence) and risks (side-effects, overdiagnosis) to be considered
concurrently during the valuation process. The same lead in was used to introduce each
health state to ensure consistency in the presentation of the vignettes (Appendix 3). DCIS was
explicitly clarified as a “pre-invasive disease of the breast,” to limit the impact of cancer
terminology on preferences. However, women were informed that there was a risk that DCIS
might become invasive breast cancer so that the descriptions accurately reflected the real-life
decisions made. An example of the pilot health state description and presentation of

information for breast conserving surgery is presented in Figure 5.1.
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Gamble 1:

Imagine you attended a routine breast screening mammogram. The x-ray identified some
abnormal cells, but they were confined to the milk ducts of the breast.

The abnormal cells were described by the doctors as LOW risk DCIS as they had a very low
chance of developing into a cancer.

You received the treatment in the health state described on the card:

Health state A

e The affected part of the breast has been removed by day surgery.

e You have some scarring and shrinkage in the affected breast.

e You feel more conscious of your body image and your sexual drive is
reduced.

e The chance of the cells coming back in the next 10 years is 20%. That is,
20 out of every 100 women will experience a recurrence within 10 years.
0 You would require further surgery, radiation and possibly anti-
cancer medication but there is no increased risk of dying

e You are told by your doctor that there is a 60% chance that you never
needed the surgery:
0 This means you may have unnecessarily experienced side-effects
from treatment as the cells would likely not have become harmful.

Figure 5.1: An example vignette for health state A as presented in the pilot

5.4.1.3 Piloting and focus group feedback

The vignettes were extensively piloted on patient focus groups to check the content validity
of the descriptions and then modified to reflect any additional attributes deemed important by
patients and clinicians. This consisted of two focus groups of between six and ten women
from the Patient Advisory Group at Breast Cancer Network Australia, all of whom had

undergone treatment for an in situ or invasive breast cancer.
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Although the phrase ‘abnormal cells’ was initially used in lieu of cancer as recommended in
the literature, feedback from patient focus groups suggested that this term was too ambiguous
and created some confusion as to what participants were being asked to value. Therefore, the
phrase ‘abnormal cells’ was changed to ‘ductal carcinoma in situ’ in the questionnaire lead in
and a brief explanation was suggested at interview to facilitate participant understanding of

the condition.

A compromise had to be made between the volume of information presented and relevant
side-effects selected for inclusion. Only minor iterations to the wording of side-effects and
the presentation of monitoring risk were deemed necessary, as illustrated in the changes
presented for ‘Scenario D’ in Figure 5.2. The bold highlighting of benefit and risks within the
main text was also removed to avoid undue attention or bias in favour of attributes. The final
vignettes were reviewed by a group of patients, clinicians and health economists, and may be

viewed in full in Appendix 3.

5.4.2 Choice of elicitation method

5.4.2.1 Choosing the instrument

The systematic review suggested that both direct and indirect methods were appropriate for
deriving utilities for breast cancer. Therefore, both approaches were used to elicit and
contrast utilities for the purposes of this research. Three techniques were applied in the
empirical study; the visual analogue scale (VAS), standard gamble and EQ-5D-5L
questionnaire. The methods were selected following a systematic review and were based on
their ability to incorporate risk into the valuation process, and consistency with the NICE
recommendation (271) for a choice-based technique as a reference case alongside an indirect

multi-attribute utility instrument (EQ-5D).
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Figure 5.2: Health state F as displayed in (i) the pilot and (ii) with changes for the main study

(i) Gamble 4:

Imagine you attended a routine breast screening mammogram. The x-ray identified some abnormal cells, but
they were confined to the milk ducts of the breast.

The abnormal cells were described by the doctors as LOW risk DCIS as they had a very low chance of
developing into a cancer.

You received the treatment in the health state described on the card:

Health state D
e The abnormality identified on the mammogram is closely monitored by regular imaging.
* You have a mammogram once a year and are told the result by letter.
e You do not need to see a doctor or have a breast examination unless any changes are picked
up on your mammogram.
e You may be anxious at the time of the mammogram but otherwise do not experience any side
effects from the treatment.
e You do not experience any unnecessary treatment (0% chance).
0 This means you avoided any unnecessary side-effects from invasive surgery if the cells
never developed into an invasive breast cancer.
e The chance of the cells progressing in the next 10 years is 40%. That is, 40 out of every 100
women will experience a progression within 10 years.
0 If this happens you would need to undergo surgery to remove either part of or the
entire breast, possibly with radiation.
0 You may need additional treatment with hormone tablets or possibly anti-cancer
medication but there is no increased risk of dying
0 The risk of death from breast cancer is no greater with this strategy

(ii) Scenario D

Imagine you attend a routine breast screening mammogram. The x-ray identifies some abnormal cells, but
they are confined to the milk ducts of the breast.

The abnormal cells are described by the doctors as “low risk DCIS” as the risk of them developing into a cancer
is very low.

You are offered the treatment in Scenario D:

Scenario D

e The abnormality identified on the mammogram is closely monitored by regular imaging.
e You have a mammogram once a year and are told the result by letter.
e You do not need to see a doctor unless any changes are picked up on your mammogram.
e You are advised about breast awareness and do regular breast checks at home.
e You may feel anxious or worried from time to time.
e The chance of the cells progressing in the next 10 years is 40%. That is, 40 out of every 100
women with low risk DCIS will experience some progression within 10 years.
0 If this happens you would require surgery and radiotherapy but there is no increased
risk of dying as a result of this diagnosis and treatment.
0 You may need hormone tablets or a biopsy of the glands in the arm
e You are told there is a 60% chance that the cells will never progress into an invasive cancer
during your lifetime. This means that:
0 60 out of 100 women who choose to have monitoring will avoid overtreatment and
unnecessary side-effects or pain from invasive treatment.
0 40 out of 100 women would need to have surgery at some point during their lifetime.
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The visual analogue scale was chosen to familiarise participants with the concept of valuing
health. Whilst the VAS has been criticised for not technically producing utilities (no
uncertainty during the decision process), it has been widely used to supplement other direct
and indirect methods in the literature (6), including the EQ-5D. In particular, the VAS has
strengths in facilitating participants to conceptualise the concept of valuing or ranking health
(142). The VAS was therefore selected as the first method to help acquaint participants with

the health states, prior to completing the more cognitively demanding tasks.

The standard gamble was the second method chosen from the systematic review. The main
justification for using this method was its ability to incorporate risk and value preferences
under conditions of uncertainty (e.g. disease progression). Whilst the TTO is often preferred
to the standard gamble due to its lesser cognitive demands (valuing time is easier than
valuing probability) (264), it requires conditions of certainty which are violated by the
concept of overdiagnosis. Specifically, individuals cannot be certain whether DCIS will
progress or not due to the unknown natural history of the disease. As such, it would not be
methodologically appropriate or valid to ask participants to trade-off years in perfect health
against years in a health state with an unknown outcome, i.e. a health state which may change
within the traded time from DCIS to cancer. In contrast, the standard gamble can overcome
this limitation because it deals with risk and probability and has been successfully applied in
other studies eliciting utilities for cancer screening (254), in situ disease (248) and active

monitoring previously (289).

The third and final method applied was the EQ-5D-5L questionnaire. An indirect technique
was deemed necessary to supplement the standard gamble, in line with the recommendations

of decision bodies (NICE) which stipulate the use of MAUISs to value health (8). Selecting
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which method to use is important given that the instruments differ in structure, dimensions of
health, methods and the populations used to derive them. The EQ-5D was chosen for this
study because of its accessibility, validity and ease of completion alongside other direct
methods (291). Furthermore, the EQ-5D was deemed the most commonly adopted indirect
approach in the breast cancer literature and is recommended for use in trials of active
monitoring (e.g. LORIS). Whilst other questionnaires such as the SF-6D and AQoL have
better specificity and wider health dimension coverage (301), it was decided that the longer
completion time required for these instruments would not be practical or feasible without
incurring significant fatigue in a study with seven health states. Although Australian
population tariffs are more limited for the EQ-5D, several studies have demonstrated good

consistency with the utilities derived using Australian and UK population tariffs (302-304).

The final decision to be made for the indirect approach was whether to adopt the 3 or 5 level
version of the instrument. The EQ-5D-5L was chosen specifically to avoid any bias in favour
of favour of oncological treatment (305). Whilst the 5L questionnaire has developed some
criticism within the oncological field for producing less favourable results than the 3L (306),
it has not been employed in the mammography screening setting where the margins between
health states may be more subtle and therefore warrant a wider range of severities. Similarly,
the 3L has been criticised for its limited responsiveness for low-risk conditions (291), partly
due to ceiling effects and therefore would be less likely to detect the smaller changes in utility

observed in DCIS.

5.4.2.2 Duration
The health states associated with breast cancer screening and treatment have variable effects

during the cycles of treatment. However, there is a wealth of evidence suggesting that the
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side-effects following invasive treatment and ongoing surveillance may persist for years
beyond the initial cancer diagnosis (95). Similarly, overdiagnosis is unlikely to have only
short-term implications due to the ongoing physical and psychological effects of a potentially
unnecessary intervention. Therefore, all health states associated with the treatment of DCIS

were considered chronic in nature.

For comparability, participants were asked to consider that all health states in the standard
gamble lasted 10-years in line with clinical trials of active monitoring (27). The EQ-5D and
VAS are more limited to capturing a “snapshot” of the health state under valuation, but
participants were encouraged to remember that the health states were chronic in nature and

would similarly be followed up over a period of 10 years.

5.4.2.3 Face-to-face versus online

Women were interviewed face-to-face by a single interviewer (HB) to ensure consistency in
the approach to data collection. Although face-to-face interviews have been shown to be
more time and resource demanding (6), the completion rate and reliability of the derived
utilities are improved over those collected via online surveys. Feedback from the pilot testing
also suggested that the tasks would have been too cognitively demanding to complete online

without assistance or clarification of what was being asked.

5.4.2.4 Interview format

The interview used an adaptation of the format described by Hayman (148) and Furlong
(257) and consisted of four parts: a rating scale exercise, EQ-5D-5L, standard gamble and
socio-demographic questionnaire. Before beginning the valuation tasks, participants were

provided with a brief description of DCIS as some participants were less familiar with the
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concept of the disease. However, this was limited to a few sentences explaining the nature of

the disease, rather than the treatment, so as not to bias the generalisability of potential values.

A questionnaire booklet was designed for completion during the interview to facilitate the
collection of utilities and socio-demographic data (Appendix 4). The booklet was divided
into five sections (A-E) so that each exercise could be separated to reduce cognitive fatigue.
An overview of each of the questionnaire tasks is illustrated in Figure 5.3 is summarised in

the following section.

Introduction Details of the study are explained and consent is signed
%
Section A Introduction and numeracy assessment
\/
Section B Visual analogue scale exercise
\/
Section C EQ-5D-5L valuation exercise
%
Section D Standard gamble exercise
\’
Section E Socio-demographic information collected
\
Revision Revision and final opportunity to change answers

Figure 5.3: A flow diagram summarising the questionnaire tasks

5.4.2.5 Design of the questionnaire
Section A
Following a brief introduction to the study, participants were asked to complete a few short

questions to test basic numeracy, risk and time preference. The objective behind these
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questions was to familiarise subjects with the concept of risk-benefit scenarios (307, 308) and
to aid the reviewer’s judgement on the reliability of the utilities derived. There is substantial
evidence demonstrating a general lack of risk literacy among the general population (309,
310), although Torrance (16) suggests this is reduced among those with knowledge of the
condition. Proxy numeracy and risk comprehension was assessed using four standardised
questions from the literature (311-313) describing varying probabilities of tossing a coin or
winning a prize. Although none of the participants were excluded based on their answers to
these questions (309), an initial assessment of participant numeracy and understanding of
benefit and risk information was deemed helpful in ascertaining the level of support likely

required by the participant.

Section B

Section B initiated the process of eliciting utilities using the visual analogue scale.
Participants were asked to read, in random shuffled order, seven hypothetical health states
and rank them from least to most desirable on a 20cm visual analogue scale, anchored from
worst (0) to best (100) imaginable health. This involved quantifying how good or bad they
felt the health state was by drawing a cross point on the scale and writing the corresponding
figure on the dotted line next to letter for each health state. They were also asked to place
being dead on the same scale so that the health states could be adjusted to the dead-perfect

health scale, accordingly, using the formula:

VAS = (x-d)/(100-d)

where x corresponds to the scale placement of the health state and d corresponded to the

value of dead (4).
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Section C

In the third section, participants were asked to rate each of the health states in terms of the
five EQ-5D-5L dimensions (mobility, self-care, usual activities, pain/discomfort and
anxiety/depression). Each dimension has five levels of severity to describe the health state
being valued. For example, in the usual activities domain the impact of treatment may be
scored from having no problems, slight, moderate or severe problems, or being unable to do
them. Each dimension was valued using one of the five hierarchical levels of severity, and the

final reported scores were converted into utilities using general population tariffs (18).

Section D

For the standard gamble exercise, participants were asked to choose between two
alternatives: (i) a gamble between varying probabilities of perfect health and being dead, or
(i1) the health state being evaluated. The probabilities of the gamble were varied until the
participant was indifferent between the two alternatives, corresponding to the utility for the
health state. For comparability, it was assumed that all states were chronic in nature with a

10-year duration specified as per the LORIS trial protocol (27).

The methods were based on the format described by the Measurement and Valuation of
Health Group (314) and have been used in previous studies to elicit utilities using the
conventional standard gamble. Probabilities were varied using the recommended ping-pong
technique (315) (i.e. values are alternated from high to low and back again), to reduce the risk
of procedural bias observed with continuous ascending or descending probability changes
associated with titration. Visual aids consisting of an A3-sized chance board and probability

wheel were also used to aid comprehension (Appendix 5).
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To ensure consistency in technique and participant understanding of the exercise, the initial

gamble was set to 100/0 and the question phrased as follows (6):

“I want you to imagine you have two options, one option involving a risk and a

second involving a certain outcome.

I want you to decide between the two options, or if you think they are both equal
please tell me. The amount of risk in Option 1 will be changed until we find out how

much risk you will take to avoid the certain outcome in Option 2.

The first choice I would like you to decide on is the health state described on the

green card. You have already seen this card in the earlier exercises.

As you can see on the board, Option 1 is a 100% chance of ten years in perfect health,
with zero chance of immediate death. Option 2 is a 100% chance of being in the

health state described on the card.

Would you prefer Option 1 or 2?”

According the participant’s response, a tick, cross or equals sign was marked on the
corresponding scoring sheet (Appendix 6). Rationally, participants were expected to choose
Option 1 because guaranteed perfect health ought to be preferable to an inferior health state.
If they did not choose Option 1, efforts were made to ensure that they had correctly
understood the task. (If after further explanation they were indifferent, the health state was

scored a utility of 1.0). If Option 1 was chosen, the gamble was changed to 10/90:
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“Option 1 is now a 10% chance of ten years in perfect health, with a 90% chance of
immediate death. Option 2 is still a 100% chance of being in the health state

described.

Would you choose Option 1 or Option 2 now?”

The probabilities of the gamble in Option 1 were changed iteratively in an alternating manner
using 10 per cent intervals until the point where the participant was indifferent between the
two options. In situations where the participant could not decide on a point of indifference,
the probability in the gamble was reduced to the midpoint between the two preferences (e.g.

95% for preferences between 90% and 100%) to determine the final utility value.

Section E

Demographic data were collected in the final section of the interview to enable sub-group and
regression analyses. This section comprised of 20 questions covering a range of socio-
demographic characteristics and information on breast cancer screening and treatment
history. The questions were adapted from those used in the BCNA Review & Survey group
(316) questionnaire (a survey gathering detailed scientific and demographic data relevant to
breast cancer patients) and the Australian national census (317). A Likert scale and free text
box was added at the end of the booklet to appraise the feasibility of each of the methods, and
to assist the interviewer’s appraisal of whether the participant had understood the tasks (179,

245).
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5.4.3 Sampling

5.4.3.1 Population

A decision had to be made about whose preferences to elicit (17). Gaining an understanding
of the preferences of a relevant group may help policy makers quantify overdiagnosis given
that the implications are cognitively difficult to understand and so poorly researched. In this
exploratory study, utilities were elicited from women with and without breast cancer, both of
whom are likely best placed to appraise the impact of overdiagnosis, as potential subjects of
unnecessary treatment from screening attendance. It could be argued that men’s values are
also relevant as taxpaying members of the general population (270), but given that this was
an exploratory study the sample was limited to a relevant population for pragmatic reasons.
Experts were used during the development of the vignettes but not during the main analysis

as their familiarity with the health states may have biased the results.

5.4.3.2 Eligibility Criteria

Utilities were obtained from women in Melbourne, Australia between April and September
2018. Eligible women had to be over 30 years (breast cancer incidence is uncommon below
this age) and have basic English language skills to participate in the tasks. Both patient (DCIS
or early invasive breast cancer) and non-patient preferences were elicited so that differences
among women with varying breast cancer experience could be explored. It was hypothesized
that patients would have a higher preference toward more invasive treatment (248). Women
undergoing active treatment (except for endocrine therapy) or advanced breast cancer were

excluded because they were deemed high-risk cases.
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5.4.3.3 Recruitment

Potential participants were recruited by email invitation from the Lifepool cohort (318) and
Breast Cancer Network Australia (BCNA) Review & Survey group (316). Both groups have
access to a register of members interested in participating in breast cancer research. The use
of these groups for recruitment was justified for two reasons. First, these women had
expressed an interest in participating in breast cancer research and were therefore more likely
to ensure a higher response rate than anonymous email invitation. Second, recruiting patients
directly from the hospital clinic would have required additional health services ethical
approval and would been more time-consuming to establish eligibility for the study within

the limited time constraints of the PhD.

Women were asked to contact the researcher directly if they were interested to arrange the
interview. The project coordinators at the two registries stratified the sample prior to
invitation so that women with a diverse group of socio-demographic variables were included
where possible. An additional group of women outside of the two registries contacted the

researcher directly through snowball sampling of participants’ family, friends or colleagues.

5.4.3.4 Ethical approval

Individual interviews were undertaken at the Melbourne School of Population and Global
Health and local community facilities in Victoria. Two interviews were conducted using
telecommunication software to accommodate participants’ disabilities for those unable to
travel. No financial incentive was provided. The study was approved by the Health Sciences

Ethics Sub-Committee at the University of Melbourne (ID: 1750252) (Appendix 7).
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5.5 Data preparation and analysis

5.5.1 Sample size

Sample size calculations are routinely undertaken prior to conducting an empirical study to
determine the number of observations necessary to make inferences about a population from
the sample (319). However, due to the expected heterogeneity in individual risk aversion,

sample size calculations are not routinely performed for studies deriving utility.

The methods described by Hayman (248) and Hall (243) were used to estimate a proxy
sample size for the sample population, as stipulated by the recruitment registries, to
accommodate the expected heterogeneity relating to individual risk aversion. The standard
deviation of SG utilities for patients reported in the literature is 0.2 (257). A sample size of
>100 women was therefore estimated to detect mean utilities at a 95% confidence level of

0.04 and 90% power.

5.5.2 Data preparation
The values derived in the empirical study had to be transformed onto the conventional 0-1
utility scale (dead-perfect health) to enable statistical analysis and comparison of the

computed values.

1. Visual analogue scale

The VAS values collected in the questionnaire were converted from a 0-100 to a 0-1 scale by
dividing each score by 100 if being dead was valued as being the worst imaginable health.
For example, a VAS score of 70 was recorded as 0.70 (70+~100). Where death was not placed

at zero by participants, utilities were adjusted accordingly using the formula (4):
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Equation 1: VAS = (x-d)/(100-d)

Where x corresponds to the scale placement of the health state and d is the value of being
dead. For example, if health state x was valued at 70 and being dead at 10, then the

corresponding final utility would be: VAS = (70-10)/(100-10) = 0.67.

2. EQ-5D-5L

The reported scores from the EQ-5D-5L dimensions were converted into utilities using
general population conversion tariffs. In the absence of Australian general population tariffs
for the 5L instrument, the methods adopted by McCaffrey et al. (302) were applied to convert
the scores into utilities using a comparable general population dataset (18). Given the
similarities between the British and Australian breast cancer screening programmes and
populations, a UK mapping matrix was deemed appropriate to convert the aggregated scores.
Further, several studies have demonstrated good consistency between the utilities derived

using UK and Australian tariffs (303, 304).

The EQ-5D-5L health states were converted into a single index value using the ‘EQ-5D-5L
Crosswalk Index Value Calculator,” available on the European-Qol website (320). The
formula uses a crosswalk function based on the existing value sets for the 3L which are
mapped against the new values elicited using the SL descriptive system (291). Each
dimension of health has a summary index (or weight) attached to each level of severity. The
calculator then deducts the appropriate weights from 1, the value for full health (i.e. state

11111), to generate the final utility score.

117



For example, a health state scored as 11134 generates a final utility score equivalent of 0.512

using the UK EQ-5D-5L crosswalk table value set on Microsoft Excel (320).

3. Standard gamble
The utilities for the standard gamble were equivalent to the probability at which the

participant was indifferent between the health state being valued and the gamble between

perfect health and death (16), i.e.

Equation 2: Ur=(p)

For health states considered worse than death, the equation is modified so that death is
compared to a gamble between perfect health (p) and the worst health state (1-p). The
probability is varied until the participant is indifferent, at which point the utility for the health

state is given by:

Equation 3: Ux =-p/(1-p)

5.5.3 Statistical analysis

Data analysis was carried out using STATA Version 15 for Windows 7 (321). A priori
significance levels were set at 0.05 for comparing the differences between utilities, consistent
with clinical studies of this nature (264). Mean and median values were summarised with
associated degrees of dispersion. Differences in characteristics between patients and non-
patients were analysed using t tests and chi-squared tests, where appropriate for continuous

and discrete or categorical variables (322).
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Further statistical analyses were conducted to determine whether any differences in utility
within or between the two population groups were of meaningful significance. The decision
of which statistical test was most appropriate was determined through evaluation of the
distribution of the data, sample size and type of variables included in the analysis. The
recommendation is to use parametric tests for data with an approximate normal distribution

and non-parametric tests for those that violate this assumption (323).

Visual inspection of the histograms and formal skewness testing confirmed that while some
data were approximately normally distributed, others were left skewed (Shapiro-Wilkes:
negatively skewed). Therefore, non-parametric tests were used to analyse differences in the
utilities due to the non-normal distribution of the data (324). A Mann-Whitney U test was
used to determine whether utilities for the seven health states differed between patient and
non-patient groups. Correlation between the different methods was assessed using the
Spearman’s correlation coefficient for pairwise comparisons (323), and linear regression was

used to determine if demographic variables were significant predictors of utility.

5.5.4 Quality appraisal

The criteria set out by Brazier et al. (6) were applied to assess the performance of the
economic measures and quality of the utilities derived in the study. Although there are no
formal quality checklists for evaluating utilities, appraising the quality of the data in terms of
reliability, validity and feasibility is important to assess whether the utilities are suitable for

use in economic analyses (182).
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i) Validity

A three-part approach was used to assess the validity of the utilities. The first part concerns
the validity of the economic measures applied to elicit the utilities. There is extensive
literature (4, 178) to support the validity and reliability of choice-based techniques (standard
gamble) and the EQ-5D instrument (325) in many populations and conditions, including

breast cancer. The derived utilities therefore meet with this first criterion.

Second, convergent or empirical validity between the three methods was assessed by
comparing the rank order of the health states, with standard gamble utilities hypothesized to
be higher than those elicited using the VAS a priori (178). A logic test was also included to
test internal consistency. Whilst the rank order between the seven health states was expected
to vary between individual women, the utility for active monitoring (10%) should, in theory,
be at least as or more preferable than an active monitoring state with a worse prognosis (20%

or 40%).

Third, the health descriptive systems were assessed in terms of content, face and construct
validity. Descriptive validity was evaluated directly by patient and expert feedback and
refinement during the piloting of the vignettes and study questionnaire, as described in the

pilot section earlier in the chapter.

ii) Reliability

The reliability of the derived utilities was ascertained by demonstrating that the values were
consistent and based on adequately informed choices. Focus group feedback and interviewer
judgement was used to appraise participant understanding of the vignettes and tasks.

Reliability was also objectively measured by asking participants to rate the difficulty of the
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tasks on a Likert scale in the final section of the questionnaire. Limited test-retest reliability
was performed for the six women who agreed to participate in both the pilot and main study

analyses and results were deemed within the expected range for patients (0.2 SD) (245, 248).

iii) Feasibility

The vignettes and questionnaire were extensively piloted and reviewed by patients, clinicians
and advisory committees, to ensure that the tasks were reasonable and simple enough to
administer. Additional feasibility checks were included through both qualitative feedback
from the focus groups and quantitative measurement of perceived difficulty at the end of the
interview. Study participation rates, completion time and degree of missing data were used as

a proxy to determine the practicality of the methods (238).

5.6 Conclusion

In this chapter the methodology for the development of an empirical study valuing the
treatment of low-risk DCIS was reported. The first half of the chapter focused on the
methodological issues in health state valuation, particularly with regards to the application
and uncertainty surrounding the risk of overdiagnosis. The second half of the chapter was
dedicated to the development of the vignettes and study questionnaire. The VAS, SG and EQ-
5D were chosen as the most appropriate methods to derive the utilities of treatment using risk
in the vignettes, with patient and non-patient preferences being used to analyse the data. The

findings of the empirical study are presented in the next chapter.
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CHAPTER SUMMARY

What is known

e Current breast cancer estimates of utility do not capture the risk of overdiagnosis
and overtreatment in the valuation process.

e An empirical study seeking to capture the benefits and risks is necessary to
inform the economic evaluation of breast cancer screening and treatment
programmes.

e Low-risk DCIS managed via standard surgery and active monitoring (LORIS)
provides an ideal case-study in which to explore preferences related to the

benefits and harms of treatment.

What this chapter adds

e The methods for an empirical study aiming to address these limitations were
described in detail.

e Standard gamble and EQ-5D were determined as the best approaches to
facilitate the incorporation of risk into the valuation process alongside a choice-
based technique (NICE recommendations).

e The validity, reliability and feasibility of the instruments chosen were justified
and extensively piloted by patients, academics and clinical experts to ensure

content validity.
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CHAPTER 6

Results of an empirical study valuing health states for low-risk

ductal carcinoma in situ

6.1 Introduction

This chapter presents the results of the empirical study, the methodology of which was
described in the previous chapter. It covers an in-depth analysis of the utilities in relation to
the population and methods used to derive them, and a comparison with values for in situ
cancer treatment and active monitoring reported previously in the literature. The chapter
concludes with a critique of the study validity, strengths and limitations, and consideration of
the potential implications of the main findings. The results were presented in part, prior to the
publication of the thesis, at the 4™ World Congress on Controversies in Breast Cancer
Congress in Melbourne, Australia (October 2018), and Health Economists’ Study Group

meeting in Norwich, United Kingdom (July 2019).

6.2 Overview of the empirical research

The objective of the empirical study was to quantify women’s preferences for managing low-
risk ductal carcinoma in situ. As outlined in Chapter 5, utilities were elicited for seven
hypothetical health states describing treatments for low-risk ductal carcinoma in situ, with the
risk of overdiagnosis or cancer progression explicitly stated within the vignettes. Women
were recruited via two breast cancer registries (BCNA and Lifepool), over a six-month period

between April and September 2018. Both patient (DCIS/early invasive breast cancer) and
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non-patient preferences were obtained from women so that any potential differences between

those with varying levels of disease education or experience could be explored.

Women were invited via email and were encouraged to contact the primary researcher to
arrange an interview if interested in participating. All interviews were conducted by the
primary researcher (HB) in Melbourne, Australia; either at the university, a local community
facility or via online teleconferencing software for those unable to travel. Participants were
asked to value each of the health states in turn, as part of a questionnaire, using three
measures of utility: visual analogue scales, standard gambles and the EQ-5D-5L. Socio-

demographic data and a history of breast cancer were examined as predictors of utility.

The following section provides a breakdown of the questionnaire response rates, followed by
a summary of the socio-demographic characteristics of each of the sample groups and

associated mean and median utilities elicited using the three different instruments.

6.3 Results

6.3.1 Sample characteristics

A total of 929 women were invited to participate in the main study analysis, with a further 36
women identified through snowball sampling. One duplicate invitation sent out by both the
BCNA and Lifepool registries was excluded. Out of the 254 (26%) responses, 172 (68%)
eligible women attended and completed the interview in full and were included in the final
analysis. A summary of participant response rates and completion at each stage is provided in

Figure 6.1.
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Invited to participate
BCNA =463, Lifepool = 466

Snowball = 36

Duplicate invitation

n=1

v

Individuals approached

n =964

No response

v

n=710

\ 4

Individuals recruited

n=254

Unable to interview = 46

No further reply = 20

v

v Replied after deadline = 10

Individuals interviewed Undergoing treatment = 5

n=172 Excluded (underage) = 1

(94 patients, 78 non-patients)

Figure 6.1: A flow chart of patient recruitment and participation in the main study

Utilities were obtained from 172 women (94 patients and 78 non-patients) who all
successfully completed the interview in full. Patients took slightly longer to complete the
interview compared to non-patients (56 vs 45 minutes) but reported fewer cognitive

difficulties in understanding the tasks (33% versus 40% rated difficult or very difficult).
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Table 6.1 shows the key characteristics of the sample. Although there were no significant
differences between the two groups with respect to socio-demographic variables, women
without a history of breast cancer reported lower levels of worry, were more likely to
consider active monitoring and were slightly younger than patients on average. The
demographics in the patient group were also generally representative of the female breast
cancer population in Australia (37), where the average age of a first diagnosis is 61 years.
However, screening participation in the sample was above the national average in both
patient and non-patient sample groups (2), reflective of the recruitment of women from

registries engaged in breast cancer research.

6.3.2 Utilities

Utilities are scaled from 0-1 (on a spectrum equivalent from being dead to in perfect health),
so that values closer to 1 are indicative of a stronger preference for the reported health state.

For all utility measures of health states under various scenarios, higher utility values indicate

a more positive view (i.e. a preference).

6.3.2.1 VAS

Patient and non-patient values for the VAS are presented in Table 6.2. For both groups, the
median utilities were higher than the means reflecting the skewed distribution of response
values. The exception to this was for breast conserving surgery alone, which was rated more
favourably by patients using the VAS (0.691, SD 0.19). There was considerable variability in
the utilities elicited between individuals, with the widest dispersion around mean and median
values observed for mastectomy and progressed DCIS among patients. Patients also had a
stronger preference for invasive treatment compared to non-patients but valued active

monitoring slightly lower, the difference of which was significant on statistical testing.
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Table 6.1: A comparison of participant demographics with associated p value

Demographic Patients Non-patients P value
n =94 (%) n =78 (%)
Age in years: Mean (SD) 66.2 (6.7) 58.7(11.9) 0.007
Education level: n (%)
Secondary school 14 (15) 79 0.094
Certificate or diploma 23 (25) 16 (21)
Undergraduate degree 19 (20) 29 (37)
Postgraduate degree 38 (40) 26 (33)
Socio-economic income:
Low 12 (13) 6 (8) 0.356
Middle 25 (27) 16 (21)
High 44 (46) 47 (60)
Prefer not to say 13 (14) 911
Relationship status:
Single 9 (10) 13 (17) 0.432
Married 67 (70) 52 (67)
Separated or divorced 10 (11) 6(7)
Widowed 8(9) 5(6)
Prefer not to say 0(0) 2 (3)
Current employment status:
Full or part time 40 (43) 42 (54) 0.032
Unemployed 2(2) 0(0)
Retired 48 (51) 28 (36)
Carer, volunteer or other 4(4) 8 (10)
Ethnicity:
Australian 69 (73) 61 (78) 0.286
New Zealand/Torres Strait Islander 44 4(5
European 11 (12) 6 (8)
Asian 303 5(6)
American 7 (8) 0(0)
Middle Eastern 0(0) 2(3)
Attended breast screening 76 (81) 59 (76) 0.408
Undergone a breast biopsy 94 (100) 15 (19) 0.000
Breast cancer diagnosis:
DCIS 33 (35) - N/A
Invasive breast cancer 61 (65) -
*Treatment received:
Breast conserving surgery 65 (69) - N/A
Mastectomy 39 (41) -
Adjuvant radiotherapy 54 (57) -
Endocrine therapy 56 (60) -
Chemotherapy 36 (38) -
Sentinel lymph node 56 (60) -
Worried about breast cancer:
Not at all 23 (24) 32 (41) 0.015
A little 49 (52) 35 (45)
Some of the time 15 (16) 10 (13)
A lot or all the time 7(8) 1 (1)
Difficulty of questionnaire
Very easy or easy 44 (37) 35 (45) 0.296
Neither easy nor difficult 19 (20) 12 (15)
Difficult or very difficult 31(33) 31 (40)
Would consider active monitoring? 57 (61%) 76 (97%) 0.000
Mean 10-year risk of recurrence free survival for 84.0% (0.22) 72.0% (0.16) 0.000

active monitoring women were happy to accept (SD)

*Totals add up to greater than 100% as some patients received multiple treatments



Table 6.2: Visual analogue scale utilities

Patient Mean Patient Median Non-patient =~ Non-patient
Health state (VAS) (SD) (IQR) Mean (SD) = Median (IQR)
A: Breast conserving 0.691 (0.19) 0.703 0.623 (0.20) 0.649
surgery alone (0.600-0.800) (0.500-0.750)
B: Breast conserving 0.615 (0.23) 0.638 0.575 (0.19) 0.589
surgery and radiotherapy (0.500-0.800) (0.474-0.706)
C: Mastectomy (+/- 0.567 (0.23) 0.553 0.454 (0.22) 0.456
reconstruction) (0.400-0.750) (0.300-0.600)
D: Active Monitoring 0.547 (0.25) 0.550 (0.400- 0.696 (0.16) 0.700
(40% risk of progression) 0.710) (0.611-0.800)
E: Active Monitoring 0588 (0.25) 0.618 0.733 (0.15) 0.750
(20% risk of progression) (0.450-0.800) (0.680-0.850)
F: Active Monitoring 0.645 (0.25) 0.693 0.775 (0.14) 0.800
(10% risk of progression) (0.450-0.875) (0.722-0.875)
G: Disease progression 0.498 (0.26) 0.500 0.519 (0.22) 0.500

(0.300-0.700)

(0.313-0.700)

6.3.2.2 Standard gamble

The SG values are presented in Table 6.3. Utilities were highest for active monitoring health
states followed by surgery, radiotherapy and progressed disease in both populations. The
utilities for most health states describing low-risk DCIS were close to full health, as indicted
by the negative skew of the data, but more invasive treatments were associated with worse
quality of life. This ceiling effect was more pronounced among patients, where a difference

of only 0.090 was observed between the best and worst ranked health states (B/C and F).

Table 6.3: Standard gamble utilities

Patient Mean Patient Median Non-patient =~ Non-patient
Health state (SG) (SD) (IQR) Mean (SD) Median (IQR)
A: Breast conserving 0.820 (0.18) 0.900 0.740 (0.21) 0.800
surgery alone (0.800-0.900) (0.600-0.900)
B: Breast conserving 0.790 (0.19) 0.875 0.700 (0.21) 0.700
surgery and radiotherapy (0.700-0.900) (0.600-0.900)
C: Mastectomy (+/- 0.790 (0.19) 0.900 0.650 (0.23) 0.700
reconstruction) (0.700-0.900) (0.500-0.800)
D: Active Monitoring 0.850 (0.14) 0.900 0.870 (0.13) 0.900
(40% risk of progression) (0.900-0.950) (0.900-0.950)
E: Active Monitoring 0.870 (0.13) 0.900 0.890 (0.11) 0.950
(20% risk of progression) (0.900-0.950) (0.900-0.950)
F: Active Monitoring 0.880 (0.13) 0.900 0.890 (0.11) 0.950
(10% risk of progression) (0.900-0.950) (0.900-0.950)
G: Disease progression 0.810 (0.17) 0.900 0.740 (0.22) 0.800

(0.700-0.900)
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6.3.2.3 EQ-5D

The EQ-5D-5L demonstrated the most consistent ranking of health states in both populations.
As expected, utilities increased in line with a decrease in the risk of disease progression or
reduced intensity of treatment (Table 6.4). The values of patient and non-patients using the
EQ-5D were numerically similar, and no statistically significant differences were found

within or between the two groups for any of the health states using this method.

Table 6.4: EQ-5D-5L utilities

Patient Patient Non-patient =~ Non-patient
Health state (EQ-5D) Mean (SD) Median (IQR) Mean (SD) Median (IQR)
A: Breast conserving 0.767 (0.17) 0.768 0.800 (0.14) 0.817
surgery alone (0.696-0.848) (0.681-0.879)
B: Breast conserving 0.699 (0.19) 0.729 0.700 (0.19) 0.724
surgery and radiotherapy (0.592-0.837) (0.592-0.837)
C: Mastectomy (+/- 0.606 (0.23) 0.649 0.578 (0.23) 0.614
reconstruction) (0.531-0.748) (0.510-0.728)
D: Active Monitoring 0.819 (0.15) 0.848 0.840 (0.15) 0.879
(40% risk of progression) (0.791-0.879) (0.848-0.879)
E: Active Monitoring 0.826 (0.16) 0.879 0.863 (0.12) 0.879
(20% risk of progression) (0.848-1.000) (0.848-1.000)
F: Active Monitoring 0.863 (0.15) 0.879 0.884 (0.13) 0.879
(10% risk of progression) (0.848-1.000) (0.879-1.000)
G: Disease progression 0.558 (0.28) 0.622 0.553 (0.27) 0.624

(0.388-0.745)

(0.422-0.736)

The utilities for active monitoring health states (whereby the risk of potential unnecessary
treatment is reduced) were primarily driven by the lack of impairment in the four dimensions
beyond the anxiety/depression dimension, as shown in Figure 6.2, whereas the conventional
treatment health states were perceived to impact on all five dimensions of health. This
resulted in lower values for the health states involving intensive treatment (A-C), where the
perceived harm of overtreatment from surgery and radiotherapy or progressed disease (G)
may be more extreme, because this was perceived to have impacted upon all five dimensions

of the EQ-5D-5L as opposed to the health effects of anxiety/depression in isolation.
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Figure 6.2: EQ-5D-5L Profile of participants estimating any level of impairment (%)

(Legend: BCS: Breast conserving surgery, Rtx: Radiotherapy, Mastec: Mastectomy, AM:
Active monitoring, Progressed: Progressed DCIS, Dep: Depression)

6.3.3 Comparison of populations

Overall, both patients and non-patients had the strongest preference for active monitoring
followed by breast conserving surgery alone, breast conserving surgery with radiotherapy,
mastectomy and lastly treatment for progression. The only exception to this was for the VAS
rating where breast conserving surgery alone was rated more favourably by patients (Mean
VAS: 0.691, SD 0.19). As expected, the mean utilities of active monitoring increased in both
groups as the risk of disease progression decreased from 40% to 10%. Utilities for most
health states describing the management of low-risk DCIS were close to perfect health, as
indicted by the upward skewed data, but more invasive treatments were associated with
worse average quality of life (mastectomy: 0.454, breast conserving surgery with adjuvant

radiotherapy: 0.575), particularly in the non-patient group.
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6.3.4 Variation in preferences

Whilst there was no evidence to suggest that health states were ranked differently by
individuals by the instrument used, there were differences in the grouped utilities derived
between the two populations. Patient utilities were significantly higher than non-patient
utilities for conventional treatments and lower for monitoring states using the VAS and
standard gamble, but there were no group differences for any health state using the EQ-5D-

SL (Table 6.5).

Table 6.5: Statistical comparison between patient and non-patient utilities (P values)

Health state P (VAS) P (SG) P (EQ-5D)
A: Breast conserving surgery alone 0.017 0.005 0.260
B: Breast conserving surgery and radiotherapy 0.205 <0.001 0.925
C: Mastectomy (+/- reconstruction) 0.002 <0.001 0.221
D: Active Monitoring (40% risk of progression)  <0.001 0.121 0.138
E: Active Monitoring (20% risk of progression)  <0.001 0.123 0.149
F: Active Monitoring (10% risk of progression) 0.002 0.253 0.302
G: Disease progression 0.607 0.022 0.732

Paired testing of mean and median patient values found statistically significant differences
between the overall utilities reported for monitoring and surgery (i.e. patients with a
preference toward surgery reported lower values for active monitoring). Regression
suggested that socio-demographic factors accounted for less than 5% of the variability, but a
lower risk threshold for progression and history of invasive breast cancer did seem to
significantly impact upon utility in favour of more aggressive treatment, regardless of the risk
of overdiagnosis included. Reported task difficulty did not have a significant impact upon
utility in either sample, but responses were highly heterogeneous, and the sample may not

have sufficient power to detect differences in those who may not have understood the task.
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6.3.5 Validity, reliability and feasibility of the approaches

The validity of the utilities derived was assessed in three parts. First, the economic measures
applied used validated methods from the literature (178). Although the use of indirect
methods alongside vignettes is less common, caution was applied in the construction of
health states to ensure they reflected the treatment and not the dimensions of the EQ-5D
(empirical validity). Second, descriptive validity was ensured through extensive piloting and
refinement of the vignettes with clinicians and patient focus groups. Third, despite small
differences in the utilities derived between different populations, the three methods
demonstrated reasonable convergent validity (Appendix 8) and logical consistency in ranking
across the seven health states among individuals (40% progression was ranked equal to or

worse than the 10% risk by all women as expected).

Focus group feedback from the pilot study and interviewer judgement was used to appraise
participant understanding of the vignettes and task reliability. Test-retest reliability among the
six women participating in both the pilot and main study analyses were within expected level
of agreement (0.2 SD) (148) and only 11 (6%) participants rated the tasks as “very difficult”

on a Likert scale.

Finally, the study demonstrated reasonable feasibility due to the face-to-face nature of the
interviews, despite some participants finding the task cognitively challenging. This was
reflected in the lack of missing data, high completion rate and general consistency in the

ranking between the three methods.
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6.3.6 Comparison to utilities from the literature

Utilities for health states describing surgical or radio-therapeutic management of DCIS or
recurrence in our study were lower than those previously elicited from the literature, where
women may not have been informed that there was a chance the treatment may have been
unnecessary. Figure 6.3 compares the mean utilities reported in three studies from the
literature which had derived utilities for DCIS (148, 248, 254) versus those elicited in this
study. For comparability, the utilities derived using standard gambles, vignettes and non-
patients are shown. Although the methods used by Hayman (248) varied in the gamble
anchor, the utilities in this empirical study (labelled as “Bromley 2019”’) were consistently
lower than in others where the risk of overdiagnosis was not made explicit. Although other
sampling or methodological differences might also have contributed to the variation in
utilities between the studies, it is possible that the description of overdiagnosis in the

vignettes may have contributed toward this at least in part.

BES alone —
Mastectomy —
Utility ¢ 0.2 0.4 0.6 0.8

| OBromley 2019 ®Kim 2017 =Hayman 2005 BHayman 1997 |

Figure 6.3: Comparison of standard gamble utilities (non-patient) for treatment
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6.4 Can the disutility associated with overdiagnosis be estimated?

The disutility associated with the overdiagnosis of breast cancer has not been quantified in
the economic literature, despite widespread acknowledgement that this harm exists (326). In
this next section, this thesis will explore whether this harm may be isolated and estimated
using the empirical data collected. It is hypothesised that if the harm associated with
overdiagnosis arises from the potentially unnecessary treatment that ensues, then this harm

might be captured by the difference in the disutilities for treatment with and without this risk.

Thus far this chapter has presented the utilities for the different health states associated with

the treatment of low-risk DCIS. The findings suggest:

1. Most women report higher utilities for less intensive treatment (active monitoring)
compared with standard treatment.

2. The probability of overdiagnosis or progression described correlate with the utility
reported (i.e. vignettes with a higher risk are more likely to have lower utility).

3. Utilities in this study are lower than in other studies of DCIS using comparable
populations and methods, and may be due in part to the explicit description of

potential overdiagnosis in the vignettes.

The results suggest that the risk of overdiagnosis may be important in the assessment of
benefits and harms (in terms of QALYSs), although the utilities in this study may also have
been affected by other methodological variables (e.g. country of origin, recruitment,
interview technique etc.). Nonetheless, the consistency in the values elicited in the empirical
study in both patients and non-patients using three different methods demonstrate that the

harm from unnecessary treatment is likely to be important in the decision-making process.
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The findings thus far have only detailed the utilities associated with the different treatments
for low-risk DCIS, explicitly including the benefits and risks in the vignettes. Yet the harm
from overdiagnosis itself corresponds the utility detriment, or disutility, incurred from
undergoing a treatment which may have been unnecessary. This may be calculated as 1-
utility for the corresponding health states (327). It would be naive to suggest that the utilities
collected have completely captured the harm of overdiagnosis in isolation. Women can never
truly know whether they are the subject of overdiagnosis and therefore can never really know
whether they have been overtreated. DCIS is different to invasive cancer in that women must
make decisions about treatment with imperfect information. Therefore, the real harm of
overdiagnosis arises from the disutility associated with the additional loss in quality of life

from the risk of unnecessary treatment.

Theoretically, this may be represented by the difference between how women value utility for
treatment that might not have been needed (immediate surgery) and treatment that does not
carry this risk (active monitoring). The interval between these two values thus embodies the

disutility of unnecessary treatment (decision regret) for each individual (184).

The mean disutility of unnecessary treatment for a population may be calculated as:

Equation 1: >(1-Ust) — (1-Uam)/n

Where n is the number of observations, Uawm is the utility of active monitoring (10%) and Usr

is the utility of standard treatment for each individual. Both the best valued surgical state (A-

C) and usual treatment of BCS with radiotherapy (B) were substituted for Usr in exploring
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the methodological feasibility of this approach. The equation, (1-Usz) — (1-U4n), may also be

rearranged to calculate the median and uncertainty around the estimates.

Consider one patient who reported VAS values of: 0.750 for BCS alone, 0.600 for usual
treatment (BCS+RT) and 0.900 for AM (10%). The disutility of unnecessary treatment may
be calculated as: (1-Usrt) — (1-Uam) which is equal to: (1-0.750) — (1-0.900) = 0.150 if the
best treatment state is considered, or (1-0.600) — (1-0.900) = 0.300 if conventional treatment
with BCS with radiotherapy is used. This is then done for each woman in the population
sample, summed and then divided by the total number of women in each group so that the

results can be aggregated to a mean estimated disutility.

Table 6.6 summarises the overall disutilities calculated for each population and method using
the best surgical and usual treatment utility values. Interestingly, patients using the VAS
reported a gain in utility from undergoing immediate treatment compared to active
monitoring if their preferred treatment option was chosen (e.g. BCS alone/mastectomy), or
else they incurred no disutility if standard treatment (BCS with radiotherapy) was used as the
comparator. In contrast, non-patients reported a mean VAS disutility of 0.130-0.200 from

undergoing treatment that may not have been necessary compared with active monitoring.

Table 6.6: Disutilities associated with unnecessary treatment from overdiagnosis

Patient Patient Non-patient Non-patient
Method Mean (SD) Median IQR) Mean (SD) Median (IQR)
VAS (best surgical) -0.123 (0.28)  -0.054 (0.35)  0.130(0.21) 0.118 (0.20)
VAS (BCS + RT) 0.030 (0.30) 0.000 (0.33) 0.200 (0.23) 0.118 (0.27)
SG (best surgical) 0.037 (0.14) 0.000 (0.05) 0.148 (0.20) 0.199 (0.25)
SG (BCS + RT) 0.090 (0.18) 0.000 (0.15) 0.203 (0.22) 0.125 (0.35)
EQ-5D (best surgical)  0.042 (0.17) 0.071 (0.29) 0.040 (0.15) 0.042 (0.14)
EQ-5D (BCS + RT) 0.164 (0.19) 0.163 (0.22) 0.184 (0.21) 0.165 (0.25)
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Most women reported losses in quality of life from having more invasive and potentially
unnecessary treatment. This trend is supported in both patients and non-patients using the
disutilities derived from the SG and EQ-5D-5L. There was a quantifiable harm from
undergoing management for DCIS which carried the risk of overtreatment, whereby the
estimated disutility might be as little as 0.037 or as high as 0.203. In general, the disutility
was higher if active monitoring was compared against conventional treatment (BCS with
radiotherapy), as some women reported smaller losses from less intensive treatment (BCS
alone) or definitive management (mastectomy). This was also reflected at the individual
level, where a few women who had undergone mastectomy or those who had reported higher
breast cancer worry reported a gain in utility from having immediate surgery, regardless of

whether it was ultimately necessary or not.

6.5 Discussion

6.5.1 Summary of main findings

This chapter has explored different methods to derive the utilities associated with DCIS,
explicitly including the risk of overdiagnosis and unnecessary treatment in the valuation
process. In general, mean and median utilities were greatest for health states minimising the
risk of potential overtreatment (active monitoring). The exception to this was for breast
conserving surgery, which was rated more favourably by patients using the VAS. Direct and
indirect utilities varied in magnitude (standard gamble > EQ-5D > VAS), with the standard
gamble yielding the highest values, consistent with the health economics literature (12). The
EQ-5D demonstrated the most consistent ranking of the vignettes across populations. The
disutility associated with unnecessary treatment derived from these values varied from -0.123

to 0.203 depending on the methods and sub-group.
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Overall, the utilities in this study were lower than those produced in other studies of DCIS
(148, 248, 254) or cancer surveillance (289). Whilst there is no single set of ‘true’ values for
health states or profiles, it is important to consider the instrument, variant and perspective
used to collect them (178). In this study, vignettes explicitly describing the benefits and
harms for breast cancer treatment were used to elicit utility and to clearly incorporate the risk
of overdiagnosis in the valuation process, and the results suggest this did impact upon

women’s preferences.

The standard gamble has been used in three other studies eliciting utilities for DCIS (148,
248, 254) and two studies that valued active monitoring (289, 290). Two (148, 248) used a
modification of the traditional standard gamble, known as partial cascading, to avoid
repeatedly having to confront participants with dead as the worst outcome, due to the low-
risk nature of the disease. Instead, participants were asked to rank the vignettes on a visual
analogue scale, and the lowest ranked health state was used as an intermediate anchor state
instead of dead. The worst health state was then valued relative to dead and perfect health, as
in a traditional standard gamble, to realign derived utilities onto a perfect health-dead (0-1)

scale (16).

Whilst this adaptation does negate the potential ceiling effects associated with the
conventional standard gamble (140), there are methodological issues observed in modifying
the technique. Llewellyn-Thomas et al. (328) argue that replacing the anchors of the gamble
with an intermediate health state can systematically bias utilities upward due to the re-
framing effect of the gamble. A change in utility has been observed in other chained gambles
relating to the anchoring and salience of the method-order of the intermediate health states

substituted (329). A conventional standard gamble was used in this study as piloting
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suggested a chained approach would add unnecessary cognitive complexity. The rank order
of the worst health state varied in our patient sample, and would have led to the double
counting of risks if monitoring health states had been substituted in place of ‘dead’ (e.g. 40%
risk in AM scenario plus the added risk from the gamble) and utilities outside the O to 1

range, had a chained standard gamble approach been applied.

Interestingly, use of the EQ-5D instrument was found to be the most consistent of the three
methods and able to differentiate the domains of health affected when treatment was de-
escalated in the vignettes. However, there are concerns regarding the sensitivity of the 5L in
oncological settings and the generalisability of the mapping conversion from the 3L using
another population index (330). The EQ-5D is also best placed to value actual rather than
hypothetical health, but it would have been unethical to ask women to value their own health
in the context of overdiagnosis until the risks associated with disease progression are
confirmed in clinical trials (27). It is unlikely that such a ‘snapshot’ of health would be able
to capture the uncertainty in the decision surrounding overtreatment. Further research
comparing vignettes with and without overdiagnosis or consecutive instrument valuation over

time is necessary to confirm this.

The disutility of overdiagnosis and overtreatment is unlikely to be appropriately accounted
for if unnecessary treatment is perceived to have the same impact as treatment that is
required. How then should overdiagnosis be valued in terms of utility if not through
vignettes? Monetary penalties have been applied in some economic models of mammography
screening (52), but it is unclear as to what compensation would adequately offset the harm of
unnecessary treatment. Furthermore, this approach does not negate the issue of valuing

treatment conceptualised as being necessary in the QALY weights applied.
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For many women, the harm of overdiagnosis is not perceived from having a diagnosis, as
most women want to know that they have a condition so that they can take the appropriate
action. Instead, the disutilities related to overdiagnosis are likely to arise from how the
condition is managed after the condition is detected and whether the treatment received was
appropriate (298). Ensuring information on benefits and risks are adequately communicated,
ether in vignettes or clinical practice, is key to valuing this concept and ethically moral. This
study addressed this issue by valuing health states which explicitly described both benefits
and uncertainties involved in the decision, and quantified the disutility as the difference
between utilities observed for treatment that may potentially be unnecessary and treatment

which does not carry this risk.

6.5.2 Perspective of the population

It is assumed that patients will give a higher value for health states than either clinicians or
the general population (331). The differences between the two samples in our study were
only significant for the VAS surgery and SG monitoring health states. Values for active
treatment (and overdiagnosis) were higher in patients than in women who had not undergone
breast cancer treatment. Although participants were asked to value the health states described
in the vignettes, it possible that the patient utilities were influenced by their own health. This
could occur through adaptation or the desire to validate their treatment, which they may have
been told was necessary by their doctors. This phenomenon was observed in another study
valuing breast cancer health states (248), where patients rated hypothetical scenarios

significantly higher than the general public, despite the same outcome of recurrence.

There was also considerable variation in individual responses within each group that could

not be explained by socio-demographic characteristics. The acceptability of active monitoring
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was highly dependent on risk trait or perceived anxiety about progression. Although on
average a 10% risk of progression in 10 years was an acceptable trade-off to most, some
women were willing to forgo the risk of possible side-effects associated with treatments for
mastectomy or radiotherapy to reduce local recurrence. Consequently, individuals may place
a higher value on a health state which they perceive as lifesaving or necessary, regardless of
the risk of overdiagnosis presented, if they are risk averse. This raises an interesting question
about whose utilities to use in economic evaluations, when individuals are given a choice of
different treatment options or only certain people may choose each option. The information
provided may change the preferred choice of women, as indicated by qualitative interviews of
early breast cancer management which found that providing information on overdiagnosis to
women changed stated preferences about treatment (299). Evaluations would ideally

incorporate variation around estimates to account for different values among women.

The utility associated with DCIS management was high regardless of the treatment decision,
and thus perhaps the focus ought to move from a single approach toward supporting informed
patient decisions. The acceptability of de-escalation or active monitoring was highly
dependent on the risk of progression and perceived anxiety. It is hard to predict the risk in an
individual patient, and therefore treatment is given in case it is beneficial (101). This study
shows that if the risk of progression is low, most women will choose monitoring over surgical
treatment, however, if the risk is high that number is substantially reduced. Ultimately, the
acceptability of active monitoring is dependent on defining these risks in clinical trials and

communicating oncologic outcomes to patients and those valuing health states.

There are no published utilities for active monitoring in the breast cancer setting but the

results are comparable to those elicited in prostate (289, 332) and cervical cancer screening
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(290). Active monitoring strategies have been successfully implemented in other low risk
cancer settings (333). The utilities derived in this study show theoretical acceptability of
DCIS surveillance, and are encouraging information for clinicians and policy makers aiming

to reduce the harms of overdiagnosis in the wider screening population.

6.5.3 Strengths and limitations

This main strength of this study is its methodological roots in exploring the feasibility of
economic measures to quantify the harm of overdiagnosis, which may have resulted in lower
utilities than those previously derived. Women were provided with health states which were
explicit in detailing the benefits and harms within the vignettes of treatment, and the results
may better reflect the value of treatment than those published to date. The methods were
justified through a rigorous and systematic review of the literature and applied validated
instruments or direct measures grounded in the axioms of utility theory. The methods adopted
have been previously applied to derive utilities for uncertain health states in other relevant

health conditions with risks, including other cancers identified through screening (281, 289).

Descriptive validity of the vignettes was carefully conducted to permit both direct and
indirect approaches to be used concurrently. Vignettes were piloted on clinical experts,
applied health researchers and patients to ensure they reflected the condition and not the
dimensions of the EQ-5D. Overdiagnosis was explicitly listed in the description to ensure
balanced information of potential benefits and harms was provided during the valuation
process. This balanced description was of importance in addressing the limitations identified

by a recent systematic review of breast screening valuation methods (284).
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This is the first empirical study to value the utility of active monitoring in breast cancer. This
is especially significant because it provides real-world data to suggest the acceptability of
more conservative management of DCIS. Many women may find active monitoring a
sensible alternative to surgery in terms of quality of life, which is likely to have significant
implications for future health policy. However, there was considerable variability in
individual preferences, and it is unclear what characteristics may be driving the different

preferences between women.

It should be noted that there are also limitations to this exploratory research. The standard
gamble can conflate the concept of health with risk aversion, and this ceiling effect was
observed in part in the patient population for some health states, although the impact of risk
was important in valuing uncertain health states. The time trade-off might have been
cognitively easier, but its assumptions are violated by this uncertainty in risk (16). The
standard gamble also assumed rationality but not all individuals may behave in a rational way
when presented with a cancer diagnosis (334). Cancer treatment decisions may be emotively
led where the perceived risk of recurrence supersedes other harms, whether the perceived risk
reflects the truth or not. This phenomenon was displayed by some patients who preferred
mastectomy over conservative management regardless of the risk of overdiagnosis or side-

effects presented.

It is difficult to justify the exclusive use of one perspective for the allocation of healthcare
resources. This study adopted a mixed approach to enable the methodological issues in
valuing overdiagnosis to be explored from two alternative perspectives. There are limitations
in the recruitment of women through breast cancer or screening groups who were likely to be

more motivated and educated about breast cancer and overdiagnosis than the general
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population. Similarly, the generalisability of the findings may not convey the true preferences
of the entire population given the eligibility criteria specified. However, health state
preferences are not fully informed if the participants do not have accurate expectations about
the consequences of ill health (335), and one could argue in favour of the use of subjects with

potential experience of overdiagnosis for exploratory methodological research.

6.5.4 Further research and policy implications

The utilities derived in this exploratory study suggest that the disutility of overdiagnosis does
seem to be quantifiable and important to women diagnosed with breast cancer. The results
imply that unnecessary treatment may have a negative impact on quality of life, but further
research is needed to validate this finding, and determine what impact this might have for

economic evaluations of breast cancer screening programmes.

When society knows more about the risks and benefits of de-escalated DCIS management
from clinical trials (27), the true ‘value’ of the health states may change. Further empirical
research to ascertain the effect of overdiagnosis on utility is necessary, by randomising the
population to value vignettes both with and without the description of overdiagnosis, or by
assessing how changes in the level of uncertainty reported in the vignettes corresponds to the

unknown risks associated with breast cancer.

The results may also have an impact on guiding future clinical practice or treatment policy.
Whilst clinical trials (e.g. LORIS) may provide much needed efficacy data on the value of de-
escalating treatment (336), the potential policy implications of adopting such approaches is
thus far unknown. The utilities from this empirical study can be used to inform the economic

evaluation of screening or treatment programmes and estimated policy implications of
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implementing a risk-stratified approach to managing DCIS. More research is necessary to
investigate the potential oncologic outcomes of balancing treatment with monitoring and to

ascertain what a surveillance protocol might look like prior to offering it to patients.

6.6 Conclusion

The utilities derived in this study show theoretical acceptability of DCIS monitoring, under
certain conditions. The findings suggest that, when trading off benefits and risks in deciding
about treatment, some women consider improved quality of life through conservative
management and the avoidance of potentially unnecessary treatment to be as important as
reducing local recurrence. Active monitoring of low-risk DCIS also appears to be an
acceptable choice for reducing the harm of overdiagnosis in terms of utility. The magnitude
of the disutilities for less invasive therapy suggest that active monitoring may be as cost-
effective as standard treatment but further validation in an economic evaluation or clinical

trial is required.

Overall, this chapter raises important methodological issues associated with valuing
overdiagnosis and overtreatment, including conditions where the truth about benefits and
risks may be commonly withheld from patients, or a patient’s perception of their health is
influenced by their doctors. Whilst some economic methods are limited in their ability to
capture this risk, vignettes appear to be a feasible method of overcoming such limitations to
capture the harm of overdiagnosis using both direct and indirect approaches. Further
empirical testing is necessary to quantify and validate this. The following chapters will
explore the application of the derived utilities in an economic model to ascertain the impact
of overdiagnosis on treatment decisions. A qualitative analysis of the factors influencing

patient utilities (and disutilities) from the empirical study is then presented in Chapter 9.
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CHAPTER SUMMARY

What is known

Utilities for seven health states describing the treatment of low-risk DCIS were
elicited from patients and non-patients using the VAS, SG and EQ-5D-5L.

Both benefits and harms (e.g. risk of overdiagnosis) were made explicit in the
health state descriptions.

Socio-demographics and a history of breast cancer were examined as predictors of

utility.

What this chapter adds

In general, both patient and non-patient utilities were more favourable toward less
intensive treatments for low-risk DCIS (active monitoring).

Values were highest for SG > EQ-5D-5L > VAS in general (consistent with the
health economics literature), although the EQ-5D-5L produced the most consistent
ranking of health states between individuals in both groups.

Utilities for health states in which the risk of potential overtreatment was made
explicit were lower than those from the literature, where women may not have been
made aware that the treatment may have been unnecessary.

The estimated disutility associated with overdiagnosis is quantifiable and varied

from -0.123 to 0.203 dependent on the method and population used.
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CHAPTER 7

A targeted systematic review of economic evaluations for the
treatment of ductal carcinoma in situ

7.1 Introduction

This chapter presents a targeted systematic review of economic evaluations for the treatment
of DCIS. The objective of the review was to identify the available modelling approaches in
the literature to inform the design of an economic model in which the utilities from Chapters
5 and 6 could be applied. The chapter begins with an introduction of the types of models
available for use in the economic evaluation of healthcare. The methods and results of the
systematic review are presented next. Finally, the chapter concludes with a discussion of the
most suitable approach identified by the review to apply in the design of an economic model

representative of the LORIS trial.

7.2 Overview of modelling approaches

Economic evaluation is increasingly used to inform health policy decisions (4). As observed
in Chapter 3, economic analyses may be conducted alongside a clinical trial or applied in a
decision analytic model to predict the long-term outcomes and costs. Decision analytic
models are used in health economics to consider the cost-effectiveness of alternative
healthcare interventions beyond the direct application of observational data (337). Economic
modelling is useful in the prediction of costs and benefits beyond the data observed in clinical
trials, in extrapolating the results for an intervention from one clinical setting to another, and
for informing resource allocation decisions in the absence of hard data (e.g. a pre-trial

analysis of active monitoring for low-risk DCIS) (338).
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The primary purpose of this chapter is to assess the evidence informing the cost-effectiveness
of different interventions for DCIS treatment, with a specific focus on the model structures
used and data inputs required. However, before presenting the methods and results of the
systematic review, a brief overview of the main modelling approaches applied in economic
evaluation are presented to ensure that the methods identified are appropriately defined and

characterised.

7.2.1 A taxonomy of economic models

There exist several different models for undertaking economic evaluation in healthcare.
According to Brennan et al. (339), economic models may be broadly classified into four main
categories dependent on the relationship between the analytical approach and capacity for
population interaction. These are: decision trees and Markov models, individual state-

transition models, system dynamics models and discrete event simulation (Table 7.1).

Table 7.1: A taxonomy of economic models

Cohort analysis Individual analysis
No interaction allowed | Decision tree, Markov Individual sampling model
cohort
Interaction allowed System dynamics model Discrete event simulation

7.2.1.1 Decision trees
Decision trees are among the most widely used aggregated model due to their simplicity and
familiarity (337). As illustrated in the example tree in Figure 7.1, all possible patient

pathways and outcomes are shown with appropriate probabilities and output measures. The
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chance of following any path is determined by the preceding node. Decision nodes (square)
illustrate the choice of intervention (e.g. screening versus no screening) and chance nodes
(round) represent the uncertainty of outcomes following the decision. Terminal nodes
(triangles) represent the final outcomes. For example, in Figure 7.1 for an individual screened
with cancer the upper branch for a true positive test is compared with the lower branch for a
true negative test. The final cost-effectiveness for each strategy is then calculated by rolling
back the expected pay outs from each tree, working from right to left. In general, decision
trees are useful if the time frame is short and the intervention is simple, for example the

decision to have a simple diagnostic test or not (7).

Test positive

<] 4574\048
Have cancer P(sensitivity)
P cancer Test negative

<] 9108\0.45

Screening 1-P_sensitivity
Test positive
<] 96\
- No cancer #
Decision to attend
SCTEEng # Test negative 4
1240.94
P_cancer= -y
— F_specifici
0.004 —Speciicily
P_sensitivity = Have cancer
0.829 _ <] 90961045
P_specificity = No screenng P_cancer
p.855 No cancer
<] 0\D.89

Figure 7.1: An example decision tree

7.2.1.2 Markov models

Markov models analyse uncertain decisions over time (7). Unlike decision trees, they allow
for more complex health transitions and are suitable for decisions where the timing of events
is important or a set of outcomes reoccur over time (340). Markov models are based on a
series of ‘health states’ that an individual can occupy at a given point in time, with the

probability of occupying the given state assessed over a series of discrete time periods or
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cycles (4). The model is run for a specified number of cycles, and patients move between
health states (defined by transition probabilities) or remain in their current health state,
accruing costs and rewards as they progress through the model. An example of a Markov

model for cancer treatment is shown in Figure 7.2.

Active
Treatment

PCa
Recurrence

PCa
Recurrence
Free

Active
Surveillance

PCa
Diagnosis

Overall
Death

Figure 7.2: A Markov model for prostate cancer treatment (sourced from: (341))

The major benefit of the Markov model is that it allows for recurrent events and the analysis
of costs and effects over a longer period of time (179). Such assumptions are useful in
modelling chronic conditions (e.g. COPD) (342) and long-term cyclical events (e.g.
menstrual bleeding) (343). However, they do not permit interaction between individuals, and
future health transitions are limited by the current health state rather than prior events (6).
Whilst such restrictions may be overcome through the addition of temporary or ‘tunnel’

states, they add significant complexity to the model and are unable to store patient history (4).
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7.2.1.3 Individual sampling models

An alternative to Markov cohort analysis is to model individual patients as they progress
through the model. Individual sampling models (ISMs) can incorporate memory into the
model through microsimulation, permitting specific individuals and thus future probabilities
to combine past events (337). For example, cancer microsimulation may use trackers so that
transition probabilities (e.g. probability of developing metastases) may depend on previous
interventions (adjuvant radiotherapy) or events (number of recurrences). Similarly, individual
sampling allows individuals to progress independently of each other, whereby patients within
the population may have potentially heterogenous characteristics that may affect their
progression through the model (7). Such assumptions are helpful in conditions where past
medical history or individual risk factors might influence disease progression or recurrence.
However, ISMs do not allow for any interaction between individuals and thus may not be
helpful in certain conditions such as infectious diseases. They are also more computationally

and time demanding to construct and less amenable to sensitivity analysis (337).

7.2.1.4 System dynamic models

Dynamic transition models allow for some sort of interaction between individuals within the
model, unlike the models discussed thus far. Consequently, they are particularly useful in the
context of infectious disease modelling (344), where the incidence of new infections may
depend on the existing number of individuals who are infected (stocks) and rates of disease
transmission and recovery following interaction with others in the population (flow). Whilst
system dynamic models allow for some aggregated individual interaction, they treat
individuals as continuous variables so can only include a limited account of their past medical

histories (337).
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7.2.1.5 Discrete event simulation

In contrast to system dynamic models, discrete event simulation (DES) works at the
individual patient level, permitting full representation of every individual’s history and
complex interaction between specific individuals in the model. DES can accommodate a
larger number of individuals in each health state and variability over time by modelling
outcomes as time to event (4). The advantage of DES is that it can overcome the limitations
of individual sampling models in that more heterogeneous patient characteristics and histories
may be modelled, but this requires specialist computational skills and processing power to
run and may not always be worthwhile if the simulation makes no difference to cost-

effectiveness results (337).

7.2.2 Economic models and DCIS

Decision modelling is an important vehicle for economic evaluation and identifying the
appropriate type of model is an important aspect of the decision modelling process.
Generally speaking simplicity in models is an advantage (4). However, the model structure is
also dependent on the nature of the condition and impact of the interventions. Barton et al.
(337) suggest that the key initial consideration is whether individuals are regarded as
independent from one another. Where interaction between individuals is not important then
the decision may be restricted to a decision tree, Markov model or ISM, and is dependent on
the pathways and number of health states required. If individual-level modelling is necessary,

then system dynamics or DES modelling may be more appropriate.

How then is DCIS modelled in economic evaluations? In Chapter 4 it was observed that
overdiagnosis was not truly captured in economic evaluations of breast cancer screening

programmes. The benefits and harms associated with treating low-risk breast disease,
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specifically DCIS, were not adequately differentiated from that of invasive breast cancer. In
order to apply the utilities derived in the empirical study which sought to address these
limitations, an economic vehicle is required to demonstrate their use. A range of modelling
approaches have been applied previously to evaluate breast cancer screening and treatment
strategies including Markov models, individual sampling models and DES (187). However,
there has been little research undertaken to explore the appropriateness of the economic
models, data requirements and uncertainty in the economic evaluation of treatment for DCIS

specifically.

7.3 Aim of the review

The aim of this targeted review was to examine economic evaluations of treatments for
DCIS. In doing so, the objective was to identify the available methods and modelling
approaches employed specifically for DCIS to inform an economic model of the LORIS trial

and to act as a vehicle in which to insert the utilities elicited in the empirical study.

7.4 Methods

7.4.1 Search strategy

The targeted review followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (199). Five electronic databases were searched from
inception to June 2019; MEDLINE, EMBASE, CINAHL, PsycInfo and Econlit. Reference

lists from the eligible studies were also checked for further potentially relevant studies.

The literature search strategy included index and free text terms relating to DCIS, economic
evaluation and economic modelling. The full search strategy is provided in Appendix 9. The

search utilised the terms applied in a Cochrane review of post-operative radiotherapy for
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DCIS (345) and NICE appraisal guidelines on the identification of economic evaluations in
the literature (131). Screening was conducted by the primary researcher (HB) and a second
reviewer examined a sample of titles and abstracts. The results were managed using Endnote

Reference Manager software X7 (202).

7.4.2 Eligibility criteria
Full economic evaluations were analysed if they met the following inclusion criteria:
e Participants: Adult women (aged 18 years and above) with DCIS.
e Intervention: Primary treatment for DCIS (including surgery, adjuvant radiotherapy,
endocrine therapy and active monitoring).
e Comparator: No adjuvant therapy or standard treatment.
e Outcome: Cost per unit outcome, Cost per QALY.

e Studies: Cost-effectiveness, cost-utility, cost-benefit and cost-consequence analyses.

Only full text and English language studies were eligible for inclusion. Studies evaluating
invasive breast cancer treatment, secondary in situ treatment or diagnostic interventions (e.g.

biopsy techniques) were excluded.

7.4.3 Selection of studies for review

A two-stage process was applied to select studies for inclusion using the methods described
by Mugford (346) and Roberts (347). First, each study was categorised based on the title and
abstract using the eligibility criteria. The full paper was then obtained if the title and abstract
were deemed potentially relevant or if no abstract was available. Studies were further
categorised for selection by study type and relevance. The following criteria were adapted to

assess the relevance of the studies for inclusion in the review.
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Stage 1. Initial categorisation
A) The study reports primary research and includes a formal economic evaluation.
B) The study discusses economic aspects of healthcare and contains useful primary or
secondary cost and utilisation data.
C) The study may have useful information but does not obviously fall into (A) or (B).

D) The study does not have any relevance to the economic evaluation of DCIS treatment.

Studies in categories (A) and (B) were considered potentially relevant to the review. A sub-
sample (25%) of those in (C) were reviewed for relevance. Studies allocated to (D) were not

reviewed any further.

Stage 2: Final categorisation
Studies classified as (A), (B) or (C) (if relevant) were further categorised after full text review
into the following secondary categories:

1. Economic model or evaluation

2. Effectiveness study with some assessment of costs

3. Review article or abstract only

4. Not relevant

Studies classified as (A)1, (A)2 or (B)1 or (B)2 were included in the final review.

7.4.4 Data extraction and quality assessment

Data on the methods, characteristics and main findings were extracted and analysed
narratively against the criteria set out in Table 7.2. The data extracted included: population,
perspective, setting, intervention and comparator, model characteristics, analytical methods

and the main results reported.
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The quality of the included studies was assessed according to the criteria recommended by
Philips et al. (348) because it is more comprehensive than other tools and is recommended for
the assessment of model-based economic evaluations. Studies were not excluded from the

analysis based on their quality, but the quality was considered in the synthesis of the results.

Table 7.2: Data extraction criteria

Criterion Assessment

Setting (country) Are the results generalisable to the wider population? Are
data sources appropriate for the country of study?

Population Who are the population being evaluated in the study? Is this
relevant to the demographic observed in DCIS?

Perspective Healthcare or societal? Justification and appropriate inputs
included for the perspective adopted?

Interventions What treatments for DCIS treatment are being compared?

What is the primary objective of the analysis?

Type of economic

evaluation and method

What economic evaluation has been undertaken? Is this
appropriate for the disease?

Data sources

Where is the data taken from for costs, utilities, transition
probabilities and outcomes? Is the source suitable for the
population? Is the extrapolation of data appropriate?

Costs Was the most current year for the study used? Were all data
inflated to the same price year? Discounting?
Utilities Population and methods appropriate? Duration?

Discounted? What health states are captured?

Measure of benefit

Cost per natural unit or QALY? Is the outcome measure

(effectiveness) appropriate for the perspective of the evaluation? Are any
additional clinical outcomes assessed in the evaluation?
Model type Is the model type suitable for DCIS health states?

Model structure

How was this determined? Validated? Rationale provided?

Time horizon

Is the time horizon suitable for the intervention and disease?

Cycle length

Does the model cycle allow for costs and outcomes to be
captured accurately?

Model assumptions

Are key assumptions explicitly stated and justified? Are they
appropriate for the treatment pathway of DCIS?

Sensitivity analysis

Has a comprehensive uncertainty analysis been undertaken?
One-way and probabilistic? Appropriate distributions?

Results

Which intervention was most cost-effective? How are the
main findings presented against model strengths and
limitations or those previously reported from the literature?
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7.5 Results

7.5.1 Study selection

The literature search identified 801 studies. Two additional studies were retrieved from
searches of the reference lists. Of these, 50 studies were considered potentially relevant after
the removal of duplicates and initial categorisation and were reviewed in full. 47 studies were
excluded at full text review (34 were irrelevant, four were reviews and nine reported only
abstracts). Three studies fulfilled all criteria and were included in the final review. The

studies included and excluded at each stage of the selection process is detailed in Figure 7.3.

7.5.2 Characteristics of the included studies

Table 7.3 summarises the main characteristics of the three studies (349-351) identified by the
review. All three studies evaluated treatments for women of screening age diagnosed with
DCIS in the USA. Two studies (350, 351) explicitly adopted a healthcare perspective in
keeping with the health insurance system evaluated, whereas Suh et al. (349) explicitly
applied a societal approach to capture the extra costs incurred by breast cancer patients (for

transport expenses and missed work) related to radiotherapy.

Most studies evaluated breast conserving surgery with and without radiotherapy, as is
standard treatment for DCIS. Trentham-Dietz et al. (351) modelled a hypothetical prognostic
marker to compare standard treatment against active surveillance, but the study was not
reflective of clinical practice or ongoing trials of active monitoring (27) due to an assumed
100% test accuracy in identifying non-progressive disease. Overdiagnosis (and
overtreatment) was not explicitly mentioned in any of the evaluations. However, there was
some consideration of de-escalating adjuvant therapy for patients with low-intermediate

grade DCIS compared to high-grade disease in two (349, 351) of the three studies.
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Table 7.3: Characteristics of the economic studies evaluating treatments for DCIS

Study Raldow Suh Trentham-Dietz
(2016) (350) (2005) (349) (2018) (351)
Population | Women aged 60 years | Women aged 55 years Women aged 40-74
with low-intermediate | with DCIS years with non-
or high-grade DCIS progressive DCIS
Setting | USA USA USA
Perspective | Healthcare service Societal Healthcare service
Interventions | BCS +/- prognostic BCS +/- adjuvant Hypothetical
test +/- radiotherapy radiotherapy prognostic test and
either standard
treatment or AM
Type of EE | Cost utility analysis Cost utility analysis Cost utility analysis

Data sources

RCT, empirical utility
study, Medicare

National database, RCT,
empirical utility study

National database,
RCT, national age-

database specific utility data
Costs | 2013 USD 2002 USD 2015 USD
(discounted 3%) (discounted 3%) (discounted 3%)
Utilities | SG utilities (patient) SG utilities (patient and | EQ-5D utilities
(248) general population) (general population
(248) adjusted using
assumptions (218))
Measure of | Cost per QALY, Cost per QALY, ICER | Cost per QALY, Cost
benefit | ICER, cost per IBC (discounted 3%) per LYG, BC deaths
prevented (discounted (discounted 3%)
3%)
Model type | Markov model Markov model Discrete event
simulation
Model structure | Microsimulation Cohort Microsimulation
(appropriate health (appropriate health (structure suitable for
states) states) disease pathway)
Time horizon | 10 years Lifetime Lifetime
Cycle length | 1 year 1 year N/A
Model | For recurrence after Recurrence salvaged by | Test identifies DCIS as

assumptions

BCS: 50% treated with

mastectomy (if BCS +

progressive or non-

BCS+RT and 50% RT) or BCS + RT/ progressive. Patients
mastectomy. For mastectomy (if BCS have 100% adherence
recurrence after alone). Metastases with treatment.
radiotherapy, 100% treated with
undergo mastectomy. | chemotherapy
Sensitivity | One-way, two-way One-way, two-way One-way
analysis

Results

No strategy was cost-
effective, but test did
reduce overtreatment

BCS + RT cost-effective
(ICER in 2002 USD
$36,700)

Prognostic test and AM
dominant (0.04 extra
QALYs, $5,316 fewer
costs)
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Figure 7.3: PRISMA flow diagram of the study selection process

Studies identified through Studies identified from
database searching other sources
(n=801) (n=2)

l v
Studies after duplicates Studies excluded as duplicates

removed (n = 677) > (n=126)

l Studies excluded based on
Stage I: Studies screened title & abstract (n = 627)
(n=677) > C: (n=54)
D: (n=573)

A4

Stage II: Full-text articles
assessed for eligibility
(n=50)

Full-text articles excluded,
with reasons
(n=47)

v

A: 20, B:30

e (3): Abstract only: (n=9)
l e (3): Review: (n=4)

e (4): Not relevant: (n = 34)

Studies included in the
final review

(A1 =3)

7.5.3 Modelling approach

All the studies identified in the review used an analytical model to assess cost-effectiveness,
either to extrapolate outcomes to a lifelong time horizon or to evaluate an approach not yet
validated in clinical trials for DCIS. Both Raldow et al. (350) and Suh et al. (349) used

Markov models (analysed by individual patient simulation and cohort analysis respectively)
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to capture health states relevant to DCIS treatment, recurrence and death. Markov models
were deemed appropriate for modelling DCIS treatment because they allowed for recurrent
health states relating to events after treatment such as ipsilateral breast recurrence, which is
the primary outcome in most trials of DCIS, and the long-term assessment of outcomes. In
contrast, Trentham-Dietz et al. (351) used discrete event simulation to approximate the
complex disease pathways associated with the condition. However, whilst this did allow for
additional patient variables to be captured in the model (e.g. ER/HER2 status), it was more
computationally demanding and reliant on progression time assumptions because of the

unknown natural history of the condition and hypothetical treatment explored.

There was notable variety in the time horizons applied across the studies. Whilst two studies
(349, 351) adopted a lifelong extrapolation of data to account for the continuous risk of
disease progression, Raldow et al. (350) explicitly used a 10-year time horizon because of the
limited clinical trial data and follow-up for the different grades of the disease. There are
advantages and disadvantages associated with each of the time horizons used. A 10-year
horizon is in keeping with the time frame used in clinical trials of DCIS, allowing more
accurate modelling of the likely progression of women as they move through each treatment
pathway. However, given that the risk of recurrence continues for the remainder of each
woman’s lifetime, this time horizon might not capture all relevant costs and effects incurred
by women with DCIS. A longer time frame may be more suitable, particularly for modelling
women with increased risk of recurrence if allocated to less intensive treatment or
surveillance. In contrast, there was at least consistency in the cycle length applied in the three
studies (1 year), as per the recommended follow-up of women after treatment and annual

mammography modelled.
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7.5.4 Type of economic evaluation

All three studies performed cost-utility analyses, with a focus on quality of life and health
over clinical outcomes. The impact of treatment intensity on costs and quality of life, where
breast-cancer-specific survival for DCIS is favourable regardless of treatment, was felt to be
more meaningful in the analysis than an alternative method of economic evaluation such as
cost-effectiveness where life years gained (LY G) might be minimal. Two studies (350, 351)
did report another measure of effectiveness alongside QALY s in their analysis (cost per IBC

prevented, cost per LYG) but it did not significantly change the results.

7.5.5 Utilities

Utilities informing the reported QALY's were obtained from two sources (218, 248).
Trentham-Dietz et al. (351) applied adjustments to US female population EQ-5D utilities for
stage-specific breast cancer treatment as previously described in an economic evaluation
(218) of breast cancer screening programmes. However, it is unclear whether all relevant
benefits and harms were captured in terms of quality of life; the adjustments were based on
assumption and no further disutility was applied to women in the prognostic test or active
surveillance health states in their model. The remaining two studies (349, 350) applied the
general population standard gamble utilities from Hayman et al. (248) which were explicitly
derived for health states describing DCIS treatment and recurrence. Suh et al. (349) also used
a second set of SG utilities (taken from the same study but elicited from patients with DCIS)
to ascertain the impact of the population preference in a sensitivity analysis. None of the
studies explicitly considered the disutility of overtreatment, applying the same utilities for

treatment regardless of outcome.
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7.5.6 Effectiveness measures

Model inputs for the transition probabilities were largely sourced from US randomised
controlled trials of DCIS therapy (352, 353) or national cancer registries (354). Whilst the
data reported were of high quality, follow-up in the trials was restricted to 20 years and
longer-term outcomes applicable to the model had to be assumed. Similarly, data for the
accuracy of prognostic markers and disease progression under surveillance were based on

assumption due to a lack of published estimates.

Costs and health resource use were generally more homogeneous and primarily sourced from
the Medicare literature or other economic models (218, 355). Suh et al. (349) included
indirect costs (time and transport) in their model related to the societal perspective of the
analysis. All costs and benefits were discounted at 3%, as is standard convention in the US

system on which the models were based (356).

7.5.7 Sensitivity analysis and quality assessment

In general, all three studies adequately met most of the quality appraisal criteria outlined in
Appendix 10. The type of economic evaluation, model structure, intervention and comparator
were consistently reported, and reasonable conclusions were drawn from the main findings.
Trentham-Dietz et al. (351) did not actually report the ICER for standard treatment and active
monitoring in their results, but this could be calculated from the data presented elsewhere in

the paper.

All studies conducted at least a one-way sensitivity analysis to assess the uncertainty of the
results. In a one-way sensitivity analysis, model parameters are varied individually to

determine the impact of each variable on overall cost-effectiveness (7). Probability of
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recurrence and the utilities, costs and effectiveness of treatment were identified as being key
drivers of cost-effectiveness in managing DCIS. However, for a robust analysis of uncertainty
it is necessary to perform a probabilistic sensitivity analysis where several model parameters
are changed simultaneously using distributions (348). None of the studies conducted a
probabilistic sensitivity analysis in their analysis. Given the widespread uncertainty (28) and
debate surrounding the natural history of disease, recurrence risk, and implications of
surveillance on costs and quality of life, it was unclear as to why an extensive sensitivity

analysis had not been undertaken in any study.

7.6 Discussion

7.6.1 Summary of the main findings from the review

This targeted systematic review has highlighted the paucity of economic evaluations for the
treatment of DCIS in the literature. The findings corroborate previous concerns (3, 31) about
the lack of economic evidence in informing the debate on screening and the management of
low-risk breast disease. Most studies looked at the cost-effectiveness of standard treatment
(BCS +/- adjuvant radiotherapy), with only one study (351) considering the potential
implications of active monitoring in DCIS. However, the hypothetical marker used in the
analysis to stratify women to surveillance assumed 100% test sensitivity which does not
reflect the ongoing clinical trials of active monitoring reported in the literature (27, 106, 357).
There were mixed results on whether the de-escalation of adjuvant treatment was cost-
effective. However, the analyses in the studies identified by this review suggest that the
distinction between low-intermediate and high-grade DCIS is important in terms of results
(i.e. less intensive treatment was generally cost-effective and clinically feasible in economic

analysis of low-intermediate grade DCIS but not for high-grade DCIS).
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The limited number of economic evaluations for DCIS treatment is likely related in part to
how DCIS has been conceptualised in the literature. Most studies (26, 57, 219) have analysed
the cost-effectiveness of interventions for DCIS within economic models of breast cancer
screening programmes because it is primarily a condition of screening. Yet it may not be
appropriate to exclusively consider DCIS alongside invasive breast cancer in screening if the
potential for overtreatment may significantly differ (358). Whilst the inclusion of DCIS in the
economic evaluation of breast cancer screening is evidently important given the debate about
the benefits and harms of overdiagnosis (3), it is difficult to differentiate the outcomes related
to DCIS in isolation from those of early breast cancer when the results of the two conditions
are analysed concurrently. For example, the CISNET group of US breast cancer screening
models evaluated DCIS extensively in their analyses (359), yet only reported on outcomes
related to screening and did not present a sub-group analysis for women diagnosed with low-

risk disease.

There are limited data on the cost-effectiveness of interventions for DCIS, thereby making it
challenging for policy makers to inform the decision on the most appropriate treatment.
Given the clinical prognosis of DCIS is favourable regardless of treatment (25), it is feasible
to assume that cost-effectiveness is likely to be particularly important in determining the
optimal treatment policy. There is little data on active monitoring or consideration of women
who may be overtreated in the current analyses of DCIS management, despite initiatives
toward the safe de-escalation of breast cancer treatment in recent years (336). A standalone
appraisal of the cost-effectiveness of alternative DCIS management outside of screening is
necessary to address this gap and guide policy decisions for those diagnosed with low-risk

disease at mammography.
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7.6.2 Strengths and limitations

The major strength of this systematic review is the comprehensive review of the literature
undertaken to identify economic evaluations of DCIS interventions. The quality of the studies
was appraised using the validated Philips checklist (348) and the review identified a clear gap
in the literature associated with DCIS management. The results provide suggestions for future
cost-effectiveness analyses of DCIS, which to current knowledge has not been done
specifically in economic evaluations of DCIS treatment before. However, the search strategy
was limited to English language and full text studies only and may have missed other
potentially relevant evaluations not identified by the review. Second, it was difficult to
identify economic evaluations exclusively assessing DCIS treatment outside of other
interventions such as screening and diagnostic tests and thus some studies may not have been
identified appropriately by the search. Third, this was a targeted systematic review to identify
and replicate a suitable economic model in which to insert the utilities derived in earlier

chapters and thus focused on strategies for in situ breast cancer rather than other cancers.

7.6.3 Comparison with other studies

This review highlights an important literature gap relating to the lack of evidence on the cost-
effectiveness of interventions for DCIS. Previous studies of DCIS treatment (101, 360, 361)
have consolidated only the clinical efficacy of treatment and have not included the cost-
effectiveness of strategies in the presentation of results. Similarly, other systematic reviews
(55, 186, 187, 362) of economic evaluations related to DCIS have assessed the cost-
effectiveness of breast cancer screening programmes or invasive breast cancer treatment but

not DCIS specifically.
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There are very few studies evaluating active monitoring in the breast cancer setting, which
may be expected given that clinical trials, such as LORIS (27), are still ongoing and the
findings are yet to be published. One epidemiological study (363) has modelled active
monitoring versus standard treatment but did not include any analysis of costs and quality of
life. Economic evaluations of active monitoring using a cost per QALY approach have been
conducted in the wider oncological setting (e.g. prostate cancer surveillance) and could
potentially be applied in the design of an economic model the for the evaluation of active
monitoring for breast cancer (333, 364, 365), but was beyond the scope of this targeted

review, the purpose of which was to identify models relevant to DCIS specifically.

7.6.4 Implications for how the review informs economic models
There are five important implications raised by this systematic review to consider in the

planning of future economic evaluations of DCIS:

1) A Markov model or DES may be a suitable approach for modelling the cost-effectiveness
of treatments for women with DCIS, based on the structures adopted in the three studies
identified in this limited scoping review and the taxonomy of models suggested by Barton
et al. (337) earlier in this chapter for modelling chronic conditions with recurrent health
states, but further validation is necessary through exploration of the models used in the
economic evaluation of other low-risk screen detected cancers.

2) Interventions for DCIS should be compared against a clear comparator (e.g. standard
treatment of BCS with radiotherapy) to enable the consistent interpretation of results.

3) Analyses should be presented by DCIS grade (low, intermediate and high-grade) as this is

likely to have a considerable impact upon cost-effectiveness results.
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4) Results should be presented as a cost-utility analysis. Quality of life is important given
that 10-year breast cancer specific survival between surgically and non-surgically
managed low-risk DCIS is the same (25). Utilities informing QALY's and cost-utility
analyses should capture the benefits and risks appropriately, including the potential for
overtreatment.

5) An extensive sensitivity analysis (including PSA) should be conducted given the
uncertainty in the unknown natural history of the disease and variable probability of

progression.

7.6.5 Further research

The paucity of studies identified by the review demonstrates the need for further research on
the economic evaluation of DCIS treatment. The aim was to conduct a targeted review and
critique the evidence on the cost-effectiveness of in situ treatment to inform the design of an
economic model in which to apply the empirical study utilities from Chapters 5 and 6.
However, due to the lack of economic models identified it is difficult to ascertain the most
appropriate health states for the evaluation of unnecessary treatment. A rapid review to look
at how active monitoring has been modelled in other low-risk cancers detected by screening

is recommended to confirm the most suitable approach for modelling the LORIS trial.

7.7 Conclusion

This chapter has described in detail the different methodological modelling approaches that
can be used in the economic evaluation of healthcare interventions. A systematic review of
economic evaluations in DCIS treatment was then reported to identify a suitable approach in
which to apply the utilities from Chapters 5 and 6. There were very little data on the cost-

effectiveness of DCIS treatment outside of the economic evaluation of breast cancer
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screening programmes. Only three studies describing an economic evaluation of DCIS
treatment were identified. The findings from this chapter suggest that a Markov (individual
sampling model) or DES may be most appropriate for undertaking a cost-utility analysis of
DCIS treatment, but further adjustment is likely required to accommodate the uncertainties
surrounding active monitoring and low-risk DCIS specifically. In the next chapter, a targeted
review of active monitoring models is presented, alongside the development and results of an

economic model of treatments for low-risk DCIS.
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CHAPTER SUMMARY

What is known

e Decision analytic modelling is useful in the prediction of costs and outcomes
beyond the time horizon of clinical trials, for extrapolating the results of an
intervention from one clinical setting to another and for informing resource
decisions in the absence of hard data.

e Economic models may be classified into a taxonomy of decision trees or Markov
models, individual sampling models, system dynamics models or DES.

e A targeted systematic review was necessary to ascertain what model was best

suited for the economic evaluation of DCIS treatment.

What this chapter adds

e The paucity of studies identified by the review demonstrates the need for further
research on the economic evaluation of DCIS treatment.

e From the limited evidence available, a Markov model, ISM or DES may be
suitable for modelling the long-term progression of women with DCIS.

e Sub-group analysis analysis should be conducted for low-intermediate and high-
grade DCIS as it is likely to have a considerable impact upon cost-effectiveness.

e An extensive PSA is required given the widespread uncertainty in the natural

history of the disease and unknown probability of invasive progression.
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CHAPTER 8

An economic model comparing active monitoring with standard
treatment for low-risk ductal carcinoma in situ

8.1 Introduction

This chapter describes the rationale and methodology for developing an economic model to
simulate the costs and benefits associated with the treatment of low-risk ductal carcinoma in
situ. Two treatment strategies are compared: active monitoring and standard treatment with
surgery and radiotherapy. The aim of the model is solely to illustrate how the utilities derived
in the empirical study might be used in an economic evaluation, using an example model to
simulate outcomes for a hypothetical cohort of women with localised, low-risk DCIS, as

described in the LORIS trial.

The chapter begins with an overview of active monitoring models in the cancer literature.
This is followed by a summary of the DCIS model structure, health states and parameters.
The results are then presented in terms of cost per quality-adjusted-life-year (QALY),
comparing findings using the utilities from Chapter 6 with those from the literature. Finally,
both deterministic and probabilistic sensitivity analyses are run to compare the significance of
the two results, alongside a discussion of the strengths, limitations and potential implications

for breast cancer screening programmes.

8.2 Background
8.2.1 Modelling DCIS and active monitoring
The incidence of DCIS has risen substantially since the introduction of breast cancer

screening programmes (366). Despite the increasing number of women affected the risk of
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invasive progression and optimal management remain uncertain, leading to widespread
variation in patient treatment and decision making (360). Standard treatment consists of
breast conserving surgery, radiotherapy and endocrine therapy — treatment comparable to that
recommended for invasive breast cancer. There is concern that women with low-risk DCIS

may therefore be overtreated (3), incurring potentially unnecessary extra costs and morbidity.

Active monitoring with annual mammography is proposed as an alternative to surgery to
reduce the harm of overtreatment (27). Clinical trials such as LORIS are underway to explore
the clinical feasibility of active monitoring. Whilst costs and utilities have been examined in
the models of active monitoring of some cancers, they have not yet been researched in the
breast cancer setting. Decision analytic models are economic tools which can estimate the

potential impact of new interventions until such data are available (7).

In Chapter 7, a targeted literature review was undertaken of economic evaluations for the
treatment of DCIS. Whilst several economic models were identified by the review, there were
few evaluations of active monitoring in the breast cancer setting. Consequently, a rapid
literature review of economic models of active monitoring in other screen-detected cancers

was undertaken to inform the design of the in-situ model structure.

8.2.2 Literature search

Briefly, a rapid literature review was undertaken of five electronic bibliographic databases
(MEDLINE, EMBASE, Web of Science, PsycInfo, EconLit) to identify any economic
evaluations or economic models of active monitoring in low-risk cancers identified by
screening (e.g. prostate, colorectal and cervical cancer). Searches were run from the earliest

date available to 1 July 2019, using a search strategy of subject heading and key words
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including: (prostate cancer OR cervical cancer OR colorectal cancer OR breast cancer) AND
(economic evaluation OR cost-effectiveness analysis OR cost utility analysis OR (cost and

QALY)) AND (active monitoring OR active surveillance OR watchful waiting).

The search strategy identified a total of 147 potentially relevant studies, of which 49 were

removed as duplicates. Two additional studies were identified from searches of the reference
lists. 69 studies were excluded after reading the title and abstract (no economic evaluation or
model) and a further 21 were excluded on full text review (conference abstract, review article

or irrelevant), leaving 10 studies in the final analysis.

All ten studies had applied an economic model of active monitoring for an analogous low-
risk cancer. The characteristics of the economic models are summarised in Table 8.1. All 10
studies used a state-transition microsimulation model and modelled active surveillance versus

immediate treatment for low-risk prostate cancer.

The economic models simulated men of screening age (50-69 years) with localised, low-risk
prostate cancer managed via active surveillance (defined as 6-12 monthly blood tests, clinical
examination, imaging +/- biopsy) or immediate radical treatment. Follow-up varied widely
and there was noticeable heterogeneity in the time horizon applied across the studies. Six
studies (60%) used a lifetime horizon to reflect the indolent nature of the condition, but others
used shorter simulations of 10 or 20 years due to the paucity in long term data published in
clinical trials. A similar decision must be made in modelling in low-risk DCIS between the

paucity of long-term data and lifelong propensity for invasive progression.
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Table 8.1: A summary of economic models for active monitoring identified by the literature review (n = 10)

Study Year | Country Population Intervention Model type | Analytic Model Time Uncertainty Outcome
approach cycle horizon analysis
De Carvalho | 2018 USA Prostate cancer; | AM vs. immediate State- Micro- 1 year Lifetime | 1-way, multi- | Cost/QALY,
(367) Men aged 55- radical treatment transition simulation way & LYG, ICER
69 model deterministic
Hayes (333) | 2013 USA Prostate cancer; | AM vs. initial State- Micro- 1 year Lifetime | 1-way, Multi- | Cost/QALY,
Men aged 65 & | treatment (WW, BT, | transition simulation way and PSA | ICER
75 IMRT, RP) model
Hayes (273) | 2010 USA Prostate cancer; | AM vs. initial State- Micro- 1 year Lifetime | 1-way, Multi- | QALY
Men aged 65 treatment (BT, transition simulation way and PSA
IMRT, RP) model
Keegan 2012 USA Prostate cancer; | AM vs. immediate State- Micro- 1 year 10 years | 1-way Costs
(368) Men (age treatment (ADT, transition simulation
unspecified) BT, IMRT, RP) model
Keller (278) | 2017 Australia | Prostate cancer; | Screening with AM | State- Micro- 1 year 20 years | 1-way & PSA | Cost/QALY,
Men aged 50- vs. screening with transition simulation LYG, ICER
69 immediate treatment | model
Lao (365) 2017 New Prostate cancer; | AM vs. WW vs. RP | State- Micro- 1 year Lifetime | 1-way & Cost/QALY,
Zealand | Men aged 45- transition simulation Deterministic | ICER
70 model
Loeb (364) | 2017 USA Prostate cancer; | AM vs. WW State- Micro- 1 month Lifetime | 1-way & 2- Cost/QALY,
Men aged 50 transition simulation way LYG, ICER
model
Sanyal (341) | 2016 Canada | Prostate cancer; | AM vs. initial State- Micro- 1 year 15 years | 1-way Cost/QALY,
Men aged 65 treatment (ADT, transition simulation ICER
BT, IMRT, RP) model
Sathianathen | 2019 USA Prostate cancer; | AM vs. WW vs. State- Micro- 6 months | Lifetime | Deterministic | Cost/QALY,
(369) Men aged 50 initial treatment transition simulation & PSA ICER
model
Sharma 2019 USA Prostate cancer; | AM vs. RT vs. RP State- Micro- 1 year 10 years | 1-way & Cost/QALY,
(370) Men aged 50- transition simulation multi-way ICER
69 model

ADT: Androgen deprivation therapy, AM: Active monitoring, BT: Brachytherapy,

ICER: Incremental cost-effectiveness ratio, IMRT: Intensity-modulated radiation therapy,
LY: Life years, NA: QALY: Quality-adjusted-life-year, RP: Radical prostatectomy, RT: Radiotherapy (unspecified), USA: United States America, WW: Watchful waiting
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It is clear from the summary of the models that a state-transition microsimulation is the
best approach for modelling active monitoring. Individual simulation modelling (ISM)
facilitates the movement of patients through different strategies of conservative
management and permits recurrent health states and uncertainty to be captured in
invasive progression. All ten studies adopted a Markov model (analysed via
microsimulation) to model a hypothetical cohort of patients with low-risk disease in
predefined health states from the point of diagnosis (at screening) to treatment and post-
treatment events. During each cycle patients could either remain in a low-risk cancer
state under monitoring (no progression), undergo treatment for progression, remain
disease-free after treatment, develop a recurrence or metastasis or die. The fundamentals
of the surveillance pathway are comparable to those outlined in the LORIS trial

protocol. This structure thus offers a suitable framework for application in DCIS.

All but one study used cost per QALY as the main outcome measure. QALYs were
informed by utilities derived from first principles (standard gamble) for active
surveillance reported in the literature. This suggests that the utilities derived in the
empirical study can be applied in a similar economic vehicle for active monitoring in

low-risk DCIS.

From the models of active monitoring identified in the rapid review, the model deemed
best placed to represent the evaluation of women with low-risk DCIS is a state-
transition model analysed via microsimulation. This is consistent with the findings from
the review of DCIS treatment recommended in Chapter 7. Although breast and prostate

cancer vary in terms of pathophysiology, the outcomes and health states related to low-
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risk and progressed disease under monitoring are likely to be comparable to those
anticipated in the LORIS trial. The model structures identified in the review thus
illustrate a suitable framework on which to build the active monitoring simulation and

health states specific to low-risk DCIS.

8.3 Aim and scope of the model

As discussed in Chapter 7, the primary purpose of this chapter is to use an economic
model to illustrate how the elicited utilities for low-risk DCIS may be applied in
practice. The aim of the model is not to ascertain the true cost-effectiveness of active
monitoring (such estimates are reliant on the availability of clinical efficacy and
resource data from clinical trials), but to illustrate the potential impact of including the

disutility of overdiagnosis in economic evaluations of breast cancer.

The objectives of the model are to:

1) Illustrate how the utilities derived in the empirical study might be applied in
economic evaluation

2) Estimate the benefits and costs of active monitoring compared with standard
treatment for women with low-risk DCIS

3) Compare approximate cost-effectiveness outputs using the utilities from the
empirical study (explicitly valuing overdiagnosis) versus those from the
literature (without overdiagnosis) to ascertain whether this may potentially
impact cost-effectiveness

4) Use the findings to ascertain the potential implications within the wider context

of breast cancer screening and treatment programmes
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8.4 Methods
All methods and results are reported against the CHEERS (371) and Philips (348)
checklists, the details of which are provided in Appendix 11, as is good practice in

economic evaluation.

8.4.1 Type of evaluation

A cost-utility analysis was used to analyse standard treatment versus active monitoring
so that the impact of each strategy could be determined using a conventional cost per
QALY approach. This allowed for the application of the utilities derived in earlier in the

thesis (Chapter 6) to be included in the analysis of outcomes.

8.4.2 Model structure

A Markov state transition model was designed to simulate the outcomes of a
hypothetical cohort of women with clinically localised, low risk DCIS in the United
Kingdom. This design was chosen to allow for the multiple and recurrent health states
that occur during the management of DCIS and was informed by the literature review.
A decision tree is inappropriate because it would require a significant number of
branches to allow for recurrent health states (337). Conversely, a discrete time
simulation would be unnecessarily complex given the objectives of the model as an

illustrative vehicle (339).

The model structure was informed by the LORIS trial protocol (27) and compares the

potential outcomes for women undergoing standard treatment and active monitoring.

The health states and clinical pathways were developed with specialist input from
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surgeons, health economists and epidemiologists with experience of modelling breast

cancer screening and treatment.

8.4.3 Model development

A Markov state transition model was constructed using decision analytic software
(TreeAge Pro Version 2018) (372) and used Monte Carlo simulation to estimate the
benefits and harms associated with the management of women with newly diagnosed
low-risk DCIS. Individual microsimulation was chosen over cohort analysis to allow for
the different probabilities of recurrence to be linked against treatment and recurrence

history.

The model structure was built from the pathways outlined in the LORIS trial protocol
(373). However, pathways were extended beyond the 10-year duration of the clinical
trial to extrapolate outcomes to a lifelong time horizon more reflective of the chronic
nature of the disease and its low propensity for invasive progression. The structure of
the usual treatment arm was informed by the economic models of surgery and
radiotherapy identified by the review in Chapter 7. The initial structure was then refined
with advice from breast surgeons and oncologists to ensure health states reflected the

likely progression of low-risk DCIS.

Several iterations were made after running an initial prototype of the model. Given that
the natural history of DCIS is unknown, the simplification of potential outcomes was
necessary so that only relevant health states were included (e.g. a single recurrence).

Finally, the model was presented at both local (Victorian Comprehensive Cancer Centre
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Breast Tumour Grand Round, Melbourne, Australia; December 5, 2018) and
international (4™ World Congress on Controversies in Breast Cancer, Melbourne,
Australia; October 11-13, 2018) conferences for external review and face validity prior
to running the analysis presented in this thesis. An overview of the model development

is illustrated in Figure 8.1.

Initial structure designed from LORIS trial
protocol

Model pathway and time horizon refined
following expert consultation

Further iteration following initial model run

Parameters and structure feasibility check

Presentation at international conference for
face validity

Final model structure agreed

Figure 8.1: An overview of the stages of the model development and validation

8.4.4 Population

The simulation starts with women at age 50 years for the main analysis, coinciding with
the starting age at which women are eligible for screening in the UK (374). However,
the model was rerun for starting ages of 40, 60 and 70 years in the sensitivity analysis as

it was hypothesized that active monitoring would be more cost-effective in the elderly
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(where the risk of death from competing illness may be higher than the risk of invasive

cancer progression).

8.4.5 Model Pathway

The model was based around the expected pathway of patients participating in the
LORIS trial. Briefly, the model simulates a cohort of 1,000,000 hypothetical women
aged 50 years with a new diagnosis of low-risk DCIS. Women enter the model at the
decision node at time 0 corresponding to the point at which they are diagnosed with
low-risk DCIS. For each run of the model, women are simulated under each strategy

and are:

(1) treated via standard surgical excision +/- radiotherapy

(11) managed via active monitoring

and then continue the post-treatment pathway until death (from breast cancer or
competing sources) or until the maximum number of cycles (n = 50) are completed.
Health states are mutually exclusive (i.e. women can only be in one health state at any
one point in time) and represent the natural history of women as they are treated and

progress through the model.

The diagram presented in Figure 8.2 shows a simplified structure of the model health
states. The clinical pathways for each of the treatments are almost identical, except for
that women in the active monitoring arm may stay in the low-risk DCIS health state

beyond the first cycle. The health states are represented by a round circle and the arrows
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represent the possible transitions between health states within each cycle. Women may
move to a different health state (straight arrows), continue in same health state (round
arrows) or remain in an absorbing health state (e.g. dead) for the remainder of the model
simulation (square box). Women may also transition through intermediate health states
within each cycle to accrue incremental costs and rewards from additional procedures
(e.g. surgery for a recurrence), as highlighted in the dashed circles. The sum of the
transition probabilities moving to and from each health state is equal to 1. All health

states may lead to dead from all-cause mortality.

C\ Dead
(breast

cancer)

Progressed
DCIS

All health
states

i,

Metastatic
breast cancer

Dead (all
causes)

Disease free
(treated DCIS)

Disease free . -

(treated progressed) . -----

Figure 8.2: Simplification of the model decision following diagnosis of low-risk DCIS

Definition of health states for the standard treatment pathway:
e Low-risk DCIS: Women start the simulation in this health state.
e Surgery: Women in the treatment arm undergo surgical excision following
diagnosis in the first cycle of the trial. They are either cured (disease free and

treated) or not cured (progressed disease).
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Disease free (treated DCIS): Following successful treatment of low-risk DCIS
women may remain cancer free or they may develop a progression (recurrence).
Extra treatment: Women who have progressed disease (DCIS or invasive
recurrence) may require additional treatment during the next cycle. They are
either cured (disease free and treated progressed) or develop metastatic disease.
Disease free (treated progressed): Women with progressed disease who are
successfully treated with further treatment may remain disease free or may
relapse and develop metastatic breast cancer.

Metastatic breast cancer: Women may die from metastatic breast cancer.
Dead (breast cancer): Women with metastases may die from breast cancer.
Dead (all-causes): Women in all health states may die from co-morbid

conditions.

Definition of health states for the active monitoring pathway:

Low-risk DCIS: Every woman starts the simulation in this health state. Women
may stay in this health state if they continue with monitoring and do not develop
disease progression, choose to opt out of active monitoring and undergo surgery
for low-risk DCIS (disease free treated DCIS) or have a progression (progressed
DCIS).

Surgery: Women in the active monitoring arm may stop and choose to have
surgery. They are either cured (disease free treated DCIS) or not cured

(progressed disease).
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o Disease free (treated DCIS): Women who stop monitoring and have surgery
for low-risk DCIS may remain cancer free or they may develop a progression
(recurrence).

e Extra treatment: Women who progressed after monitoring, either with high-
grade DCIS or invasive cancer, require more extensive treatment. They are
subsequently cured (disease free treated progressed) or not cured (metastatic
disease).

o Disease free (treated progressed): Women who are successfully treated with
further treatment following progression may remain disease free or may relapse
and develop metastatic breast cancer.

e Metastatic breast cancer: Women may die from metastatic breast cancer.

e Dead (breast cancer): Women with metastases may die from breast cancer
Dead (all-causes): Women in all health states may die from co-morbid

conditions.

Definition of intermediate health states:
In order to include the relevant outcomes of the treatment disutilities in the model,
decision trees are embedded within each of the Markov health states. For example,

women in the health state for “Low-risk DCIS” in the active monitoring arm may:

(1) stay in the ‘Low-Risk DCIS’ health state

(i1) choose to have surgery and transition to the “Disease-free treated DCIS”

(ii1) develop invasive disease and transition to “Progressed disease”
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Additional events may occur within each of these transitions (depicted by intermediate
health states or decision branches) to facilitate the accumulation of costs and rewards
between each cycle. Figure 8.3 illustrates an example of the intermediate health states
and trees for women in the “Low-risk DCIS” state who choose to continue monitoring,

and may be explained as follows:

e If there is no disease progression, then the patient simply returns to the “Low-Risk
DCIS” health state, provided she does not die from background mortality.

o Ifthere is disease progression, it may either be missed (in which case the woman
transitions to “Progressed DCIS”) or detected (they proceed to the next decision
branch).

e For women with a detected progression, the next branch decides whether they will
undergo surgery with or without radiotherapy (A and B).

e Branches for surgery (BCS +/- radiotherapy or mastectomy) incur different
disutilities, costs and probabilities specific to the efficacy of the treatment chosen.

e [f cured, women transition to “Disease free progression” and if not in remission,

they transition to “Metastatic disease”.

Consequently, women may accumulate costs and rewards when undergoing extra
testing or treatment within the low-risk DCIS state. The full tree structure of the Markov
model for both active monitoring and standard treatment arms may be referenced in

Appendix 12.
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8.4.6 Cycle length and time horizon

A cycle length of one year was used to reflect the one-year interval between active
monitoring follow-up in the LORIS trial (27). This is consistent with the chronic nature
of the disease and the yearly cycle applied in the breast cancer models from the
systematic review. A half-cycle correction was applied to both costs and effects in
keeping with best practice because it was not known when the transitions might occur

during each cycle (375).

A lifelong time horizon was used to assess costs and outcomes. Although the LORIS
trial has a 10-year duration, this was not deemed long enough to evaluate the outcomes
associated with low-risk DCIS due to the low propensity for disease progression.
Therefore, outcomes were extrapolated to a lifelong time horizon to enable follow-up
beyond the limitations of the trial. A total of 1,000,000 Monte Carlo simulations were
run over 50 cycles and was deemed equivalent to a lifetime for a cohort of women

entering the model at age 50 years.
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Figure 8.3: A view of the decision tree within the Markov health state for low-risk DCIS in the active monitoring arm

BCS and radiotherapy
Diagnosed by mammogram
4
pSensMM Mastectomy
Progression pMast_afterprogression
pProgression_AM Alive
Missed i
Continue with monitoring Mammogram 4 Die background mortality
2 pMortBackground
Allive with disease _
- Low risk DCIS
No progression z
2 Die background mortality
= Dead
pMortBackground
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Figure 8.3 continued: Sub-trees for A and B:

Alive
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8.4.7 Perspective

A UK national healthcare perspective was adopted in the analysis to reflect the taxpayer
healthcare system on which the population was modelled (8). Although it was
anticipated that active monitoring may incur indirect or unexpected costs related to
additional appointments for reassurance or transport needs, information on the indirect
impact of active monitoring is unknown (112) and there were insufficient data on the

wider impact of active monitoring to run a societal analysis.

8.4.8 Model Assumptions
The results of the LORIS trial are yet to be published. Therefore, several assumptions
had to be made in the model due to the complex and unknown natural history of the

condition.

e Compliance: 100% compliance with treatment was assumed, reflective of the
high rates (>96%) of surgical management reported in national breast cancer
databases (376). However, patients could opt out of the active monitoring arm in
the model, based on the predicted estimates from active surveillance trials in
prostate cancer (273).

e First mammogram: The first mammogram (and costs) for active monitoring
occur in cycle 1 (i.e. 12 months after starting the trial).

e Active monitoring: The sensitivity of mammography was assumed to be 86%
in keeping with the rates from other UK models of mammography (235).

e Progressed DCIS: If a progression was missed on the first mammogram, it was

diagnosed in the subsequent active monitoring cycle.
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Decision to stop monitoring: Women were able to stop active monitoring.
Rates were highest in the first year (when anxiety peaks) and lower in the
subsequent years (333).
Risk of progression: The risk of progression whilst monitoring varied with
time.
O Year 1: progression was highest in the first year to account for the
upgrade of under staged invasive disease at diagnosis (377)
O Year 2-5: progression was then lower for five years of monitoring (378)
O Years >6: and then followed the trends reported in the limited
retrospective studies of low-risk DCIS (379)
Treatment intensity: Treatment of progressed DCIS required more intensive
treatment than low-risk DCIS treated upon diagnosis (103).
Adjuvant treatment: Based on local hospital data, it was assumed that 80% of
DCIS was treated via BCS (of which 60% have radiotherapy) and 20% with
mastectomy (30). Endocrine treatment was only assumed for progressed disease.
Recurrence: Only one recurrence was permitted (as in other breast screening
models)
Breast cancer mortality: Patients could only die from breast cancer if they had
metastatic breast disease (82). Therefore, there is no difference in survival for

DCIS managed with and without immediate surgery (25).
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8.4.9 Model inputs
Model inputs were categorised into transition probabilities, utilities and costs. Estimates
were calculated from several different sources including a systematic review of the

literature, national cost and mortality tables and expert opinion, as follows.

i) Transition probabilities

The estimation of transition probabilities for the distributions followed the methods
described by Briggs (179). Probability parameters are constrained by limits of 0 and 1
and therefore the probabilities of mutually exclusive events within each cycle must also
sum up to 1. Briggs et al. (179) suggest that such data are best represented by a binomial
distribution, specifically the beta distribution, which is constrained between the values
of 0 and 1 and characterised by two parameters alpha (o)) and beta (B). If the data are
represented by number of events of interest, r, observed in a sample of size n, then the
proportion of events to the total sample gives the point estimate of the probability.
Uncertainty related to this probability can then be calculated by a (a,3) distribution by

setting:

Equation (1) a =r
and

Equation (2) p = n-r

In TreeAge (372), this is calculated by selecting ‘Distributions’ from the ‘Values’

ribbon and the beta distribution for probabilities. For integer parameters the software

only requires the values of n and r from equations (1) and (2). Otherwise, o and 3 are
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generated by inputting the values for the mean and standard deviation from the

literature.

This method was used to estimate the transition probabilities for DCIS progression from
the number of events reported in an analysis of retrospective studies of non-surgically
managed DCIS (378, 379). The exception is for the progression during the first cycle,
which was assumed to be 21% based on the findings from a meta-analysis of 1,142
women with under staged invasive cancer at excision for low-intermediate grade DCIS

(377).

Where rates were reported in the literature for breast cancer recurrence after treatment,
the methods described by Gray (7) were used to convert the values into probabilities so
that the values could be applied in a yearly Markov simulation. For the probabilities of
progression associated with treatment, the risks from RCTs had to be first adjusted to
calculate a yearly transition rate relevant for the model and then the probability (7).
Reported estimates (e.g. probability over 10 years follow-up) were first converted to a

rate for 1 year, assuming the event occurs over a constant rate r, over a time t:

Equation (3) r = -In(1/p)/t

This equation is then rearranged to convert the yearly rates back into transition

probabilities, where ‘e’ is the base of natural logarithm (7):

Equation (4) P = 1- ™"
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In this way a yearly transition probability could be estimated from the 10-year

recurrence from meta-analyses and RCTs. Transition probabilities for metastatic disease

were taken from the estimates reported in other economic models of DCIS treatment.

Table 8.2: Probability parameters used in the analysis

Probability parameters Base case PSA range*  Source
Active monitoring

Sensitivity of mammogram 0.860 0.800-0.900 (235)
Low-risk DCIS to Progressed DCIS

Year 1 0.210 (0.150-0.280)  (377-379)
Year 2-5 0.100 (0.050-0.180)

Year >6 0.110 (0.090-0.250)

Choose to stop monitoring (surgery) (273,
Year 1 0.018 (0.005-0.036) 333)
Subsequent years 0.005 (0.000-0.018)

Treatment received (Progressed DCIS)

BCS with radiotherapy 0.850 Not varied (376)
Mastectomy 0.150

Endocrine therapy 0.800

Local recurrence after treatment (Progressed)

BCS with radiotherapy 0.008 (0.002-0.018)  (380-383)
Mastectomy 0.004 (0.002-0.022)

Standard treatment

Treatment received (low-risk DCIS)

BCS alone 0.230 (0.200-0.400) (30, 376,
BCS with radiotherapy 0.570 (0.300-0.800)  384)
Mastectomy 0.200 (0.100-0.400)
Progression after treatment (low-risk DCIS)

BCS alone 0.011 (0.005-0.025) (380,
BCS with radiotherapy 0.006 (0.004-0.020) 381, 385)
Mastectomy 0.001 (0.001-0.010)

Treatment received (Progressed DCIS)

BCS with radiotherapy 0.850 Not varied (376)
Mastectomy 0.150

SNL 0.006

Endocrine therapy 0.016

Local recurrence after treatment (Progressed)

BCS with radiotherapy 0.008 (0.002-0.018)  (380-383)
Mastectomy 0.004 (0.002-0.022)

Metastatic breast cancer after treated progression 0.030 (0.001-0.005) (82)
Baseline probabilities

Death from breast cancer 0.022 Not varied (386,
Death from all-cause mortality 0.002-0.332 387)
Discount rate 0.035 0.015-0.060 (8)

*PSA ranges are the lower and upper 95% limits of a beta distribution calculated in

TreeAge using the reported error from the studies referenced.
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For events which do not occur at a constant rate with time (e.g. survival), probabilities
were adjusted per cycle using life tables. All-cause mortality data were derived from
UK life tables, with adjustment for gender, age and breast cancer mortality (386). A
1970 birth cohort was applied, starting at age 50 years. Breast cancer mortality was
based on published estimates (Kaplan Meier curves) but only applied to women with
metastatic disease (25, 40). The transition probabilities used in the model are given in

Table 8.2.

ii) Costs and resource use

Resource use and costs incurred to healthcare services were inputted as model
parameters in accordance with the assumed national health perspective. All costs were
reported in 2018 GBP Sterling (£) using the UK hospital and community health services

index (388) and were discounted at 3.5% (8).

The costs incorporated into the model are outlined in Table 8.3. Inpatient and follow-up
costs are included. Direct medical costs for active monitoring, initial treatment, ongoing
treatment and follow-up were derived from local hospital data, NHS cost unit tables
(389), the British National Formulary and estimates reported in economic evaluations of
breast screening programmes (26, 390). Staff costs were calculated using nationally
recognised reference costs (388). A weighted average was taken where a combination of
treatment was applied simultaneously for the same intervention (e.g. diagnostic
investigation includes the cost of imaging and biopsy). Resource use for active
monitoring was estimated by clinical experts due to the uncertainty in health service use

relating to the blinded nature of the LORIS trial.
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For the probabilistic sensitivity analysis, cost data were constrained to be non-negative
and were made up of counts of resource use weighted by unit costs. In standard
statistics this type of data is represented by a Poisson distribution, or a gamma
distribution (179). A gamma distribution is constrained by an interval of 0 to positive
infinity and is thus appropriate to represent cost parameter uncertainty. To fit a gamma
distribution parameterised as gamma, y (a, B) to the data in Tree Age (372), the mean
and variance in the observed sample from the literature is set equal to the corresponding

expression for mean () and variance (s®) of the distribution (179), where:

Equation (5) u = o.p
and

Equation (6) s* = a.p?

The above equations are subsequently rearranged to solve for the two unknowns:

Equation (7) o.= p*/s*
and

Equation (8) B* =s* n

Where the standard error was not reported in cost tables it was assigned the same value
as the mean. For example, for mammography the parameters of the gamma distribution
are estimated from the equations above, where: a = 56/56 = 1 and = 562/56 = 56,

resulting in a gamma (1, 56).
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When distributions were entered in Tree Age Pro (372), the software automatically

parameterised the gamma distribution with the reciprocal of the beta parameter (A).

Table 8.3: Cost data used in the analysis

Item Unit cost (£) Source
Active monitoring

Mammography 56 (390)
Result by letter 0.61 (391)
Specialist Breast Nurse follow-up (non-face to 24 (389)
face)

Diagnostic investigation (imaging and biopsy) 289 (389)
Breast multi-disciplinary team review 96 (389)
Standard treatment

Breast conserving surgery 1450 (26, 389)
Adjuvant radiotherapy 1800 (26, 389)
Mastectomy (no reconstruction) 2810 (26, 389)
Mastectomy (with reconstruction) 2920 (389)
Endocrine therapy (Tamoxifen) 287 (391)
Sentinel lymph node procedure 3074 (389)
Extra treatment for progressed disease 11,918 (390)
Metastatic breast cancer 15,787 (390)
Palliative care 20,685 (26)
Mammogram 56 (390)
Breast cancer specialist follow-up 130 (389)

*All costs are presented in 2018 (£) Sterling

iv) Utilities

Utilities representing the impact of treatment on quality of life on a scale of 0 (dead) to

1 (perfect health) were applied to women transitioning through each health state in the

model. Baseline utility was assigned to each woman on entry into the model using age-

specific female EQ-5D tariffs for the UK general population (244).

Utilities for individual health states collected in the empirical study (Chapter 6) and

systematic review (Chapter 4) were then applied for each of the health states to adjust
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baseline utility as women moved through the model and accrued benefit and harm. This
included intermediate payoffs, such as the disutility of undergoing further investigation
for a suspicious monitoring mammogram, so that all relevant effects on quality of life
were represented in the model. The non-patient population EQ-5D values from the
empirical study were used in the base-case analysis to ensure consistency between the
utilities applied in line with NICE recommendations (8), and to avoid the ceiling effect

observed in the standard gamble.

For the base-case analysis, utilities from both the empirical study (capturing
overdiagnosis) and systematic review (284) (unlikely to capture overdiagnosis) were
applied in two separate runs of the model to observe the potential effect of including
this disutility on QALYs. Where the duration of utilities lasted less than the yearly time
cycle, QALY were adjusted so that the total utility for each of the health states added
up to one year. For example, if the utility for diagnostic investigation lasted for 5 weeks,
followed by a utility of 0.880 for the remaining weeks of the year for a negative result
(i.e. they remain in low-risk DCIS monitored) then the annual utility in a year is
calculated as: (0.895 x 5/52) + (0.880 x 47/52) = 0.881 and the QALY disutility is 1-
0.881 =0.119. Other disutilities were calculated using the same technique. A full list of

the utilities and durations applied in the model is shown in Table 8.4.

iv) Discounting

Both costs and benefits were discounted at 3.5% per annum in the base-case analysis, as

recommended by NICE (8). Discount rates were varied in a one-way sensitivity analysis
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to reflect the variation in tariffs stipulated by the British Treasury green book (i.e. 3.5%

costs, 1.5% benefits) (392) and other decision bodies (356).

Table 8.4: Health state utility data used in the model

Empirical Sys. review  Source Duration
Health state utility (SD)  utility (SD)
Base-line population age-specific utility
45-54 years - 0.846 (244) 1 year
55-64 years 0.815
65-74 years 0.777
=75 years 0.712
Active monitoring
Low-risk DCIS (monitoring) 0.880 (0.13) = 0.830 (0.24) (332) Lifelong
Patient elects to stop AM - 0.990 (0.01) (393) 1 week
Progressed DCIS 0.550(0.27)  0.890 (0.16) (248) 10 months
Diagnostic investigation - 0.895 (0.2) (176) 5 weeks
Missed progression - 0.660 (0.29) (58) 1 year
Standard treatment
Breast conserving surgery alone 0.800 (0.14) = 0.900 (0.15) (248) 1 year
Breast conserving surgery + radiotherapy 0.700 (0.19) = 0.900 (0.14) (248) 1 year
Mastectomy 0.580 (0.23) = 0.790 (0.27) (254) 1 year
Disease free (treated low-risk DCIS) - 0.844 (0.20) (250) 1 year
Recurrence (progression) 0.550 (0.27) = 0.779 (0.20) (250) 10 months
BCS and radiotherapy for progression - 0.810 (0.19) (248) 1 year
Mastectomy for progressed disease - 0.840 (0.18) (248) 1 year
Endocrine therapy - 0.820 (0.17) (176) 10 years
Sentinel lymph node procedure - 0.900 (0.14) (235) 2 months
Disease free (treated progression) - 0.779 (0.22) (250) 1 year
Invasive progression (recurrence)
Metastatic breast cancer - 0.685 (0.19) (250) 1 year
Palliative care - 0.288 (0.15) (176) Until

death

* Utility values are rounded to 3 decimal places

8.4.10 Analysis

8.4.10.1 Model outputs

Outcomes were primarily measured in terms of cost per QALY, although clinical

outcomes such as the number of surgeries, progressions and breast cancer deaths were

also captured in the model. A summary of the model parameters and outputs is provided

in Table 8.5.
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For the base-case analysis outcomes were compared for active monitoring and standard
treatment using the utilities derived in the empirical study and the utilities from the
literature. Results were reported as an incremental cost effectiveness ratio (ICER), in
terms of the cost per QALY gained between standard treatment and active monitoring.
If an intervention was less costly and generated a greater number of QALYs, it was

reported as dominant.

Table 8.5: A summary of the model parameters and outcomes

Model Parameter or analysis
Population Women aged 50 years with low-risk DCIS
(1970 UK female birth cohort starting at age 50 years)
Intervention Active monitoring (yearly mammogram)
Comparator Standard treatment (surgery +/- radiotherapy)
Outcomes Cost per QALY, ICER, breast cancer deaths
Perspective UK National Health Service (2018 GBP)
Time horizon Lifelong
Cycle length 1 year
Sensitivity analysis | One-way, deterministic and PSA.
Cost-effectiveness threshold £20,000 per QALY gained

8.4.10.2 Sensitivity analyses

The model parameters described thus far were used in the base-case analysis. To
evaluate how the results were influenced by the model assumptions and parameter
uncertainty, one-way sensitivity analyses were conducted around key variables
(probability of invasive progression, costs and discounting etc.). Specifically, this
required changing one variable at a time to determine how the cost-effectiveness varied

according to each parameter. Where one parameter was changed to create a new
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possible scenario (e.g. changing the start age of women in the model from 50 to 60

years) this was termed a deterministic sensitivity analysis.

Probabilistic sensitivity analysis was also performed using distributions instead of
expected values to test parameter and overall decision uncertainty. This was calculated
by running 1,000 individual trials via second order Monte Carlo simulation, with sets of
draws randomly sampled from probability distributions around the parameters. The
advantage of this type of analysis is that all parameter uncertainties can be varied
simultaneously. Uncertainty around event probabilities and utilities were represented

using P distributions and costs using y distributions as outlined above (179).

8.4.10.3 Model validation and quality assessment

The model was validated using three separate processes. First, the number of breast
cancer deaths simulated in the model were compared with breast cancer mortality in UK
national cancer tables for women (394). Breast cancer specific mortality in the model
was comparable to that observed in national data and other treatment models of breast
cancer surveillance (103). Second, a series of logic tests in which mortality and
transition probabilities were modified to extreme values (+/- 25% of the baseline value)
were undertaken to test whether the model worked as expected, i.e.
increasing/decreasing the probability of progression actually resulted in an
increase/decrease in the number of women developing cancer in the model. Third, the
model pathway was reviewed by both clinicians and health economists to determine
whether the outputs were sensible and indicative of the likely natural history of the

disease (face validity).
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The cost-effectiveness of active monitoring is dependent on the outcomes of the LORIS
trial, the results of which are not expected until the trial is completed in 2025. Clinical
implementation of active monitoring is ultimately dependent on the efficacy and safety
in women with low-risk DCIS and not the sensitivity of costs and utility estimates at
this stage of the investigation. Therefore, a value of information analysis was not

conducted as it was beyond the scope of the model objectives and the thesis.

8.5 Results

8.5.1 Base-case analysis

Cost utility analysis

The results for the base-case analysis are presented in Table 8.6. Two model simulations
are shown; the first corresponds to the results using the utilities from the empirical study
(Simulation 1) and the second using those from the systematic review (Simulation 2).
The results from the empirical utilities analysis (Simulation 1) suggest that active
monitoring might be cost-effective when compared with standard surgical treatment.
Active monitoring is more expensive but also yields more QALYs, with a reported

ICER of £2,125 per QALY.

In comparison, when the utilities from the literature were used in place of those from the
empirical study (Simulation 2), the magnitude and direction of cost-effectiveness is
reversed. Active monitoring is now dominated by standard treatment, i.e. active
monitoring is more expensive and yields fewer QALY than surgical excision. In this

case, where the risk of overtreatment is not included in the valuation of QALYS, active
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monitoring would be unlikely to be considered by policy makers as it is inferior to

standard treatment in terms of both costs and outcomes over a lifelong time horizon.

Table 8.6: Results from the cost-effectiveness analysis using empirical study and

systematic review utilities

Treatment Mean Incremental | Effectiveness | Incremental ICER
Cost (£) Cost (£) (QALY5s) effectiveness | (Cost/QALY)
(QALYs)
Simulation 1: Results of the model using the utilities from the empirical study
Standard 20,503 12.84
treatment
Active 21,098 595 13.12 0.28 2,125
monitoring
Simulation 2: Results of the model using the utilities from the literature
Standard 20,483 12.99 Dominant
treatment
Active 21,108 625 12.58 -0.41 Dominated
monitoring

The results were plotted onto the cost-effectiveness plane, presented in Figure 8.4, to
further illustrate how the disutility of overdiagnosis might impact upon the cost-
effectiveness decision. For women aged 50 years, active monitoring is dominated in
comparison to standard treatment (i.e. northwest quadrant) if the utilities from the
literature are applied (no valuation of unnecessary treatment). However, active
monitoring may be considered cost-effective (north-east quadrant), provided society is
willing to pay for it, if utilities which explicitly capture overdiagnosis are included in
the analysis. This suggests the impact of unnecessary treatment from overdiagnosis is

important in the decision around the treatment of low-risk DCIS.
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Figure 8.4: Cost-effectiveness plane comparing active monitoring against standard

treatment (surgery) using the empirical study and systematic review results

Clinical outcomes

In the base case analysis (Simulation 1: empirical study utilities in women aged 50
years), 65% of women initially managed with active monitoring in the model undergo
definitive treatment because of progressed disease or patient choice over a lifelong time
horizon. The 20-year risk of ipsilateral breast cancer recurrence was higher in the active
monitoring group (24% versus 11%), but this did not adversely impact upon breast

cancer survival.

Importantly, there was no significant difference in breast cancer-specific mortality

between the two groups (20-year BCSM: 0.98, P<0.001). However, those in the active
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monitoring group required more intensive treatment, with 6% more women requiring a
mastectomy for progression compared with the standard treatment group. The risks
were reduced in women over 70 years in the monitoring group as fewer women lived

long enough for the condition to progress (18% recurrence and 4% rate of mastectomy).

8.5.2 Sensitivity analyses

8.5.2.1 One-way

One-way sensitivity analyses were performed on each of the input parameters using the
variability around the mean to determine the potential impact and key drivers of the
cost-effectiveness results. The parameters associated with active monitoring, in
particular, were critical to the model results due to the high level of uncertainty
surrounding the point estimates. The results suggest that age, duration of follow-up,
discount rate, probability of invasive progression and utility of active monitoring are
key drivers in the decision. For example, active monitoring may be cost-effective until

the associated utility falls below a threshold of 0.78.

8.5.2.2 Threshold sensitivity analysis

Further threshold sensitivity analysis was undertaken for the parameters identified as
driving cost-effectiveness results in the one-way analysis. A series of threshold
sensitivity analyses were conducted to test the main assumptions relating to; (1) start
age of women in the population, (2) time horizon, (3) discount rate, (4) probability of

progression and (5) utility of active monitoring.
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(1) Start age

If the start age of the population with low-risk DCIS is >60 years, then active

monitoring becomes dominant in comparison to standard surgical treatment.

Conversely, starting the simulation with women aged 40 years resulted in an ICER of

£8,456 per QALY compared to standard treatment. As one would expect monitoring

becomes more expensive in line with the longer follow-up time required with younger

women.

Table 8.7: Results of the cost-utility analysis per start age of women in the model

Population Strategy Mean Inc. Effectiveness | Inc effect | ICER (Cost/
Cost (£) | Cost (£) (QALYs5) (QALY5) QALY)
Start age 40 | Standard 24,488 - 14.88 - -
Tx AM 26,771 2,283 15.15 0.27 8,456
Start age 50 | Standard 20,503 - 12.84 - -
Tx AM 21,098 595 13.12 0.28 2,125
Start age 60 | Standard 15,515 - 10.44 - Dominated
Tx AM 14,355 -1160 10.71 0.27 Dominant
Start age 70 | Standard 10,818 - 7.77 - Dominated
Tx AM 8,090 -2728 8.01 0.24 Dominant

(2) Time horizon

Similar to the start age specified in the model, the cost-effectiveness of active

monitoring and standard treatment is also dependent on the duration of follow-up

accrued after diagnosis. At 31.78 years active monitoring is no longer dominant in

comparison to immediate surgery, as shown in the lower end of the ten-year categories

in Table 8.8.
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Table 8.8: Results of the cost-utility analysis for time horizon

Time Strategy Mean Inc. Effectiveness | Inc effect | ICER (Cost/
horizon Cost (£) | Cost (£) (QALY5S) (QALY5S) QALY)
10 years Standard Tx 7,012 - 5.82 Dominated

AM 3,005 -4,007 6.00 0.18 Dominant
20 years Standard Tx 11,816 - 9.50 - Dominated

AM 9,322 -2,494 9.76 0.26 Dominant
30 years Standard Tx 16,661 - 11.67 - Dominated

AM 15,869 -792 11.97 0.30 Dominant
40 years Standard Tx 19,768 - 12.65 - -

AM 20,415 647 12.93 0.28 2,311
50 years Standard Tx 20,503 - 12.84 - -

AM 21,098 595 13.12 0.28 2,125

(3) Discount rate

If the UK Treasury discount rates are applied (392) (i.e. 3.5% for costs, 1.5% for

QALYsjs) then the ICER falls from the base-case value of £2,125 per QALY to £2,052

per QALY. The costs are unchanged from the base-case at 3.5% but active monitoring

may delay or avoid unnecessary treatment, and thus future outcomes are favoured by the

1.5% discount rate. If no discount rate is applied (0% in both) the delayed intervention

accrued in the active monitoring arms becomes dominant.

Table 8.9: Results of the cost-utility analysis for discount rate

Discount Strategy Mean Inc. Effectiveness | Inc effect ICER
rate Cost (£) | Cost (£) (QALYs5) (QALYs5) (Cost/
QALY)
0% Standard 40,330 - 22.05 - Dominated
Tx AM 38,071 -2,259 22.34 0.29 Dominant
3.5%/1.5% | Standard 20,503 - 17.13 - -
Tx AM 21,098 595 17.42 0.29 2,052
3.5% Standard 20,503 - 12.84 - -
Tx AM 21,098 595 13.12 0.28 2,125

(4) Probability of progression
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There was considerable uncertainty surrounding the transition probability of invasive

progression in the model due to a lack of data for untreated DCIS beyond a 20 year time

horizon. As such this was identified as a key driver of cost-effectiveness. A 20% risk of

progression in 20 years was modelled in the base case analysis using the limited

estimates published in a retrospective cohort analysis of DCIS managed via biopsy

alone (379), resulting in an ICER of £2,125 per QALY. If the probability of invasive

progression is reduced to 10% then active monitoring is dominant, however if the risk is

increased to 40% then the direction is reversed (i.e. active monitoring is dominated).

Table 8.10: Results of the cost-utility analysis for probability of progression

Prob. of Strategy Mean Inc. Effectiveness | Inc effect | ICER (Cost/
progression Cost (£) | Cost (£) (QALY5) (QALYs5S) QALY)
10% Standard 20,438 - 12.83 - Dominated

Tx AM 13,917 -6,521 13.35 0.52 Dominant
20% Standard 20,503 - 12.84 - -

Tx AM 21,098 595 13.12 0.28 2,125
40% Standard 20,440 - 12.84 - Dominant

Tx AM 33,811 13,371 12.71 -0.13 Dominated
(5) Utility of AM

The utility of active monitoring was a key driver of cost-effectiveness. In the base case

analysis, the utility from the empirical study (0.880) yielded an ICER of £2,125 per

QALY. However, if the utility of active monitoring is reduced (0.780), so that the

quality of life associated with surveillance is less accepted, then active monitoring is

dominated by standard treatment (Table 8.11). Conversely, if the utility of active

monitoring is increased (or the utilities associated with standard treatment are

decreased) then the analysis favours the direction of active monitoring.

Table 8.11: Results of the cost-utility analysis for utility of active monitoring
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Utility of Strategy Mean Inc. Effectiveness | Inc effect ICER
AM Cost (£) | Cost (%) (QALY5S) (QALYs5S) (Cost/
QALY)
0.780 Standard Tx 20,363 - 12.85 - Dominant
AM 21,042 679 11.89 -0.96 Dominated
0.880 Standard Tx 20,503 - 12.84 - -
AM 21,098 595 13.12 0.28 2,125
0.980 Standard Tx 20,566 - 12.83 - -
AM 20,848 282 14.35 1.52 186

8.5.2.3 Probabilistic sensitivity analysis

Figure 8.5 presents the results of a probabilistic sensitivity analysis which demonstrates

the uncertainty surrounding the optimal management of low-risk DCIS. Although there

is a 70% chance that active monitoring is cost-effective with no willingness-to-pay

threshold, this probability is reduced to 47% at the standardised NICE threshold of

£20,000 per QALY. In contrast, the probability that standard treatment is cost-effective

at the £20,000 threshold 1s 53%. As such, there is no clear decision in favour of one

treatment over the other in terms of costs and effects. This finding is reinforced by the

incremental cost-effectiveness plane (Figure 8.6), which displays the widespread

heterogeneity in the distribution of potential costs and effects for active monitoring

versus standard surgical treatment, correlating with individual heterogeneity in

preferences (utilities) toward treatment.
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8.6 Discussion

8.6.1 Main findings

In this chapter, an economic model comparing active monitoring with standard
treatment was presented to illustrate the application of the utilities from the empirical
study. The economic evaluation was first conducted using the values from the empirical
study to generate QALY's, and then re-estimated using the utilities identified in the
literature review to assess the impact of including the disutility of overdiagnosis on the
cost-effectiveness results. It was assumed from Chapter 6 that the description of
overdiagnosis explained (in part) the differences between the utilities in the empirical
study and other studies, so that the findings could be applied in the economic model

presented in this chapter.

Keeping everything else constant, if cost per QALY results are compared using the
utilities from the empirical study and the literature then the inclusion of the disutility of
overdiagnosis changed both the magnitude and direction of cost-effectiveness in the
treatment of low-risk DCIS. The relative cost-effectiveness of active monitoring
compared to standard treatment for women aged 50 years is £2,125 per QALY using the
utilities derived in this thesis. This means that every additional QALY costs an extra
£2,125. As the NICE guidelines recommend new interventions into practice if the ICER
is below a threshold of £20,000 per QALY (8), active monitoring might be considered
cost-effective and recommended for low-risk DCIS provided the clinical efficacy data

from LORIS is favourable.
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However, the decision would be reversed if the results using the utilities from the
literature (which do not factor overdiagnosis into the valuation) are applied. When this
harm is not explicitly valued in terms of quality of life, active monitoring was
dominated by standard treatment over a lifelong time horizon. This finding is important
because it suggests that the disutility of overdiagnosis and unnecessary treatment is
likely to impact the decision on breast cancer treatment. Misplaced breast cancer
screening and treatment decisions may be made unless the benefits and harms are
valued appropriately. This suggests that it is important that the harms of overdiagnosis
are factored into future breast cancer policy through the selection of appropriate

utilities.

The impact of overdiagnosis on quality of life when quantified appropriately does
matter. However, there is considerable uncertainty surrounding the magnitude of this
harm. Deterministic (one-way) analysis showed that the cost-effectiveness of treatment
for low-risk DCIS was sensitive to the risk of invasive progression, perceived utility of
treatment, duration of follow-up and age. This indecision was highlighted further in
probabilistic sensitivity analysis whereby both surgery and monitoring strategies yielded
similar results. Given the uncertainty around outcomes related to overdiagnosis,
decision making for low-risk DCIS will remain problematic until the results of clinical
trials for active monitoring are known. The results of this preliminary economic model
do not suggest that active monitoring is likely to be a viable and cost-effective option
given the uncertainty and PSA results. However, the threshold analysis suggests that

future analyses directed at older women (>60 years) with localised disease who may
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wish to reduce the risk of unnecessary treatment may benefit from further research once

the results from LORIS are known.

8.6.2 Strengths and limitations

A strength of the evaluation presented in this chapter is that it has applied novel utilities
collected prospectively to ascertain the potential impact of including net harms on
treatment decisions for low-risk DCIS. It builds on the findings from Raftery (31) by
explicitly capturing the disutility of the risk of overtreatment in the economic evaluation
of breast cancer treatment. By comparing QALY's using utilities which capture the risk
of unnecessary treatment with those from the literature, the direction of cost-

effectiveness is changed suggesting it is likely key to the decision on cost-effectiveness.

The results are important in informing the debate about the management of low-risk
breast cancers identified through screening as they demonstrate how the explicit
inclusion of overtreatment (from overdiagnosis) may impact the evidence informing
policy. Furthermore, the model was based on a thorough review of published models for
active monitoring in the wider oncological setting, and the illustrative pathway was

validated through discussion with clinical experts.

A limitation of the model is the significant uncertainty surrounding invasive progression
estimates and resource use in the active monitoring arm. Sensitivity analysis showed
that this did have a significant impact on cost-effectiveness estimates, but further
refinement of these parameters is dependent on the future publication of the results from

clinical trials such as LORIS (27). Assumptions regarding transition probabilities had to
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be made given the paucity in published progression data for low-risk DCIS.
Consequently, the probability of progression is assumed to continue proportionally
despite the chance that low-risk DCIS may recede or remain dormant over time.
However, this limitation is unlikely to have had a significant impact on the results given

the main objectives of the model as an illustrative vehicle for the application of utilities.

A further potential limitation is the uncertainty surrounding the magnitude of the
disutility of overdiagnosis. This analysis applied the values derived in the empirical
study, but in reality women are likely to self-select treatment in the direction of their
preferences (i.e. women who place a greater disutility on overdiagnosis are more likely
to choose and value active monitoring, and those who do not will opt for surgery).
Given the diversity observed in treatment preferences and clinical practice, it is unclear
as to which utilities should be applied in the evaluation of low-risk DCIS nor whether
the observed differences may be due to other factors. The model also assumed that the
differences in the results in the base-case analysis from applying the empirical study and
systematic review utilities were mostly related to overdiagnosis, but other factors are
likely to have contributed to the differences in part. Regardless the results do suggest
that the risk of potential overtreatment is likely to impact upon the decision, but further

research is necessary to clarify the magnitude of this harm on decisions.

8.6.3 Comparison to the literature
To current knowledge, this is the first model-based evaluation to explore the cost-
effectiveness of active monitoring for ductal carcinoma in situ. Whilst active monitoring

has been shown to be cost-effective in other low-risk cancers including prostate (364)
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and cervical (395), there has been no exploration of the potential policy implications of
surveillance for DCIS in the breast cancer setting. One computational analytic model
(103) has been published relating to active surveillance for DCIS, but the focus of the
model was aimed at estimating the 10-year disease-specific cumulative mortality for

AM and the authors did not conduct an analysis of costs or quality of life in the results.

8.6.4 Implications for health policy

Based on the data from the model, the economic evaluation does not suggest that either
active monitoring or standard treatment is superior in the management of low-risk
DCIS. Rather, the results provide clear evidence in support of the inclusion of utilities
which appropriately capture the benefits and harms associated with each treatment,
particularly overdiagnosis. The implications of the main findings may have profound
impact for both breast cancer screening and treatment policy, as when the net harm of
overtreatment is factored into the decision, the direction of cost-effectiveness is
potentially changed. The findings support the suggestion by Francis (30) that the
overtreatment of low-risk DCIS may be doing more harm than good after 10 years if the
disutility of overdiagnosis is not factored into the decision-making process. Policy
makers must ensure that the evidence informing decisions appropriately captures the
benefits and harms so that treatment is targeted appropriately. Refining the model with
more accurate input values is necessary on completion of the LORIS trial so that policy

makers can make informed decisions.
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8.6.5 Further research and recommendations

The results from this chapter make an important contribution in understanding the
association between breast cancer treatment and the harm of overdiagnosis. The explicit
inclusion of overdiagnosis in the utilities from the empirical study was found to be a key
driver (among other variables) of cost-effectiveness in the evaluation of treatment of
low-risk DCIS, re-iterating the need for more conclusive evidence on the true harms of
overdiagnosis on quality of life. It is necessary to explore the wider implications of this
harm on breast cancer screening policy by including these effects in a decision analytic
model of mammography screening. Only then may the debate about breast cancer

screening and the potential cost-effectiveness of active monitoring be truly addressed.

8.7 Conclusion

In this chapter, the utilities from the empirical study were applied in an economic model
representing the management of low-risk DCIS based on the LORIS trial. The results
suggest that the disutilities associated with active monitoring and conventional
management of DCIS are important in the assessment of the cost-effectiveness of the
benefits and harms of DCIS treatment. When the model was re-run using the utilities
from the literature (whereby women may not have been aware that the treatment may
have been unnecessary), the results imply that active monitoring is no longer cost-
effective. The disutility of overdiagnosis is thus likely to have a significant impact on
cost-effectiveness and the evidence informing policy decisions for patients with low-
risk disease. The findings illustrate the importance of including the net benefits and
harms in the decision. However, the model is exemplar and therefore no conclusions

can be made on the likely cost-effectiveness of active monitoring versus standard
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treatment, as reiterated in the probabilistic sensitivity analysis and the significant
uncertainty around the risk of invasive progression. In the next chapter, the ideas
driving the differences in utilities observed in the empirical study and economic model

are considered in a qualitative analysis of women’s preferences toward DCIS treatment.
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CHAPTER SUMMARY

What is known

The literature on economic models of active monitoring for screen-detected
cancers suggest a state-transition model (ISM) with yearly transitions is optimal
for comparing active monitoring with standard treatment.

A state-transition model was designed to model women with low-risk DCIS
indicative of the LORIS trial.

A hypothetical cohort of 50-year old women with low-risk DCIS randomised to
active monitoring or standard treatment (surgery +/- radiotherapy) were

modelled using a yearly cycle and lifelong time horizon.

What this chapter adds

The inclusion of the benefits and harms of treatment in the utilities applied in
the economic evaluation of DCIS treatment is important. Active monitoring
might be cost-effective compared with standard treatment when using the
utilities from the empirical study (overdiagnosis captured) but is dominated
when the values from the literature are applied (no overdiagnosis).

Threshold analysis was sensitive to the probability of invasive progression,
utility of active monitoring, time horizon, age and discount rate.

The results suggest that overdiagnosis is important in the decision on breast
cancer treatment (further research is required to validate the precise impact upon

breast cancer screening programmes).
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CHAPTER 9

A qualitative study of women’s preferences for treating DCIS

9.1 Introduction

So far in this thesis the primary consideration has been the measurement and valuation
of the benefits and harms of treating ductal carcinoma in situ in terms of utility. In
Chapter 6, it was observed that women valued active monitoring more favourably than
invasive treatment on average, and utilities for health states explicitly describing
overdiagnosis were lower than those previously elicited from the literature. These
values are important in quantifying the overall preferences of the population and
informing economic evaluation, but they do not explain the individual variation relating
to how these benefits and harms are perceived. Breast conserving surgery and
radiotherapy are common practice for most women diagnosed with DCIS at
mammography. However, treatment preferences are diverse with some women opting
for a mastectomy regardless of prognosis and others feeling equally as strongly about
active monitoring. In order to understand the reasoning behind this heterogeneity, a
qualitative study was undertaken to explore the factors influencing women’s decisions

and preferences for managing low-risk DCIS.

This chapter reports the background, methods and results of the qualitative interviews
undertaken alongside the main empirical study in Chapter 6. The objective was to gain
an insight into the factors underpinning how utilities are understood and interpreted and

a fuller understanding of patient preferences for managing low-risk DCIS. The chapter
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begins with a brief introduction into qualitative research methods and their associated
theoretical assumptions. The chapter concludes with a thematic analysis of the data
collected and a summary on how utilities and disutilities might be conceptualised by
women with experience of the treatments and potentially overtreatment. The principal
role of the research student as the interviewer and relevance of clinical background is

considered in the interpretation of the findings.

9.2 Qualitative research in health economics

9.2.1 Qualitative research methods

Qualitative research is concerned with interpretation of the meanings people attach to
their experiences of the social world (396). It goes beyond quantitative hypothesis
testing and statistical analysis to gain an understanding of the beliefs, assumptions,
values and practices shared by a community (397) through exploration of emotional,
social and experiential phenomena. Its origin is grounded in beliefs about the nature of
the social world and what can be known (ontology), what knowledge exists and how
such knowledge can be acquired (epistemology) and the techniques that can be used to
obtain this knowledge (methodology) (398). Although conventionally adopted by social
scientists and psychologists (399), there has been increased demand for the use of
qualitative or mixed methods research in recent years (400), reflecting a need to
understand public preferences for priority setting and healthcare allocation beyond

simple numerical representation (utilities).

Understanding how resources are perceived or utilised is imperative to improving the

cross-organisation of health and social care services (8). For example, breast cancer
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management has adopted a more multidisciplinary approach as a result of the evolution
and refinement of screening, diagnosis, staging and treatment (401). Consequently,
qualitative research can improve health service delivery by supplementing clinical and
cost-effectiveness data with an explanation of the beliefs, behaviours and experiences of
those likely subject to its application (402). Such methods have been applied in the
oncological setting to explore patient and carer experiences of breast cancer treatment,
end of life care and the information needs of breast screening attendees, to improve
healthcare delivery (403). Furthermore, decision makers now advocate the involvement
of patient preferences in the planning of health services and clinical trials (8). It is
therefore important that the evidence informing policy makers includes consideration of

patient health behaviour and preferences toward treatment in the values presented (399).

Qualitative research in the field of health economics has conventionally been used to
confirm the reliability and descriptive validity of vignettes, discrete choice experiment
attributes or economic utility measures (271, 404). Coast (405) argues that robust
qualitative methods should move beyond such limited application, to provide
scientifically meaningful contribution to economic theory in priority setting and the
development of empirical data methodology. Few studies have explored the qualitative
reasoning associated with utilities, but those adopting a combined approach were able to
explain how subjects viewed and valued health relative to the axioms of expected utility
theory (406). Baker and Robinson (407) conducted semi-structured interviews with
participants completing a standard gamble. They concluded that the added discussion
after eliciting utilities helped to clarify the rationality of the decisions made in valuing

health and variation in preferences observed. Similarly, Bronsard et al. (408)
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highlighted the value of using in-depth interviews to understand the motivations and
behaviours driving willingness to pay preferences as a result of interactions in
individual and socio-cultural factors in their empirical study. Preferences toward
healthcare are complex and personal, and the application of structured qualitative data
collection alongside empirical research is necessary if the differences in the trade-off of

benefit and risk are to be fully understood.

9.2.2 Comparison with quantitative research

Qualitative research encompasses a range of techniques. This may include individual or
group interviews and the analysis of media, text and observed behaviour, to facilitate
the detailed exploration of issues about which informants may hold deep beliefs or
attitudes (405). The aim of this section is not to provide a comprehensive list of
qualitative methods, but rather an overview of the major challenges and systematic
differences in comparison with the empirical methods applied in the preceding chapters,
to inform comparison and synthesis of findings from the two approaches. There are
methodological and theoretical differences in the recruitment, collection and
interpretation of quantitative and qualitative research, all of which are discussed briefly

below.

9.2.2.1 Recruitment and sampling

Qualitative research involves the selection of a data sample with relevant characteristics
to explore elements of particular interest related to the topic (398). Data can comprise of
multiple formats; in-depth individual interviews, focus group discussions facilitated by

the researcher, ethnographic observations (observing subjects in their natural
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environment) or multi-media data relevant to the subject of interest (409). Unlike
empirical analyses, qualitative studies have a stronger emphasis on the quality of the
data collected, rather than a specified number required to determine a representative
sample of the general population from which statistical generalisations can be inferred
(405, 410). As such, a smaller number of cases, if carefully selected to answer the
research question, can be equally as insightful for an in-depth analysis of meaning and

experience. These cases may be sampled in many different ways (411):

- purposive (cases possess characteristics relevant to the themes of interest)
- opportunistic (recruitment is flexible to opportunities that arise)

- theoretical (samples are driven by theory and iteratively recruited)

- snowball (new recruits are identified through previous participants)

- convenience (cases are selected for their ease of access)

Purposive sampling, whereby women with a diagnosis of DCIS or early breast cancer
were actively recruited, was chosen for this research study to provide information-rich
data to answer the research question on how benefits and harms of breast cancer

treatment are valued by women with actual practical experience.

9.2.2.2 Empirical methods

The purpose of the health economic research will influence the design of the qualitative
methods. In choosing which method to use, health economists must consider both
economic and qualitative theory (405), dependent on whether the objective of the

research is to:
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1. Develop or enhance quantitative economic research
2. Help the interpretation of quantitative findings

3. Generate economic understanding

Interviews are the most common approach adopted in qualitative healthcare research.
Focus groups or individual interviews are most effective for clarifying the clinical
attributes or themes deemed important by those with experience in the area under study
(111,412, 413). This descriptive validation in the development of vignettes or attributes
is important for ensuring elicited preferences are meaningful and reflect the genuine
utility of the condition described (414). Interviews elicit individual understandings and

focus groups elicit shared social understandings (398).

Conversely, semi-structured or “think-aloud" interviewing may be more useful in
understanding how people interpret economic instruments (e.g. EQ-5D) (415) or direct
approaches such as the time trade-off (144) and standard gamble (416). Economic
understanding may be generated by asking participants to explain their thought process
whilst completing the interview (413). Such techniques are useful for determining
whether the informant has truly understood the task, violated theoretical assumptions or
misinterpreted the risks presented in the interpretation of findings (417). Examples of
deliberative questioning alongside the application of economic measures have been
applied to generate priorities in the provision of breast cancer screening (412), end of

life care (418), and policy makers understanding of economic modelling (419).
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Participant observation is appropriate for exploring patient behaviour in the context of
guiding policy but has been less frequently applied in the framework of health

economics (406).

9.2.2.3 Data analysis

The analysis of qualitative research is dependent on the study objectives,
epistemological stance of the researcher and nature of the data collected (399). For
example, narrative analysis requires interpretation of the language used to describe and
narrate experiences of health; discourse analysis focuses on the patterns construed with
cultural perspectives and identity (420); thematic analysis is a method applied to
identify and explore the themes in relation to the research question (398), of which
framework analysis adopts a more rigid and structured analytical approach. In contrast,
grounded theory focuses on the development of new theory throughout the data
collection process (421). It is therefore important that both the methods and analysis are
carefully designed before collaborative qualitative and health economic research in

relation to the research question being addressed.

9.2.3 Previous qualitative research on DCIS

Qualitative research investigating the impact of DCIS has increased since the
publication of the Marmot publication (3) but has received much less focus than
invasive breast disease (422, 423). A recent systematic review by Kim et al. (424)
identified 19 qualitative studies relevant to DCIS. Most studies had focused on the
psychosocial impact of treatment, the use of decision aids to communicate information

about treatment, demographic patterns and prior knowledge of the condition and risk
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perception of in situ versus invasive breast disease. Whilst the identified studies
demonstrated that most women had little knowledge of DCIS or its associated risks and
prognosis, the review highlighted a clear research gap in addressing how the benefits
and risks were perceived for low-risk disease, especially in the context of overdiagnosis

and overtreatment.

Only three (298, 299, 425) qualitative studies were identified which had explored
overdiagnosis in the context of breast cancer screening or DCIS. Hersch et al. (298)
used focus groups of 50 Australian women to explore views on overdiagnosis in relation
to breast cancer screening. They found that prior awareness of overdiagnosis was poor,
attitudes diverse, and women raised concerns about the impact overdiagnosis might
have on screening behaviour or management. Similar findings were reported by Waller
et al. (425) where British women expressed surprise at the extent of overdiagnosis
arising from breast screening programmes. However, women in their study considered
the issue of overtreatment to be more important than screening participation or
overdiagnosis, in keeping with the higher national screening acceptance and attendance
rates observed in the UK. Finally, Nickel et al. (299) explored how treatment
preferences for DCIS change with the terminology used to describe the condition. Their
qualitative study of 26 Australian women reported higher anxiety and a stronger
preference toward more invasive treatment if the phrase “pre-invasive breast cancer”
was used instead of “abnormal cells” to describe in situ disease. Women expressed an
interest in active monitoring when educated about its potential to reduce unnecessary
treatment but felt that more frequent monitoring (e.g. six-monthly) and better education

were needed if the strategy were to be implemented.
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9.2.4 Rationale for conducting the qualitative interviews

Little research has been done examining how treatment decisions are made following
diagnosis of low-risk DCIS. Whilst the findings from the studies identified by the
review (424) suggest prior knowledge of overdiagnosis is poor, less is known about
how women weigh up the benefits and harms in the decision. Similarly, there is little
evidence regarding the acceptability of active monitoring in women with DCIS.
Attitudes toward active monitoring in breast cancer have only been explored in the
context of the terminology used or hypothetical anxiety (275). Robust evidence is
required to explore how the trade-off might impact upon utility among women who are

adequately informed about the decision.

Qualitative interviews were conducted to explore the factors which influence treatment
decisions for low-risk DCIS specifically. This included investigation of how attitudes
towards overdiagnosis, risk and active monitoring might impact the utility of the
treatment chosen. It was considered important to collect data from women with
experience of the treatments as they were likely to have insight of the trade-off

associated with treating the sequelae of screening and overdiagnosis.

9.3 Aim

The aim of the qualitative study was to examine how women describe their preferences
following diagnosis and treatment. In particular, the study aimed to explore in depth the
factors influencing how women value the benefits and harms associated with treatment,
including the risk of overdiagnosis, and the acceptability of active monitoring as an

alternative management option.
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The three main objectives of the qualitative research were to:

1) Elicit the range of views relating to the overdiagnosis and treatment of low-risk
DCIS
2) Describe how the benefits and harms associated with the sequelae are perceived

3) Explain why differences in utility may exist between patients for low-risk DCIS

9.4 Methods

9.4.1 Study design

A qualitative study was conducted to investigate the factors influencing utilities in the
treatment of low-risk DCIS. The theoretical framework applied was one of
constructivism-interpretivism (426), which assumes that there are multiple realities, and
that the reality or meaning captured is one created through combined understandings of
the interviewer and interviewees (427). Specifically, a constructivism-interpretivism
approach does not generally begin with a theory but rather aims to generate or
inductively develop a theory or pattern of meanings or themes through gaining an
understanding of human experiences from the participants’ views and the researcher’s
interpretation of such experiences (426). This perspective was adopted over other
qualitative frameworks (e.g. grounded theory) to facilitate systematic comparison to
define common themes which might explain, in part, the individual heterogeneity in
utility rather than generating new qualitative theory. As seen in Chapter 6, the variation
in utilities from the empirical analysis could not be explained by socio-demographic
characteristics, suggesting that women’s preferences were likely linked to their own

understanding or experiences of health risk unanticipated by the researcher. Similarly,
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all women’s opinions are deemed meaningful and valid whether their own perception of
risk reflects the truth or not (428), and constructivism-interpretivism adopts a process of
imposing purpose in order to make the best possible assimilation to which such themes

are taken to belong to (427).

A scoping review (424) of qualitative studies in DCIS was used to inform the methods
applied in this research. The review suggested that focus groups or semi-structured
interviews were the most appropriate vehicles in which to gain perspective on women’s
thoughts, opinions and behaviour toward breast cancer screening and treatment. Whilst
focus groups facilitate participant interaction (399), they are more effective for
exploring general attitudes toward treatment. In-depth interviews offer opportunities for
women to voice their understanding of DCIS within the context of their own personal

history, family circumstances or decision making (429).

This thesis used individual interviews to explore how the benefits and harms of DCIS
management were conceptualised. Interviews produced a rich and detailed account of
each woman’s understanding and perception of DCIS treatment rather than shared
social meanings. Collecting data individually rather than in focus groups enabled a more
in-depth understanding of how women traded the benefits and harms of treatment,
without potential bias or confrontation (398). Social interaction in focus groups can

reveal shared ideas and social norms but this was not the focus of this study.
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9.4.2 Interviews and topic guide

Interviews were semi-structured and informed by an interview guide designed to
facilitate the discussion. The guide was designed to cover a range of issues deemed
likely to explain the variation in preferences related to management of DCIS, whilst
also leaving room for unanticipated factors to be raised. This included attitudes toward
disease progression and risk of recurrence, overdiagnosis, active monitoring and
potential side-effects of treatment. Opening questions were kept purposefully broad to
enable women to expand on the advantages and disadvantages considered most
important to them, with specific prompts and structured questions suggested if relevant
issues to the research question (e.g. overdiagnosis) had not already been discussed by
the interviewee (398). The guide was refined with the input of clinical experts,
qualitative health researchers and BCNA Review & Survey group members. A copy of

the interview guide is provided in Appendix 13.

All interviews were conducted face-to-face to encourage the establishment of rapport
early in the interview so that women felt comfortable discussing the sensitive issues
related to breast cancer treatment. This was deemed especially important in the context
of overdiagnosis because as Reinharz (430) suggests, preparation and trust are critical to
establishing free discussion of the issues important to both participants and the

researcher.
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9.4.3 Sampling and recruitment

9.4.3.1 Population

Cresswell (431) found that the reliability and depth of their qualitative research was
significantly improved by selecting participants with first-hand experience of the
subject under investigation. Women with low-risk breast cancer (defined as either DCIS
or early invasive breast cancer) were thus selected for interview based on their unique
experience and understanding of the benefits and harms associated with the sequelae of
breast screening. Firestone (432) argued that the validity of qualitative findings is also
dependent on ensuring a range of socio-economic perspectives relevant to the topic are
reflected. The sample frame was therefore stratified by the recruitment agencies (Breast
Cancer Network Australia and Lifepool) prior to the invitation of participants, so that
women from a range of socio-demographic backgrounds and ages were represented in

those with experience of breast cancer treatment.

9.4.3.2 Selection

Purposive sampling was used to select individuals with experience of in situ or early
breast cancer. This technique is widely adopted in economic qualitative research to
identify suitable participants likely to have knowledge or experience of the phenomenon
of interest (433). Women with DCIS or early invasive breast cancer were specified for
inclusion to enable the real-life issues surrounding treatment decisions to be explored by
those with experience of localised disease (434). Women with no breast cancer,
advanced or metastatic breast cancer, and those unable to provide informed consent or

understand and converse in English were excluded.
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9.4.3.3 Recruitment

Women were recruited from the patient cohort in the main empirical analysis (via the
Breast Cancer Network Australia Review & Survey group and Lifepool registries).
After completing the utility questionnaire, women with a history of localised or in situ
breast cancer were invited for a second interview to discuss their preferences in greater
detail. The details of interested participants were tabulated in a spreadsheet (Microsoft
Excel 2018), and a random number matrix was used to generate a sample list and order
to invite for interview. A convenient date and time for interview was arranged by email
or telephone for those selected. Interviews were conducted in both affluent and deprived

suburbs of Melbourne to ensure diversity of socio-demographic characteristics.

9.4.3.4 Data collection

Interviews were carried out face-to-face in a private room at the university or a local
community facility in Melbourne. The venues were selected for comfort and
convenience as it was felt that a quiet or relaxed environment would improve
interpersonal communication (399). Two interviews were conducted via
telecommunication to accommodate those unable to travel due to extremes of distance
or disability. Although it is argued that telephone interviews may hinder rapport (435),
the interviewer had already established an initial relationship with the women in the

quantitative phase of the research which included face-to-face engagement.

The interviews were conducted by a single researcher (HB) who had clinical experience

of working in breast cancer surgery. This was made explicit to participants for

consistency but may have changed the dynamic of the interview toward a clinician-
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patient focus. Participants were required to give written consent prior to commencing
the interview and were asked to complete a short socio-demographic questionnaire after
finishing the discussion. Interviews followed a semi-structured format to cover the
topics perceived to be important to DCIS but remained flexible to allow women to
highlight any additional issues deemed relevant to the discussion. The questions were
structured using a funnelled approach which encourages logical progression from broad
to specific inquiry (436). Initial questions were phrased openly to encourage women to
talk freely about their preferences toward treatment, with follow-up questions and

probes used to gain clarification or a deeper understanding of the pertinent issues.

9.4.3.5 Sample size

Sample size was not determined a priori because qualitative estimates vary enormously
depending on the scope and purpose of the research. All opinions in qualitative research
are considered valid and thus there are no tests of statistical significance to determine
when meaningful conclusions are likely to be met (437). Instead, data were collected
until the basis of theoretical saturation, whereby no new theoretical insights or themes
were identified through subsequent interviewing (438). This was determined as the
point at which participants consistently reported similar accounts, such as repetition of
knowledge relating to DCIS, overdiagnosis or the side-effects of treatment. This
technique aligns with the principles of sample adequacy described by Bowen who
recommends the collection of data until “the same comments are heard from different
participants in different places,” ((439): p.148), to ensure complete and truthful

theoretical representation of the condition is met.
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9.4.4 Data transcription and analysis
All data were managed using NVivo V11 software. Interviews were audio-recorded
with participant consent, anonymised and transcribed verbatim by the research student

(HB) to ensure a reliable account of participants’ views.

A framework analysis was adopted to identify potential themes, code and analyse the
data. This approach uses a systematic process to identify, analyse and report trends
within the data, and was chosen so that the issues most relevant to women could be
stratified into collective domains using a transparent approach (398). Furthermore, the
framework method is useful for evaluating data where participants may have contrasting
opinions or experiences (440), and provides a holistic overview of themes that may not
have been anticipated by the researcher but are deemed important to the analysis (441).
This caveat was essential given the aim was to understand women’s preferences for
managing DCIS. Certain codes were induced by the study objectives (e.g. risk
perception following treatment, side-effects of treatment), whereas others (e.g.
knowledge of DCIS, personal circumstances) were deduced directly from the data.

The five-stage process described by Ritchie and Spencer (441) was used to analyse the

data, and is summarised in Figure 9.1.
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1. Transcription and familiariastion

2. Initial coding

3. Developing the framework

4. Applying the framework and indexing

5. Mapping, analysis and interpretation

Figure 9.1: A flow diagram of the five-stage process for framework analysis

To ensure consistency in the presentation of data, a single researcher (HB) was
responsible for carrying out transcription. Transcripts were subsequently checked
against audio-recordings to resolve any inconsistencies and re-read multiple times to
improve familiarisation with the data. This required the researcher to become ‘fully
immersed’ in the data and initial impressions, strong views or contrasting opinions

toward treatment were noted in margins (441).

Open coding of the transcripts was undertaken in the second step of the analysis using a
line-by-line approach. Initial ideas were noted, coded and subsequently grouped into
potentially relevant themes. This included single words or phrases and provided a
starting point on how the themes could be grouped in the next stage of the analysis

(440). As key concepts related to DCIS were identified, the process became more
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refined to encompass larger sentences and paragraphs, facilitating a deeper
understanding of the underlying issues and themes (421). This was initially performed
both manually and electronically for thoroughness, whereby interesting excerpts were
highlighted and allocated an initial label. An example of the first codes from one of the
interview transcripts is provided in Figure 9.2. Here the patient talks about some of the
personal factors and concerns related to treatment. The underlined sections emphasise
the researcher’s initial thoughts on important aspects worth noting, which were later
refined and labelled under ‘practical considerations’ as part of the ‘psychosocial impact

of treatment’ code.

Following on from the initial coding, recurrent themes were used to develop a thematic
framework to sort the data for analysis (Appendix 14). Codes were iteratively refined
and re-grouped by three researchers (the research student and two independent
academics with experience in qualitative research) to ensure consistency in the labels
derived. Where differences in interpretation existed, further clarification was sought to
revise the framework. For example, where one code was labelled as ‘convenience’,
another researcher categorised it as ‘practical considerations.” There was also overlap
between some of the initial themes relating to overdiagnosis, worry about progression
and active monitoring which were re-grouped into a single overarching code of
‘uncertainties about the benefits and harms of treatment” which better encompassed all
three labels. The final framework encompassed four codes split into 14 nodes or themes,

as is shown in Figure 9.3.
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The final framework matrix was subsequently applied to each transcript as part of the
fourth stage of analysis using NVivo version 11. Indexing involved systematically
reviewing each interview a second time and applying the index codes to an appropriate
passage of text (442). Data were charted against existing labels and regrouped under the
thematic framework. Specifically, this required ‘lifting’ the data from its original
context and rearranging it within the themes identified during indexing. This facilitated
early interpretation of the main arguments generated within each theme, particularly

relating to participants’ opinions around uncertainty of overdiagnosis.

Once all the data were charted using the analytical framework, excerpts from transcripts
were applied to each code so that the preferences of the participants in the study were

reflected in the analysis of the data. Final interpretation was generated by reviewing the
matrix and mapping individual interviews to exemplify the important underlying issues
(441). This stage of the analysis was critical to answering the objectives of the research,

with the support of evidence quoted directly from the interviews.
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Figure 9.2: Initial coding notes and labels

Coding labels

Rural divide

Convenience

Perception of risk

Side-effects

Frequency of
monitoring

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Qualitative interview 18 (Q18)

1: Would you think about the idea of monitoring? Do you think people would
think about it?

R: Like having a mammogram every year to keep an eye on it rather than having
the surgery? Well yes, | mean. Maybe not if you live in the country, trying to get
there. But for me to get monitored by my GP, it’s fifteen minutes from my house.
Going once a year is no big deal.

I: You don’t think you’d be overly anxious or anything?

R: I don’t think so because it’s pre-cancerous. I think if you were monitoring an
invasive lump then that’s different. I’d quite like to know how long my DCIS had
been there. I know I asked at the time and they said quite a while. Certainly, within
two years. I mean, I had a mammogram two years before and there was nothing
there then.

I: Do you think people would rather monitor than have the surgery? Not in your
case but if it had been low risk.

R: I would have thought people would rather not have surgery and would be
monitored. I mean, surgery is severe and um...look, all I can say is if [ was given
the information that it’s pre-cancerous, we’ll keep a close eye on it...it might mean
you have to go here in a year...I mean, how long would they monitor it for?

Notes and ideas

Urban versus rural
differences

Treatment preferences
dependent on
accessibility, location.

Differentiation (risk)
between DCIS and
invasive breast cancer

Side-effects of
surgery debilitating

Frequency/ follow-up
of monitoring likely
important to its
acceptability

235




Table 9.1: Coding framework matrix

CODE DESCRIPTION

Understanding of DCIS

Awareness Prior know{gdge of the condition, likelihood of having any experience or understanding
of the condition

Terminology Effect of terminology used on level of concern or treatment preferences, discrepancy

between diagnosis and treatment

Relationship to
invasive breast
cancer

Expectations of DCIS as a breast cancer, discrepancy between expectation and reality,
ability to differentiate from invasive breast cancer

Perception of risk

Perception of the risk associated, urgency of treatment, uncertainty in risks with
spectrum of disease, connotations with recurrence and death

Information and communication about the benefits and risks

Sources of
information

Friends, family, patients, BCNA support networks, decision tools, leaflets, social media,
“Dr Google” , framing, research and technological advancements

Feeling involved
with care

Choice offered, personalised treatment plans, time to process, information balance
(benefits and harms discussed)

Role of the doctor

Education, explanations, trust, decisional conflict, heterogeneity in practice,
power/bias, clinical recommendation

Uncertainties about the benefits and harms of treatment

Attitude toward
overdiagnosis and
overtreatment

Attitudes, prior knowledge and worry about lack of awareness, scepticism (non-
believers) vs cynicism (ulterior motive, media influence), paradox of overtreatment,
ethical concerns (women have a ‘right to know’ and be treated), regret they were not
informed/unnecessary treatment

Implications and
worry about
progression

Challenges in decision making due to unknown, fear and anxiety, regret,), impact on
breast screening, risk averse

Active monitoring
and de-escalation

Acceptability, attitude, heterogeneity in views on uptake (positive vs negative), risk
threshold, frequency of monitoring, costs (insurance), follow-up (safety-netting),
comparison to other screening programmes (e.g. cervical & prostate cancer), flexibility
to change mind

Psychosocial impact

of treatment

Quality of life

Anticipated impact of side-effects on life and relationships, emotional response, sense

of finality

Social meanings

Purpose of breasts, body image, identity as a woman, sexuality, “normality”, stigma,
stereotypes (positive and negative)

Practical
considerations

Age, health, family (children or breastfeeding infants), support from partner or friends,
financial, cover (access to private vs. public healthcare), personality and attitude
toward risk, accessibility, rural-urban divide

Fitting in with role
and responsibilities

Factors more than just convenience, how decisions made to fit in around life and
role/sensibility as a woman or mother, impact to working or family practice
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9.4.5 Ethical considerations and validation
Ethics approval was sought to conduct additional qualitative interviews from the University
of Melbourne Health Sciences Ethics Sub-Committee (ID: 1750252) and may be found in

Appendix 15.

Anticipated ethical challenges were considered prior to commencing the research. All
interviews were anonymised to safeguard patient identity and confidentiality. Data were
securely secured on a password protected university network that could only be accessed by
the research student, and consent forms were stored separately to the transcripts. Patients
were signposted to sources of further information and support at the end of the interview. No

financial incentive was provided.

A written summary of the results was provided to the registries for circulation to participants.
This enabled interviewees to raise any issues identified in the subjective interpretation of the
transcripts and ensure accurate interpretation of meaning by the researcher (443). Patterns of
convergence between the interviews and original utilities were also undertaken to corroborate

the overall interpretation of results (444).

The results are reported against ‘Consolidated criteria for reporting qualitative research’

(COREQ) (445) and ‘Standards for reporting qualitative research’ (SRQR) (446) guidelines,

in keeping with good qualitative research practice (Appendix 16).
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9.5 Results

9.5.1 Sample characteristics

Twenty-six women were interviewed between May and September 2018, at which point
saturation was achieved and recruitment was stopped. Interviews lasted an average of 39
minutes (range 17-70 minutes) and all women completed the interview in full. Most women
had a diagnosis of DCIS (n=13) or early invasive breast cancer (n=9), but few had mixed

(n=3) or uncertain (n=1) in situ diagnoses, all within the last 10 years.

The characteristics of the women sampled are given in Table 9.2. Patients ranged in age (43-
73 years) and experience of breast cancer treatment. Whilst most women had undergone
surgical management (n=24), additional treatment with adjuvant radiotherapy, endocrine
therapy or surveillance was more variable. Three-quarters (n=20) of the sample reported little
or no worry about breast cancer and two-thirds (n=17) of women would have considered

active monitoring for low-risk DCIS had it been a viable option.

9.5.2 Framework analysis
The framework analysis identified four main themes arising from the data relating to the

challenges and treatment decisions associated with DCIS:

(1) Understanding of DCIS
(2) Information and communication about the benefits and risks
(3) Uncertainties about the benefits and harms of treatment

(4) Psychosocial impact of treatment

Direct quotations are presented verbatim (with the use of ellipses to represent omitted text) to

illustrate the heterogeneity in patient responses highlighted within each theme.
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Table 9.2: A summary of participant socio-demographic characteristics (n=26)

ID Age Diagnosis | Treatment Worry Consider
(years) about BC AM?

1 66 DCIS Mastectomy, endocrine No worry Yes
2 63 DCIS BCS/RT No worry Unsure
3 60 Early IBC | BCS/RT, Mastectomy, endocrine Some Unsure
4 62 DCIS BCS, Mastectomy Little No

5 65 Early IBC | BCS/RT, endocrine Little Yes
6 67 DCIS Mastectomy No worry No

7 57 DCIS Mastectomy Some No

8 53 Early IBC | Mastectomy Little Yes
9 70 DCIS/IBC | BCS, Mastectomy Some Yes
10 59 Unsure Monitoring Little Yes
11 62 DCIS Mastectomy, endocrine Some Yes
12 56 Early IBC | Mastectomy, endocrine Little Yes
13 66 Early IBC | BCS/RT, Mastectomy No worry No
14 72 Early IBC | BCS Little Yes
15 73 Early IBC | BCS Little Yes
16 71 Early IBC | Mastectomy, endocrine No worry Yes
17 72 DCIS BCS No worry Yes
18 66 DCIS BCS/RT, endocrine Little Yes
19 60 DCIS/IBC | BCS/RT, Mastectomy, endocrine Little Yes
20 51 Early IBC | Mastectomy, endocrine Some No
21 43 DCIS Mastectomy No worry Unsure
22 69 DCIS BCS/RT, Mastectomy No worry No
23 71 DCIS BCS/RT Little Yes
24 61 DCIS/IBC | BCS, Mastectomy, endocrine Little Yes
25 65 DCIS BCS/RT, Mastectomy Some Yes
26 59 DCIS Monitoring Little Yes

Legend: AM: active monitoring; BC: breast cancer; BCS: Breast conserving surgery; DCIS: ductal
carcinoma in situ; IBC: invasive breast cancer; RT: radiotherapy
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Theme 1: Understanding of DCIS

Awareness of DCIS and relationship to invasive breast cancer
There was wide variation in understanding of DCIS among those interviewed and asked to
value utility. Whilst most women had heard of invasive breast cancer, prior awareness of in

situ disease was limited and many women did not know that it was a different condition.

“I don’t think I would have been abnormal in that. I think people talk breast cancer
or lumps rather than thinking DCIS.” [P11]
“I suppose you just think of the big picture. You have breast cancer and you have

your breast removed.” [P23]

Similarly, most women had not heard of DCIS before attending breast cancer screening.
Although patients diagnosed with DCIS felt their knowledge was vastly improved, several
remained unsure about the nature of the condition despite having undergone invasive surgical

treatment.

“The information I had was that I had breast cancer. It wasn 't until years later from

my own reading that I really understood that it was a pre-cancer.” [P9]

Understanding of DCIS was subsequently linked with how women interpreted and valued the
benefits and risks in the vignettes. Those who felt that they had more insight into the pre-
invasive nature of the condition tended to value less intensive treatment regimens more

favourably.

240



“It’s a risk factor. Pre-cancer sounds like you will get it anyway. That’s a leading
thing. I just call [DCIS] a risk factor. So, if I tell people about it, I tell people I have a cancer

risk factor and I have it monitored.” [P26]

However, other women felt that there was discrepancy between their expectations of the
condition and reality. Women expressed concern that their limited understanding was likely
related to a preference toward more intensive treatment. Consequently, attitudes toward
treatment were largely representative of those exhibited among women with invasive breast

cancer, and a higher quality of life reported for surgery with radiotherapy or mastectomy.

“It’s certainly pre-cancerous but it’s treated like...mine was treated so seriously, it

felt like it was a cancer...the mastectomy was a big deal.” [P18]

“I know it’s changes in the cells. They haven’t spread out of the breast ducts and that
there are different ideas about whether it will go on to cause cancer. I don’t think it does in

everyone, but my sister certainly had it and she had her breasts off because of it.” [P20]

Attitude, risk threshold and perception of risk

Several women with DCIS were confused about whether they had a cancer that could result
in death. Risk perception was diverse, and interviewees found it difficult to accept the
perceived paradox between having a pre-cancerous condition and the extensive surgery that is

sometimes required.

“It’s cancer but it doesn’t need to be treated... or it’s diagnosed as cancer but

actually it isn’t? Is that sort of it? " [P5]
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“I think that’s scary because if you are a lay person and you know nothing, you go to

a breast specialist and they say it’s nothing to worry about. You want to believe it.” [P20]

“Look some women have DCIS. They sort of elect for a mastectomy because they
think they don’t want to take any chances. I don’t want to get full on breast cancer. I don’t

want to lose my life.” [P8]

Subsequently, patients largely perceived the risk of progression and mortality associated with
DCIS the same as that observed in invasive breast cancer. Nearly a third of women felt that
DCIS was likely life-threatening and required immediate surgical intervention to avoid an

increased risk of death or morbidity.

“I think that it’s more [about] communicating with DCIS. How it’s different to
invasive, explaining the risks. I think the whole thing’s there about being rushed to make

decision on DCIS... the anxiety of thinking you’ve got to do something straight away.” [P4]

“I do think the majority of people who haven’t had much to do with cancer do fear it.

It’s a sentence. They think you re just going to die and there’s no alternative. They re just...

get it out of my body type [of] thing!” [P9]

Risk perception was also deemed important to women and played a key part in treatment

decisions. Two thirds of the women interviewed suggested that they might have adopted a

more conservative approach had they had an explicit diagnosis of low-risk disease.
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“I think that being high grade made it easier for me to decide on the treatment. [

think if I had been low, it would have been much more difficult to decide. [P4]

“I certainly think if my grade had been low and I think from those scenarios that |
would take [less] — especially having had a mastectomy — I wouldn’t be the type to say get it

out, get it off.” [P18]

In contrast, those with risk averse personalities were reluctant to adopt less invasive treatment

regardless of risk categorisation, and this subsequently affected the quality of life reported.

“I don’t think there’s any such thing as overtreatment if it’s going to make you 100%
sure. I would hate to be overtreated with chemo[therapy] or something, if that was
unnecessary. But just having the options of getting my boobs off, I don’t think that’s

overtreatment. I just think that’s safe.” [P21]

“A lot of it will make you feel anxious if you re not sure. But then coming from
somewhere with the anxiety issues anyway I don’t know whether general people in the

community would feel so anxious [about de-escalating treatment].”” [P6]

Terminology used to describe DCIS

All women reported high concern about DCIS regardless of the terminology used.

“I mean people with this minor DCIS may still say no, get rid of it! I don’t want it.
You know? That’s their prerogative because you know if you 've got DCIS the chances are it

could get worse.” [P24]
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However, stronger emotional reactions and levels of concern were reported by women in
response to doctors using cancer terminology, even though this was not included in the

vignettes.

“As soon as you hear the big ‘c’ huge emotion comes in. In fact, you might not even

be listening or you re not hearing anything because you 've just in this kind of panic.” [P10]

“It was just unfortunate that they had used the word cancer, I think if they had said

DCIS and explained what it was, I think I would have been less frightened.” [P23]

Intensity of treatment was positively correlated with prior use of cancer terminology. Patients
felt they were more likely to accept toxic interventions in the trade-off against the risk of

unnecessary treatment because of the fear induced by the term ‘cancer’.

“All it takes is a doctor saying that it could develop into an infiltrating cancer and as

soon as they say that, they want it out.” [P14]

“I do think that until you change the name, it’s not going to be very easy to change

the mentality. People just jump into that word...carcinoma... ah, you’ve got cancer.” [P26]

Conversely, women expressed shock at being told that they needed a mastectomy for a
condition which was described as non-threatening and felt the terminology should reflect the
non-invasive nature of the disease and likely less intensive treatment required, as described in

the vignettes.
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“He kept talking about this calcification and I thought I’ve got calcification...so
what? Then he said we recommend a mastectomy and I said what! Nothing he had said lead

me to think it was that serious. I was in shock.” [P26]

Theme 2: Information and communication about benefits and risks

Role of the clinician

The role of the clinician had a major influence on how women valued the utility of treatment.
Women trusted the advice given by their surgeon and were more likely to report higher
values for adjuvant radiotherapy or mastectomy if they had been recommended it, even if it

meant undergoing more invasive treatment than anticipated.

“I just went with what the doctor said. I didn’t want to have radiotherapy, but it was
only when I saw the radiotherapist who told me, well you really need to.... I was just sort of
really in denial that I needed it. In some way, I kind of feel it’s quite good the doctor sort of

tells you what you need to do because then you do what’s best for you.” [P2]

“I’d be saying if you think that’s the better option or that’s what’s in my best

interests, then this is the way we should go, and I'd go with it.” [P17]

Other women reported decisional conflict or differences in clinical practice between the
healthcare personnel involved in managing DCIS, which made the process of valuing

treatment more challenging.

“You might have two women who go to two different doctors but are treated

differently when they’ve got DCIS too. I think knowing why you have the treatment is
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important. Yeah, because some people — some specialists — are like, yeah, you need to do it

but then others are like no you don’t!” [P7]

There was some concern that clinicians might have a vested interest in a particular outcome
or treatment. A few women were worried that this may have biased their values for more
intensive treatment, particularly if they had not been provided with the full information and
likely outcomes of all available interventions. This resulted in them opting for more invasive

surgery, even if they had reservations about undergoing a mastectomy or radiotherapy.

“Well there was no choice. It was just like this is the treatment. I suppose I could have
said no treatment, but the percentages of recurring were too high to really contemplate that

you wouldn’t have treatment.” [P2]

“I suppose I come back to that surgeon of mine who said if you don’t do this then
you’ll die. So, I don’t know. Do I regret it? It would have been nice to do less but then again

I’'m here, aren’t I?” [P8]

Patient involvement in decisions

Feeling informed and involved in decision making gave women additional confidence in the
treatment utilities they reported. Women who recounted having had open and realistic
discussions with their treatment team about the true risks and side-effects of treatment tended
to value breast conserving surgery more favourably compared to those without any clinical

experience.
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“Having someone who is a professional who you trust, who you can have that big talk
to. Being able to make that decision. They can say that’s not what we would recommend at
your stage, but it is ultimately your decision. Not just saying you have option A and that’s the

end of the discussion.” [P9]

Women also highly valued personalised treatment plans and information. When patients felt
listened to or involved in the decision process, they were generally more accepting of the

treatment planned, even if there was a chance that it had ultimately been unnecessary.

“I really appreciated that understanding, it wasn’t just my body, it was mind as well

that she was treating, if you like?” [P5]

“Youre cutting part of your body off but it’s going to save your life. The sensible part

wins out and I'm happy with what ['ve done.” [P21]

However, almost all participants discussed issues related to communication. It was suggested
that medical professionals needed to provide clearer explanation about the non-invasive
nature of in situ disease and a balanced view of each of the treatment options with patients

and their families.

“He just told me you 've got breast cancer. We’ll send you to a surgeon. There was no
DCIS at that stage. People are luckier — or perhaps unluckier — if they use ‘Dr Google’
wrongly but at that stage you had to go to the library to find out, so my information was

limited. I definitely think information, education, it’s so important.” [P9]
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“I mean, you don’t want to scare people, you just want to be aware. Information and

education are so important, so you can make an informed decision.” [P7]

Sources of information
Most interviewees reported difficulties in accessing information specifically about DCIS.
Consequently, women were surprised to learn about the risks of overdiagnosis or less

invasive treatments for localised low-risk DCIS when valuing the health states.

“I remember reading that article in Time and thinking hey! Why didn’t someone tell
me that I didn’t necessarily have to have surgery and radiation? Even though maybe some

aspects of that article were wrong it’s still made me think [ wasn’t told any of this.” [P23]

Advice about treatment was largely sought from family, friends or discussion with other
patients on breast cancer network forums but were found to be more relevant to invasive
cancer rather than DCIS. Resources for DCIS were deemed inadequate or disappointing and
thus women felt obliged to be led by their clinician due to their limited information about the

condition.

“I guess you could go online to those online networks — like the BCNA — and ask
women who ve had it. You know, find out from women who have gone through those things
like the chemo[therapy]. Like three years down the track what are the effects? That can be
reassuring. Some people might trust that information more because that’s more real to them,

but you can take things the wrong way and make a decision based on that.” [P4]
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Only two-thirds of breast cancer patients admitted applying clinical data in the vignettes to
inform their evaluation of treatment, indicating that the decision had been more of an
emotional one than rational. Although these women were largely guided by clinical
experience, they suggested that the decision to have more invasive surgery or radiotherapy
was dominated by the initial shock of the diagnosis and that they may have valued less
invasive therapy more favourably had they been given the time to reflect and process the

description of low-risk DCIS.

“There’s sort of this hard fact information and this overlay of emotion and

perspective. It’s not just straight facts and making these sorts of decision.” [P3]

“Even when you 've got really good information that this treatment is not necessary,

you 're still up against that human emotion that something needs to be done.” [P5]

Theme 3: Uncertainties about the benefits and harms

Attitudes toward conventional treatment

Most women were familiar with conventional breast cancer treatment. Women generally felt
that they had a reasonable understanding of the benefits and harms associated in terms of the

trade-off between the side-effects versus a reduced chance of recurrence or spread.

“I think if I'd had to have a mastectomy, I would have felt very self-conscious about

that and that would have affected me more psychologically.” [P2]

Breast conserving surgery with radiotherapy was valued worst by those with traumatic

experiences of the side-effects from treatment. Women with extensive radiotherapy burns
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reported the lowest individual utilities as they felt that the reduced risk of recurrence was not

worth the morbidity personally experienced.

“After about four weeks [of radiotherapy] it was awful. I used to take the dressings
off under the shower. I would stand in the shower crying. And then it takes time for the effect

to stop. It does go away, but I used to have to drive to my appointment and it was so painful.”

[P15]

Reaction to overdiagnosis and overtreatment

Interestingly, unlike the conventional risks of treatment most women had not heard of
overdiagnosis or overtreatment prior to taking part in the research. Whilst most women
indicated that it was unlikely to influence their decision retrospectively, several women
expressed concern that they had not been informed about the harm and indicated that they

would likely have opted for a more conservative approach had they known about it.

“It was over and done with. I couldn’t change it... but I just thought this is wrong. [

should have gotten more information.” [P23]

“If it was unnecessary treatment, I would regret it but on the other hand I don’t think

there’s enough research.” [P16]

Some women had heard about overdiagnosis in the context of other screening programmes
(prostate and cervical). Women expressed an interest in whether this information was being
discussed with women attending breast cancer screening or patients diagnosed with low-risk

DCIS.
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“What about how they manage early stage prostate cancer? What do they do? What
are they calling that? It seems that a lot of men are happy doing...is it called watchful

waiting?” [P15]

In general, women felt that overdiagnosis itself was not an issue because women had a right
to know and be treated. However, there was some empathy with decision makers in that
unnecessary treatment was likely to instil additional disutility (as reflected in the utilities
reported) and costs to both patients and the healthcare system. A few women also expressed
anger at the idea of having undergone unnecessary treatment and regret from the detriment to

their quality of life.

“I was reading in the paper about it. That’s sometimes it’s not necessary to have an
operation at all. That sometimes you can watch and wait. I stewed on that for a few years
actually! Because that really did concern me, the fact that I might have had this operation for

no reason.” [P6]

About a third of women were more cynical about overdiagnosis and questioned whether there
were ulterior motives behind the concept to cut costs or defer blame. They felt that it lessened
the importance of their own diagnosis and expressed concerns about the potential negative

implications that the term might have on future screening behaviour or health insurance.

“I think that’s absolutely abhorrent. It really bothers me that these people are saying

you don’t need it because what we find is not worth worrying out. Well, even if it’s only 1%

251



of the time, for that particular person it means a lot. I feel very strongly about that I must

admit!” [P14]

“I saw this story and I thought, what’s going on? For some reason her health
insurance was a problem. They wouldn’t pay because they said it [DCIS] wasn’t cancer.”

[P19]

These women tended to validate their own treatment in the utilities elicited and did not feel
that the inclusion of overdiagnosis in the descriptions was likely to sway their valuation.
Paradoxically, women who felt lucky to have been diagnosed and treated with DCIS also
reported confusion as to how treating an abnormality could be considered a negative

outcome.

“I think I'm lucky that I guess we caught all those cells, but you never really know.
The fact that we have DCIS here, I would lie awake at night thinking tonight’s the nights it’s

going to pop through that duct.” [P14]

“Part of me does think, well, maybe we are [over diagnosing] but I would rather be

’

over-diagnosed and lose my breasts and live, than be playing that game of wait and see.’

[P20]

Implications and worry about progression
Worry about progression was a key influence in how women perceived the utility of the
various treatments for DCIS. Valuing treatment was found to be challenging due to the fear

and anxiety surrounding the unknown risk of invasive cancer progression. An estimated rate
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of 10% invasive progression in ten years was viewed as an acceptable trade-off by most

women for interventions aiming to reduce the harms of overdiagnosis.

“Different people have a very different attitude toward risk. These are the sorts of
things that would worry me. If it’s a 10% risk profile then I'm not going to worry about it

happening. If it’s a 90% chance, then fair enough [have surgery].” [P10]

“Some people would roll the dice with monitoring [at that risk level] because they

don’t want to be disfigured or go through all that experience.” [P11]

However, most women expressed significant concerns where the risk of progression given

was over 20% and this anxiety had measurable negative impact on quality of life and utility.

“Well, the fact that [ was having the lumpectomy, I wasn't just totally watching and

waiting. [ was doing something to minimise the risk of return.” [P13]

Perception of active monitoring and de-escalation

Despite initial concerns about the uncertainty associated with DCIS progression, many
women expressed an interest in active monitoring. Two thirds suggested that they would be
willing to consider active monitoring over conventional management for low-risk DCIS, if it
was shown to be clinically safe and effective in trials as it had been for prostate or cervical

cancer.

“In actual fact that’s interesting because when you think of the fact that we have

smears, it’s the same principal. You can get called back for that, but nobody gets in a knot
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about that. You can go on and have a core biopsy and you still don’t get tied up. It’s really

strange that.” [P9]

“My brother has got the equivalent prostate cancer and he actually has a blood test
every three months and a biopsy then so he’s actually having actually much closer

monitoring than I am. But he’s taking it all in his stride...it’s better than the alternative. [P5]

Similarly, several women were happy to trade-off the risk of progression associated with de-
escalation to minimise the risks of emotional and physical debilitation from unnecessary

intensive treatment in the valuation of health states with overdiagnosis.

“I mean ifit’s low-risk then monitoring is a good way to go because the surgeries are
pretty drastic. I mean, they are a pretty drastic way to go if you don’t have invasive breast

cancer.” [P25]

Nonetheless, a higher frequency of monitoring or follow-up was preferred to provide further
reassurance, and adequate education and safety netting was deemed necessary by patients

before routinely offering such strategies to other women.

“Well if you're closely monitored... twelve months seems a long time to me but that

might be ignorance on my part about the time it takes most cancers to develop. That would be

something I would have to find out to feel comfortable.” [P2]

254



“I think being monitored is important. Feeling you’ve got the security of the next
appointment. Maybe doing breast examination every six months and then the mammogram at

twelve months. Six monthly check ups might be better for some women if they worry.” [P15]

A few sub-groups of women indicated that they would not opt for active monitoring
regardless of the risk of overdiagnosis. These women predominantly had a history of invasive
breast cancer or exhibited a higher threshold level of worry about cancer. The low utilities
reported by these individuals for active monitoring were influenced by a perceived lack of
finality, fear of invasive progression and the potential implications of surveillance on

finances and screening anxiety.

“My mentality is I wanted it out. I wanted it done. [ wanted to be able to live my life

knowing that I haven’t got a problem in my body. Waiting for a ticking time bomb.” [P17]

“Well, the fact that [ was having the lumpectomy, I wasn't just totally watching and

waiting. I was doing something to minimise the risk of return or becoming, you know?” [P13]

Theme 4: Psychosocial impact of treatment

Quality of life

Anticipated impact of treatment upon quality of life was a key factor in the valuation of
treatment for DCIS. Women who had experienced severe side-effects during their own

treatment were more likely to report lower utilities for the associated health states.

“I didn’t know I'd get burns that meant I wouldn’t be able to drive normally. It’s just

six weeks but I just got horrendous burns.” [P13]
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In contrast, those who had experienced very few problems during treatment or adapted to the

side-effects reported higher values for more invasive treatment compared to other women.

“Initially, mentally my quality of life was absolutely better because [ wasn’t stressing.

Physically it was tricky, but it just took some time to do the things I could do before again.’

[P21]

Social meanings

Utility was also heavily influenced by a loss in sexuality and social identity as a woman.
Many women expressed concern about DCIS requiring a mastectomy. Body image and
maintaining a sense of ‘normality’ was important to younger women and the implications of
surgery were perceived as having both physical and psychological effects on relationships

and quality of life.

“I think anybody would think a mastectomy was a really significant decision, you
know. Certainly, my breasts —women’s breasts — are not only a part of your identity, they re
part of your sexuality. They 're really important. To kind of go, there’s a 10% chance of

something happening, let’s lop off your breasts. No!” [P10]

“I think age has got a heck of a lot to do with it. You know? But yeah for me, all 1
want to be is as close to normal as I can. In some ways it sounds stupid...but it’s like you 've

got a disability. If you lose your breast, you’ve lost part of your body.” [P8]

Despite this stigma surrounding mastectomy, women with a family history of breast cancer

were happy to trade-off the potential morbidity and side-effects of intensive treatment to
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offset concerns about recurrence. This sub-group of women were responsible for much of the
heterogeneity in utilities in the empirical study where mastectomy was rated higher than

breast conserving surgery or active monitoring.

“Definitely family history with me. I wanted [reconstruction] to feel normal because
that whole process of all those tests and that sort of stuff...you feel far from normal. If I was
going to make a tough decision like this, I wanted to feel like me at the end of it, as much as |
possibly could. I was stressed all the time. It probably just gets back to that whole peace of

mind thing for me.” [P21]

“I would expect that people who ve got a family history of breast cancer, who ve
perhaps seen mums or aunties die early of whatever, would probably be one to take much

more drastic action than people who don’t have that family history as well.”” [P5]

Practical considerations
Women were worried not just about the implications of the treatments on themselves, but the

negative impact it might have on their family, friends and colleagues.

“It’s a long time in which their everyday [life] is altered for them, and not only for

them but their immediate family and their workplace as well.” [P1]

Those with supportive partners or family nearby were more likely to give higher values to

scenarios with radiotherapy or monitoring, where transport or financial constraints might

impact upon decisions.
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“I also think people will take into consideration their family setup because some
treatment can be inconvenient. Like radiotherapy was very inconvenient to me because I had

Jjust gone back to work.” [P2]

“I was really fortunate that my daughter-in-law was working in the city at the time
and they lived within easy commutable distance of the city. So, for me the transport and the
accommodation weren’t an issue. And I wasn’t working so I wasn’t having to fit trips in

around work.” [P5]

Some women from rural areas had experience of staying away from home to facilitate the
demands of radiotherapy regimes, but they reported worse quality of life associated with the

period of social isolation away from their loved ones.

“People live 800km from the nearest centre. I had to go down for six weeks. They put
you up on a one-bedroom apartment and I had ten minutes radiation [every day]. So, when it
comes to DCIS particularly, I would think finances and other obligations could make a big

difference.” [P14]

Fitting in with role and responsibilities

Personal factors were deemed equally as important to some women as the clinical and
economic evidence provided in the vignettes. Although some women would have preferred a
more conservative approach based on perceived quality of life, ultimately their decision was
made to fit in around their role and responsibilities as a mother or carer. For example, several
women living in rural communities opted for a mastectomy to accommodate their duties to

the working farm and family practice.
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“They can’t afford to leave the farm...let’s just have a mastectomy based entirely on
the fact that they did not want to leave the farm for six weeks, which they would have to do if

they were going to have radiotherapy for [breast] conserving surgery.” [P14]

“I think a lot of people from the country go for a mastectomy to avoid radiotherapy. I

think that’s massive overtreatment.” [P15]

Similarly, younger women reported lower quality of life for breast conserving surgery with
radiotherapy because it was likely to have a bigger impact on their work-life commitments or

anticipated role as a mother breastfeeding or caring for the children.

“There is a difference for younger women who are thinking about families or
breastfeeding, or they want to have kids. Then there’s the next group. They 've had their kids,
they 're working, they 're at the busiest time of their lives. They don’t have the time [for

radiotherapy].” [P7]

9.6 Discussion

9.6.1 Principal findings

The aim of this chapter was to explore factors influencing patient preferences for managing
low-risk DCIS. Patients identified several important treatment attributes not identified in the
clinical and economic research, namely the potential regret from unnecessary intervention
and logical concerns around responsibilities and access to treatment. In spite of the relatively
favourable prognosis, many patients were unable to differentiate the risk of recurrence or
death to that of invasive breast cancer, consistent with previous findings in DCIS (190, 422).

Consequently, women expressed high levels of confusion when asked about the different
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treatment choices for low-risk DCIS relative to overdiagnosis, and were likely to value
invasive treatment more favourably if their physician had recommended it or used
terminology suggestive of invasive breast cancer (447). However, most women were
generally interested in active monitoring, with de-escalation strategies having a greater

impact upon quality of life if the risk of invasive progression was <20% in ten years.

What mattered most to patients when considering low-risk DCIS treatment varied but risk
played a major role in women’s valuation. The benefits and harms of treating low-risk DCIS
were perceived differently depending on risk personality, understanding of the condition and
roles and responsibilities. This phenomenon was more pronounced among women who had
undergone a mastectomy, whereby quality of life was higher than expected from adaptation
after having had the abnormality removed (and risk of recurrence reduced). In contrast,
attitudes toward overdiagnosis were highly variable and reflected the heterogeneity in patient
utilities from the previous chapters. Women did not think that overdiagnosis would impact
utility per se as they preferred to know that they had the condition, but overtreatment was
perceived to have a likely adverse impact on quality of life, particularly if this risk had not
been made explicit at the point of making the decision. This is consistent with qualitative
research in other low-risk cancers in which participants raised concerns about the need to

mitigate overtreatment (424).

Understanding women'’s preferences for managing DCIS is far from straightforward. Valuing
treatment is challenging because of the fear and uncertainties surrounding the risk of disease
progression and overdiagnosis. Whilst patients with low-risk DCIS have an excellent
prognosis (25), its management remains controversial because patients continue to perceive it

as a life-threatening condition. Women are paradoxically reassured that they do not have
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cancer yet are recommended extensive treatment which they may subsequently perceive as
having saved their life (190). Thus, patients who felt “lucky” to have been diagnosed and
treated tended to self-validate their own treatment, even if there was a chance that it might
have been unnecessary. Yet other women expressed regret at the idea of having undergone
unnecessary intervention. Clarifying the true risks in clinical trials may improve the
acceptability of strategies aiming to safely de-escalate treatment and provide reassurances

reflected in terms of quality of life (validating the utilities from Chapter 6).

It is unclear where the true benefits and harms lie in managing DCIS. The risks associated
with conventional breast cancer treatment were generally well described, with most
interviewees able to list potential side-effects from surgery and radiotherapy versus an
anticipated gain in recurrence free survival. Overdiagnosis has societal implications on costs
and resource use (23) but some individual women attach greater anxiety and disutility to the
unknown fear of progression versus the regret of unnecessary treatment. Treatment
preferences expressed by these women depended heavily on the magnitude of overdiagnosis
and risk of progression presented, with the highest estimate of overdiagnosis having a greater
impact on intended preferences. Other women generally felt that they didn’t have enough
information to make an informed decision about overdiagnosis but suggested that if it could

be shown that their treatment had been unnecessary then it might impact upon utility.

Whilst previous assumptions about the impact of overdiagnosis on quality of life appear to
hold true (31, 236) (i.e. the disutility is captured from the diagnosis of the disease),
unnecessary treatment does seem to be more meaningful than previously assumed and valued

in economic evaluations. Whilst some of these harms are likely captured by the morbidity of
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treatment, it appears that the added harm or regret of unnecessary treatment is more

meaningful to some women and should be valued conceptually.

This poses an interesting question about how quality of life is conceptualised in health states
with an unknown outcome. Economic measures of utility assume rationality in decision
making (16), but many women reported that their preferences were influenced by an
emotional response. Whilst measures such as the standard gamble facilitate the trade-off in
benefits and risks, this assumption may be violated if there are other individual factors (e.g.
family circumstances, fears of “cancer” etc.) driving the final decision on utility (140, 150).
Gaining an understanding of these factors through qualitative research is crucial as it
highlights areas of importance for consideration in the planning of services and valuation of
health. This emotional response was not only observed in scenarios of active monitoring but

in all hypothetical treatment scenarios describing DCIS.

9.6.2 Strengths and limitations of the study

The screening and management of low-risk ductal carcinoma in situ is under review (3). By
examining patients’ perspectives of the benefits and harms of treatment, this study makes an
important and timely contribution to the debate on the management of low-risk DCIS
identified at screening. Furthermore, it explores whether active monitoring would be an
acceptable alternative to conventional management in the context of overdiagnosis. Our
results are consistent with other qualitative research (275), which suggest up to two thirds of
women would consider active monitoring to manage in situ disease despite it not being

standard practice.
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Another strength of this study is the novel insight it offers into women’s preferences for
treating low-risk DCIS. The use of qualitative methods to explore how patients perceive the
risk of overdiagnosis offers valuable explanation into the variation in treatment choices
observed in the empirical research. The in-depth analysis of women with experience in the
trade-off of risk adds to the literature by highlighting the areas that patients deem most

important in policy decisions involving DCIS.

The findings were limited by the recruitment of women with some knowledge about the risk
of overdiagnosis from the empirical stage of the research. As participants had chosen to
complete both the questionnaire and interview, there may be motivation toward invasive
management among those interested in breast cancer research. Similarly, interviewing
women who had already undergone surgical management of breast cancer may be potentially
biased by their experience of treatment or communication with doctors (448). Indeed, several
women with high-risk disease made statements that validated their own treatment. These
women were in the minority and it is plausible that their views may not reflect those for low-

risk disease in the wider population or in other screening countries such as the UK.

The sample size is in keeping with those observed in published qualitative research (299,
425), and the depth of information obtained from the 26 women had reached theoretical
saturation, so that further interviewing would have been unlikely to yield further novel
insight. It could be argued that thematic analysis may be prone to the partiality of the
interviewer (398), but this approach offered the advantage of identifying relevant issues that
may not have been apparent before commencing the interviews and the rigour of the analysis
was increased through the independent review of transcripts by two non-supervisory

researchers.
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9.6.3 Strengths and limitations in the context of existing literature

This study provides important insight into patient understanding of the benefits and risks
associated with treating DCIS. The thematic analysis was able to explain, in part, the
heterogeneity in patient utilities for health states describing low-risk DCIS observed in the
empirical study. As per the literature (274, 298), the results highlighted that many patients do
not understand the uncertainty in the risks and benefits of treatment. There was strong desire
for improved patient and public education around DCIS to complement decision making. It is
likely that some women may value the de-escalation of treatment, a view shared in previous

qualitative research (299), but further research is needed to validate this.

There is very little work exploring the management of DCIS in the context of active
monitoring. Nickel et al. (299) conducted semi-structured interviews with a community
sample of 26 Australian women aged 25-80 years to explore how treatment preferences for
DCIS changed with the terminology used. Interestingly, the rates of women hypothetically
interested in managing DCIS via active monitoring were comparable to those reported in our
study using patients (64% vs 65%). Other qualitative studies (449) have reported similar
findings relating to the variation in treatment practices and paradoxical validation of potential
overtreatment, but have not evaluated how this would impact screening and treatment

decisions for low-risk DCIS.

Issues around overdiagnosis are more widely researched in other analogous cancers identified
by screening (278, 290). Active surveillance has become standard practice for managing
prostate cancer or cervical intraepithelial neoplasia, although trials are currently underway to
establish the safety of active monitoring in DCIS. Understanding of the condition remains a

major issue in the valuation of quality of life; some patients felt they were not adequately
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informed about low-risk DCIS to value the benefits and harms. Similarly, the discrepancy
between the medical language and advice provided to patients by their doctors was highly
variable. Given doctors’ recommendations are likely to influence patient response (32),
qualitative examination from the perspective of healthcare providers might address the

heterogeneity in individual treatment observed between women.

9.6.4 Implications for health policy

Understanding patient preferences may have profound impact for both breast cancer
screening and treatment policy. Clinicians and policy makers must recognise that patients
have different personal needs and thresholds for risk. This research could be extended to
determine whether patient reported outcomes in clinical or economic evaluation capture the
treatment attributes that are of highest priority to patients and clinicians when making
healthcare decisions. This includes deciding which preferences to apply in economic
modelling. Women expressed a high level of interest in active monitoring and reducing the
harm of overtreatment. Differentiation of DCIS treatment by risk and exploration of the
impact upon screening policy may change the decision on how breast cancer management is

personalised to those with low-risk disease.

9.6.5 Further research recommendations

Breast cancer treatment is moving toward a personalised, risk-based approach (26). There is
undoubtedly a need to screen and treat women with high-risk of invasive disease more
aggressively (25). However, women at the lower end of the spectrum should also be managed
accordingly and treatment should be de-escalated where safe to do so to prevent the
unnecessary over-servicing of women and the associated utilisation of limited healthcare

resources. Further exploration of how women would want to be treated based on their own
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risk-profile and threshold for risk may help to identify a group of patients where treatment
may be safely de-escalated. The views and opinions held in this study were limited to those
with previous experience of DCIS or early invasive breast cancer treatment. Interviewing a
wider range of women eligible for breast cancer screening (potentially subject to
overdiagnosis in the future) could strengthen the findings of this research by exploring the

preferences of women prior to the experience of treatment.

9.7 Reflection

As with any qualitative research, the epistemological view of the researcher conducting the
interviews may have affected the responses from participants. This is important to
acknowledge given that the researcher had clinical experience of working in breast cancer
surgery and had already established a relationship with the participants during the empirical
phase of the research prior to the qualitative interviews. For example, women may have been
more aware about the topic of overdiagnosis having examined the hypothetical descriptions
of DCIS treatment when valuing utility. Similarly, it was difficult for the interviewer not to
express empathy or surprise when women disclosed some of the difficulties that they had
encountered during their own experiences of treatment. This empathetic body language may
have changed the narrative of the answers or direction of the interview but is likely to have

improved rapport and facilitated the flow of the interview.

Whilst efforts were made to minimise any leading questions during data collection and
analysis, through the application of topic guides and a rigid framework index, it is important
to acknowledge the potential influencers so that the results may be interpreted with these
factors in mind. The clinical background of the interviewer is an important consideration as

some women may have felt less comfortable talking about their own experiences or
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interactions with medical professionals if they had been negative. However, a sub-sample of
transcripts was checked by two independent researchers to ensure the quotes presented in the

analysis gave a true reflection of the participant’s meaning and intent.

9.8 Conclusion

Understanding of DCIS, communication about the benefits and risks of treatment,
uncertainties around overdiagnosis and the psychosocial impact of treatment were identified
as important factors in how women value the management of DCIS. This chapter highlights
key areas for future research necessary to address the harms perceived by women and where
overdiagnosis is likely to impact most significantly in terms of quality of life. Gaining an
understanding of why women’s views of the benefits and harms vary, alongside the statistical
analysis of utilities, offers a rich understanding of how women ultimately value healthcare

and the sequelae of screening for low-risk DCIS.

Economic measures assume that patients make rational decisions about treatment, but
preferences toward treatment and utility were heavily influenced by emotional response. This
will be useful to researchers, clinical advisers and policy makers alike in finding a solution to
the problems surrounding overtreatment. Risk perception, accessing treatment, prior
knowledge of DCIS and fear of recurrence were reported as key drivers in women’s valuation
of the relevant health states. The results pose an interesting question as to which utilities
should be applied in economic modelling, given the variation in utility related to the
psychosocial impact of treatment and self-validation of treatment observed in some patients.
Chapter 10 considers the implications of the qualitative findings alongside the other research

outputs of the thesis.
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CHAPTER SUMMARY

What is known?

e Women with screen detected DCIS may be subject to overdiagnosis and potentially
overly intensive or unnecessary treatment.

e De-escalation may reduce the morbidity of overdiagnosis from breast screening
programmes, yet the management of low-grade DCIS is highly variable.

e Little is known about the factors driving individual preferences toward DCIS

treatment.

What this chapter adds

e Understanding of DCIS, convenience of treatment, communication and attitudes
toward risk are important variables in patient treatment decisions.

e Women’s responses to overdiagnosis and active monitoring are diverse. Some women
value active monitoring as an acceptable alternative to surgery and radiotherapy but
require more information and clinical evidence from clinical trials.

e Whilst active monitoring should be discussed as an option in appropriate situations,
there continues to be heterogeneity of preferences requiring the need for objective
patient choice and discussion.

e Patients may not always make rational decisions in the trade-off in benefits and

harms, requiring careful consideration of the utilities applied in modelling.
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CHAPTER 10

Discussion and conclusion

10.1 Introduction

The primary aim of this thesis was to quantify the benefits and harms associated with the
treatment of ductal carcinoma in situ. The research was motivated in light of rising concerns
about whether the benefits and harms were adequately captured in the economic evaluation of
breast cancer screening programmes. Ductal carcinoma in situ was used as a vehicle to

explore the trade-off between immediate treatment and overdiagnosis in terms of utility.

The empirical evidence in this thesis showed that the harm of overdiagnosis is likely to be
important in the economic evaluation of the sequelae of breast cancer screening programmes.
Utilities derived for health states explicitly describing the benefits and harms of treatment for
low-risk DCIS were lower than those from the literature, where it is unlikely that individuals
were informed that their treatment may have been unnecessary. An economic model of the
LORIS trial demonstrated that the explicit inclusion of both benefits and harms in QALY's
had the potential to change the decision on the likely cost-effectiveness of treating low-risk,
screen detected disease. Finally, qualitative interviews with patients further validated that the

inclusion of the effects of harms was important in the valuation of quality of life.

This chapter revisits the original aims of the thesis and demonstrates how each chapter has
contributed to answering each objective in part. The main findings are then consolidated and
discussed within the context of the wider literature, highlighting the strengths and limitations
of the approaches used and potential implications for breast cancer treatment and screening

policies. The final section outlines recommendations for future research to address the
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challenges associated with valuing overdiagnosis and its sequelae, as well as a reflection on

the methods and overall conclusions of the thesis.

10.2 Overview and objectives of the thesis

Breast cancer screening programmes have been the focus of significant debate following the
concerns raised by the UK Independent Panel about the potential harms of overdiagnosis (3).
Briefly, whilst mammography has undoubtedly contributed to a reduction in breast cancer
morbidity and mortality in recent years, there is growing evidence to suggest that it also
identifies low-risk disease that may never cause symptomatic harm (450). Consequently,
some women may be screened and potentially treated (for DCIS) without any benefit in

breast cancer survival.

Most of the research to date has focused on the clinical aspects of the screening strategy, with
less attention afforded to the economic evidence informing the debate (22). Economic
evaluations conducted to appraise breast screening programmes conventionally adopt the
‘cost per QALY” as the outcome measurement. Yet there is evidence to suggest that the
utilities informing QALY's may not consider all relevant benefits and harms, particularly

regarding the sequelae of overdiagnosis or overtreatment (284).

The principal purpose of the thesis was to identify and quantify the benefits and harms
associated with the treatment of DCIS for use in the economic evaluation of breast cancer
screening programmes. Data were generated from a combination of systematic literature
reviews, empirical utility valuation, the development of an economic model and qualitative

interviews in order to address this question.
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Four study objectives were outlined at the beginning of the thesis:

1. To ascertain how the benefits and harms associated with breast cancer screening
programmes are currently conceptualised and valued.

2. To value the utility associated with different treatments for low-risk DCIS, explicitly
including the risk of overdiagnosis.

3. To understand the factors which influence women’s preferences in the trade-off between
the treatment of DCIS and the risk of overtreatment.

4. To develop an economic model of low-risk DCIS, predicting costs and outcomes for a
hypothetical cohort of patients using the derived utilities, and to consider the potential

impact of the findings upon the future evaluation of breast screening programmes.

The next section summarises the principal findings from the thesis in meeting each of these

objectives.

10.3 Summary of principal findings

10.3.1 Findings from the systematic reviews

A necessary objective of the thesis was to first systematically review the economic evidence
for breast cancer screening programmes in order to ascertain how the benefits and harms of
screening were captured in the literature. Specifically, the review sought to determine what
health states had been valued, how they had been quantified and whether the utilities and

disutilities had been valued appropriately in terms of cost per QALYs.

Most economic evaluations reviewed and presented in Chapter 4 concluded that breast cancer

screening was cost-effective using a cost per QALY approach. Quality of life was found to be
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a key driver of cost-effectiveness in sensitivity analyses, yet the evidence informing QALY's
did not necessarily capture all benefits and harms associated with the sequelae of
mammography. The systematic review of economic evaluations and primary studies
suggested that the utilities derived for or applied to breast screening health states were
unlikely to fully account for screening outcomes in terms of utility, particularly with regard to
the potential risk of overdiagnosis, and were consistent with the concerns raised by the UK
Independent Panel on Breast Cancer Screening (3). None of the primary studies had explicitly
included overdiagnosis in the valuation of utility and the same values were used for in situ

and invasive breast cancer, despite potential differences in prognosis and management.

The review highlighted a gap in the literature related to the limitations of the utilities being
applied in economic evaluations of breast screening programmes. It concluded that better
empirical data were needed to inform decisions using QALYs, particularly for low-risk
disease most likely to be subject to overdiagnosis. Importantly, the results illustrated the
methodological challenges associated with valuing screening related health states and DCIS;
namely the uncertainties associated with the natural history of the disease and risk of
overdiagnosis, and inconsistency in the economic methods, durations and populations applied
to measure utility. Consequently, recommendations were made on how best to proceed in

potentially capturing these harms in future economic evaluations.

A second targeted systematic review in Chapter 7 was subsequently undertaken of economic
evaluations for treatments specific to DCIS. The aim was to gather information on the design
of the models, relevant parameters and necessary data for an economic model representing
the LORIS trial in which to apply the utilities derived in the empirical study. Only three

studies describing an economic evaluation of DCIS treatment were identified beyond the
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scope of screening. The review suggested that utilities for DCIS could be applied in an
individual sampling or Markov model to compare the benefits and harms associated with
different interventions, but that better utility data were required to populate and assess the

cost-effectiveness of treatments for low-risk disease.

The review of published breast cancer screening studies presented in Chapter 4, and of
economic evaluations for DCIS treatment in Chapter 7, thus provided support for the
empirical valuation and application of utilities associated with the potential overdiagnosis and
treatment of ductal carcinoma in situ. An empirical study valuing health states describing
treatments for low-risk DCIS allowed the exploration of economic methods aiming to capture

the utilities and disutilities in an economic model of the LORIS trial.

In summary, despite evidence from published studies that breast cancer screening is cost-
effective using a cost per QALY approach, the utilities informing the decision are limited in
their ability to appropriately account for all relevant benefits and risks, specifically related to
the potential overdiagnosis and treatment of ductal carcinoma in situ. The systematic reviews
highlighted an important gap related to the lack of robust utility data informing the decision
on population breast cancer screening and treatment programmes and supported the primary

data collection of utilities which aimed to capture the potential risk of unnecessary treatment.

10.3.2 Findings from the empirical study
The objective of the empirical study was to quantify women’s preferences for managing low-
risk DCIS in order to address the paucity in utilities identified by the review. DCIS is a non-

obligate precursor to invasive breast cancer (71) and therefore provided a suitable proxy in
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which to evaluate the potential disutility from the risk of overtreatment from overdiagnosis

following mammography.

Women were recruited via two breast cancer agencies over a six-month period, and both
patient and non-patients were asked to value seven hypothetical health states describing
treatments for low-risk DCIS, where the benefits and risks of treatment were made explicit in
the vignettes. Three different economic measures (VAS, SG, EQ-5D-5L) were applied using

the methods identified in the systematic review.

A total of 172 women (94 patients, 78 non-patients) provided utilities for the seven health
states. Utilities were greatest for health states minimising the risk of potential overtreatment
(active monitoring) and were lower than those previously elicited for surgery and
radiotherapy in the literature, whereby it is unlikely that women were made aware that their
treatment may have been unnecessary. The exception to this was for breast conserving
surgery, which was rated more favourably by patients using the VAS. The disutility
associated with unnecessary treatment was quantified (as the difference in utilities for
monitoring and potentially unnecessary intervention) and varied from -0.123 to 0.203

depending on the methods and perspective applied.

The utilities elicited in the thesis were generally lower than those from the literature for
health states using comparable populations and methods (135). Whilst this decrement in
utility could be related to other methodological factors (e.g. sampling, anchoring,
demographics etc.), the differences may also be correlated in part with the risk of unnecessary
treatment described, particularly given the convergence in the utilities derived in Chapters 5

and 6 across three economic methods and two populations.
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10.3.3 Findings from the economic model

The next step following the collection of utilities was to determine whether capturing the
benefits and harms in QALY's was likely to have a meaningful impact on future breast cancer
policy decisions. It was beyond the scope of this thesis to model the entire breast cancer
screening pathway. Consequently, an economic model of the LORIS trial was designed to
compare the cost-effectiveness of treatments using the utilities derived in the empirical study.
An individual state-transition model was developed to account for the recurrent health states
associated with the treatment of DCIS. The model simulated a cohort of 50 year-old women
with low-risk DCIS undergoing active monitoring or standard treatment over a lifelong time
horizon. The results using the utilities from the empirical study (where the disutility of
unnecessary treatment was valued) were compared with those from the literature (where the

risk is unlikely to have been adequately captured).

Keeping all other model parameters equal, the cost per QALY's using the empirical utilities
from the thesis suggested active monitoring was cost-effective when compared with standard
surgical management, but when the utilities from the literature were applied the magnitude
and direction of cost-effectiveness was reversed (AM was dominated). This finding is critical
to the main objectives of the thesis; not only was the disutility of overtreatment important in
economic evaluation, but it also had the potential to change the relative cost-effectiveness of

the current strategy and decision on how low-risk DCIS is managed.

The impact of the disutility of overtreatment from overdiagnosis had a more profound effect
on older women (>60 years), or where model inputs were set to a lower risk of invasive
progression or shorter time horizon, consistent with analyses of active monitoring strategies

in other screen detected cancers (333, 451), where patients are more likely to die from
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competing causes of mortality. There was however significant uncertainty associated with the
model related to the limitations of the data for active monitoring (PSA demonstrated mixed
results). Nonetheless, given the illustrative nature of the model the results suggest that
capturing the harms of the sequelae of screening in economic evaluations does matter, as per
Raftery and Chorozoglou’s (31) initial hypothesis about the possible net harms of breast

cancer screening.

10.3.4 Findings from the qualitative analysis

The empirical data and economic model thus far indicated that the sequelae of overdiagnosis
were important in the decision on how to manage low-risk DCIS. But there was also
variability in the individual utilities reported, implying that how women conceptualised the
benefits and harms was also likely to be crucial to understanding the impact that this could
have on practice and policy. A qualitative analysis was therefore undertaken to explore the
reasoning behind the heterogeneity in utility and to gain an understanding of the factors

which influenced women’s preferences in the trade-off between treatments for DCIS.

Twenty-six in-depth interviews were conducted with breast cancer patients in Melbourne,
Australia, who had experience of the different treatments for early stage disease. Interviews
were semi-structured and inductive in that women were encouraged to talk at length about
their experiences and interpretation of the benefits and harms, but they could also raise issues
that they felt were important in the valuation of treatment not suggested in the topic guide. A
framework analysis was adopted to allow the preferences of women to be compared using a
systematic approach and supplemented the empirical data by exploring the factors

influencing utility.
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Four common themes were identified from the qualitative interviews relating to how women
valued the utilities associated with DCIS; understanding of the condition, information and
communication about the benefits and risks of treatment, uncertainty around the outcomes
and the psychosocial impact of treatment. Evidence from the interviews, and in line with
previous qualitative research, suggested that many patients continued to perceive DCIS as a
life-threatening condition despite its favourable prognosis (190, 452). This phenomenon was
more pronounced among women who had undergone a mastectomy, where the reported
utilities for invasive management were higher than for BCS or active monitoring. Similarly,
most women were unaware about the risk of unnecessary treatment but indicated that this
would likely have been important in their decision toward less invasive treatment, had they

been made aware of it by their clinician.

Women found valuing utilities for DCIS to be particularly challenging because of the
uncertain pathway of invasive disease progression. Patients expressed conflicting opinions
about the benefits and harms of treatment according to risk threshold (fear of recurrence),
family commitments and responsibilities (carer spill-over), access to treatment (rural-urban
divide) and perceived tolerance for the side-effects. Nonetheless, patient involvement
suggested that the harms were considered just as important as the benefits in the valuation of

breast cancer screening and treatment programmes.

10.4 Synthesis and reflection on the main findings

A number of similar overarching themes were raised across the different phases of the

research. The findings collectively demonstrated that:
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Economic evaluations of breast cancer screening programmes are unlikely to
adequately capture the benefits and risks associated with its sequelae in QALYS.
Quantifying the disutility of overdiagnosis in breast cancer is challenging because of
the unknown natural history of the condition and risk of invasive progression.
Current utilities are limited by the paradox of overdiagnosis, 1.e. the more people are
(over) treated, the more people think screening saved their lives, especially if each
individual justifies their treatment by believing that they have had a dramatic benefit.
There are a limited data on the cost-effectiveness of interventions for low-risk disease
(DCIS) identified through mammography screening.

The utilities associated with the treatment (and risk of overtreatment) of DCIS may
feasibly be quantified using standard gambles or EQ-5D and vignettes which
explicitly detail the benefits and risks in the health states described.

The harm of overdiagnosis may subsequently be captured indirectly by calculating
the disutility between treatments with and without the risk of overtreatment.

Under a wide range of assumptions, for a 50 year-old woman, active monitoring is a
reasonable approach to treating low-risk DCIS based on QALY's compared with
standard treatment. However, individual preferences play a key role in the decision.
The valuation of the benefits and harms associated with DCIS is important and may

change the relative cost-effectiveness of the current treatment (and screening) policy.

In terms of the overall research, the combination of quantitative and the qualitative patient

interviews has enhanced the strength and validity of the findings. The utilities provided

empirical data that could be applied in the economic evaluation of DCIS interventions, and

the interviews were able to capture data on the issues that women felt were important in the

valuation of health states. Furthermore, the main themes and issues that emerged from
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quantifying the benefits and harms associated with the sequelae of DCIS were corroborated

in both phases of the research.

The next section discusses the main strengths and limitations of the overall findings and work

undertaken in this thesis.

10.5 Strengths and limitations of the thesis

10.5.1 Strengths

The main strength of this thesis is that it has presented both empirical and qualitative
evidence to demonstrate that the explicit inclusion of the benefits and harms associated with

the treatment of DCIS does matter in the decision following breast cancer screening.

First, a rigorous and comprehensive review of the literature was undertaken to critique the
current evidence informing the breast cancer screening debate. The systematic review
illustrated that overdiagnosis had not been adequately captured in the economic evidence
informing breast cancer screening policy and suggested potential methods for exploring how
this harm might be captured in QALY's. An exploratory study was subsequently undertaken
to provide novel utility data in which the risk of overtreatment was quantified, using DCIS as

a case study in which to address the limitations identified.

Second, the application of the derived utilities in an economic model of the LORIS trial
demonstrated that the explicit inclusion of the effects of this disutility would likely provide
results different from those produced using the utilities from the literature. This finding is of
vital significance to future economic evaluations in breast cancer because it supports

concerns that the net harms may change the decision on how women are treated or screened
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(31). Patients also voiced issues related to how the benefits and risks associated with DCIS
were communicated in the decision to treat screen-detected disease. This thesis was therefore
unique in that it not only explored economic methods to try and quantify the utilities and
disutilities associated with DCIS, but it also used in-depth interviews to explore the factors

driving the differences in the values themselves.

Thirdly, this is the first study to value the disutility associated with the potential harm of
unnecessary treatment in terms of quality of life. It builds on the hypothesis generated by
Raftery and Chorozoglou (31) to demonstrate (through the application of the utilities in an
economic model) that the disutility associated with the risk of unnecessary treatment may
change the relative cost-effectiveness of the current treatment strategy for low-risk DCIS.
Further, the utilities derived in this thesis may be applied in future economic evaluations of
breast cancer screening programmes to capture the impact of treating (and potentially

overtreating) in situ disease following mammography (19).

The results provide key evidence to inform the ongoing debate about breast cancer screening
programmes. Breast cancer screening was declared a priority policy area by the UK
Department of Health (453), and yet the economic evidence on the harms of overdiagnosis
are insufficient to advise future policies on risk-stratified mammography screening. The
utilities reported in the literature are unlikely to capture the additional impact upon quality of
life from having an intervention which may not be necessary, as shown in Chapter 6.
Although the findings from this thesis require further validation in the context of the wider
breast screening pathway, the results do demonstrate that vignettes may provide a suitable
vehicle in which to quantify this hypothetical disutility as a first step toward capturing the

harms of overtreatment in economic evaluation.

280



10.5.2 Limitations

It is important to acknowledge that the methods applied in this thesis were exploratory in
nature. Although the methods and vignettes were informed by clinical experts and an
extensive review of the literature (284), it is unlikely that the disutility of overdiagnosis was
captured in its entirety. Theoretically, women can never truly know whether they are the
subject of overdiagnosis. Therefore, an assumption was made that this harm was best
captured indirectly by valuing the impact of the risk of unnecessary treatment among those
with low-risk disease. Whilst this risk was important in the valuation of utility, further
validation is required by comparing vignettes with and without the risk of overtreatment and

confirmation of the likely probability when LORIS is published.

A second limitation of the thesis was that the vignettes were framed to avoid using cancer
terminology to describe in situ disease, as recommended in other studies valuing health states
for DCIS (275, 299), but this may conflict with the goal of overdiagnosis valuation. If women
are willing to tolerate more risk for the sake of avoiding cancer, one could argue that this
should be considered in the description of DCIS, even if it may bias the results toward
invasive treatment. However, it is unlikely that this would have had a significant impact on
the utilities elicited in this thesis given the recruitment of women from breast cancer research
registries who may have been more knowledgeable than the lay individual. Ascertaining the
values of non-screeners, younger women and men is thus also necessary to ensure the
findings are representative of the views of the general population who may be less well

informed about DCIS and the concept of overdiagnosis.

Third, the calculation of the EQ-5D-5L utilities was reliant on the generalisability of UK to

Australian tariffs (18). Although previous studies have demonstrated reasonable convergence
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between the two population demographics and baseline EQ-5D-3L utility data (302, 303),
less is known about the applicability of EQ-5D-5L tariffs across the two breast cancer

populations.

Finally, the application of utilities was reliant on an economic model with considerable
uncertainty. The model parameters were limited by the lack of published data on the
probability of in situ disease progression and resource use for active monitoring, as confirmed
by the mixed results in the probabilistic sensitivity analysis. However, the purpose of the
model was to illustrate the potential impact of the inclusion of the net harms and not to
generate the actual cost-effectiveness of active monitoring versus standard treatment.
Therefore, by keeping all other variables constant the model was able to demonstrate the
potential impact associated with the management and potential overtreatment of low-risk

DCIS identified by mammography.

10.6 Comparison with other studies

10.6.1 Challenges associated with overdiagnosis

This study has provided empirical evidence to demonstrate that the benefits and harms
captured in the economic evaluation of DCIS treatment matters. The findings build on the
foundations set out by Raftery and Chorozoglou (31) who found that the inclusion of the
effects of the harms from false positives and treatment changed the initial cost-effectiveness
of the current breast cancer screening strategy. Although the economic model in this thesis
focused on part of the screening pathway, specifically the management of DCIS based on
LORIS trial, the explicit inclusion of utilities capturing the risk of unnecessary treatment did

affect the direction and magnitude of the policy recommended for low-risk disease. The
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utilities derived may be used to further update the Forrest model (19) to ascertain the

potential impact of overtreatment on breast cancer screening programmes.

This is the first study to elicit utilities for active monitoring and the risk of unnecessary
invasive treatment in DCIS, but prior studies have attempted to capture this harm in the wider
oncological setting (289, 332, 454). Several studies (289, 455, 456) have valued health states
for active surveillance in prostate cancer describing the potential for invasive progression,
and reported higher utilities compared with standard surgical treatment. Utilities were
subsequently applied in economic models of prostate cancer screening but demonstrated
mixed cost-effectiveness results on whether men should be routinely screened (333, 364).
Similarly, Venkatesh et al. (457) estimated the harm of unnecessary treatment for low-risk
thyroid cancer using the differences in disutility (1-utility) between active monitoring of
stable disease and disease-free monitoring after surgery. Cost-effectiveness was highly
dependent on patient disutility associated with active monitoring, but individuals did not have

to make decisions about screening and treatment based on incomplete or missing information.

DCIS on the other hand presents a challenging health state to value and conceptualise
because of the unknown risk of invasive progression. A full understanding of the natural
history of the disease is required to overcome traditional screening biases and uncertainty.
Women are paradoxically reassured that they do not have cancer yet are recommended
extensive treatment which they may perceive as having saved their life. Whilst some authors
(458, 459) argue that if women don’t know there is a disutility then the harm cannot be
captured, the results from both the empirical and qualitative interviews presented in this
thesis provide firm evidence that knowing the risk of unnecessary treatment does seem to be

important and potentially quantifiable in economic evaluation.
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Whilst the disutility of overdiagnosis cannot be quantified directly because women cannot
ever be sure whether they have or have not been overdiagnosed (31), the disutilities from
treatment may be used to capture this harm indirectly by comparing values which include the
risk of overtreatment (immediate surgery) with those that do not (active monitoring). Indeed,
the qualitative research in Chapter 9 suggested that being informed about both the benefits
and risks (including the potential for unnecessary treatment) was important to women when
valuing the health states for DCIS. Similar findings about the sequelae of mammography
screening have been reported in other qualitative studies exploring the impact of

overdiagnosis (298, 299).

10.6.2 Methodological approach

A major contribution of this thesis was the exploratory methods applied to measure the
utilities and disutilities associated with DCIS. The standard gamble and EQ-5D approaches
adopted were built on the methods applied previously to value health states with uncertainty
in prostate cancer (289) and were informed by a comprehensive and systematic review of the
literature (284). However, this thesis also explored whether the utilities derived could be

applied to capture the disutility associated with overdiagnosis indirectly.

The utilities reported were lower than those previously elicited in the literature for health
states describing treatments for DCIS, where the risk of unnecessary treatment was not made
explicit in the vignettes (148, 248, 254), but were comparable to those derived for active
monitoring states in prostate cancer where the benefits and risks were similarly described
(289, 332). Nonetheless, the SG values exhibited a slight ceiling effect between health states
(a known complication of the SG) (152), and further validation of the EQ-5D-5L is required

by comparing vignettes with and without the risk of overtreatment.
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The responses to standard gambles were comparable to those reported by Baker and
Robinson (460) where the impact of the choices on others was a natural part of the decision
process (e.g. radiotherapy on family life). The standard gamble is often advocated on the
grounds that almost all decisions about health are made under conditions of uncertainty (140).
The gamble holds if the axioms of EUT are upheld but individuals may not always act
rationally in decisions around healthcare (461). Yet preferences are defined over a domain of
lotteries, some of which may be constant, whereas others may have multiple outcomes (117).
This is reflective of real life where health states and outcomes are never certain. Thus, by
including the benefits and risks in the vignettes but keeping the gamble anchors constant (i.e.

dead and perfect health), the axioms of EUT were upheld and may be argued as valid.

Llewellyn-Thomas et al. (328) point out that it would be “naive to think of any state of health
as possessing a single utility or value,” (1984: p50). Rather, utilities for health states are
influenced by the method used to elicit judgements and other circumstances of the rating task.
The findings from this thesis raise two different questions; the problem of valuation and of
communication. First, the results suggest that there is an intrinsic harm from overdiagnosis
related to overtreatment. Women valued surgery lower than active monitoring if it reduced
the potential disutility from undergoing unnecessary treatment without a significant trade-off
in the risk of invasive progression using all three economic measures. However, the
magnitude of this difference was largely dependent on the method and population applied to
derive the utility (178). This phenomenon was also observed in another study of breast cancer
health states, where patients rated BCS higher than the public, despite the same outcome of

recurrence being described in the vignettes (144).
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The qualitative study also raised the question of the harm of misinformation and informed
choices. Some women were willing to forgo the risk of possible side-effects and
overtreatment to reduce the risk of local recurrence, but others indicated that they would have
placed a lower value on health states had they known that there was a chance that it might not
have been needed. For example, patient utilities were more likely to favour invasive adjuvant
therapy or mastectomy if they were told that it had been necessary by their doctors. Issues in
the understanding of risk and misinformed decisions about breast cancer screening and
treatment practices were previously highlighted as major drivers of responses to treatment

among high-risk women in Australia (462).

10.6.3 Economic model

The economic evaluation of active monitoring and standard treatment in Chapter 8 is the first
reported for DCIS, but the results were comparable to economic models of prostate cancer
surveillance (463). Both models resulted in a higher rate of invasive progression for active
monitoring but no difference in disease-specific or all-cause mortality (333). Active
monitoring was favoured over initial treatment for both low-risk breast and prostate disease
using cost per QALYs, but the results were highly dependent on the utilities for living under
active monitoring compared with having been treated (451). Individual preferences thus
appear to play a central role in the decision on whether to treat or to pursue active monitoring

in the management of low-risk cancers identified through cancer screening programmes.

10.7 Contribution to the literature
This thesis has demonstrated potential methods toward capturing the harm associated with
overdiagnosis in the economic appraisal of breast screening programmes and has therefore

made an original and relevant contribution to the literature. However, it would be naive to

286



suggest that this thesis has captured the disutility of overdiagnosis in its entirety. Even if the
risk of invasive progression is validated in the LORIS trial (30), women will always face a
degree of uncertainty in deciding whether to have treatment, as is the case for any
intervention. Why then is the harm of overdiagnosis different to the risks observed in other
health decisions? Indeed, some individuals may prefer to experience ill health immediately to
eliminate anxiety, for example, those with a positive family history of BRCA may opt for

prophylactic bilateral mastectomy to reduce the risk of developing breast cancer (144).

Ultimately, women with DCIS are treated aggressively for a condition which may never
progress as an indirect consequence of screening. The natural history of the condition
following diagnosis is unknown (28), yet the current valuations are based on the premise that
surgery is necessary or lifesaving. The approach adopted in economic evaluations to date
assume that overdiagnosis is captured through the side-effects and costs of cases treated or
treated earlier. However, this argument is flawed if the individuals valuing health states (or
their own health in the surgical arm of active monitoring trials) are under the impression that
the treatment is necessary because this may inappropriately bias utilities and the decision
towards screening and invasive treatment. This thesis has demonstrated that if women are

informed that there is a risk of overtreatment then the utilities reported are likely to be lower.

Overdiagnosis has obvious harms to society in terms of inappropriate resource use (and
opportunities forgone). However, what this thesis has aimed to ascertain is whether this harm
also has a tangible impact upon quality of life (and QALYs) among those informed that there
is a risk that their treatment may be unnecessary as an indirect result of overdiagnosis. The
results of the empirical study suggest that there is likely to be an additional disutility when

overdiagnosis is explicitly captured into the decision-making process. Further, when this
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harm was included in an economic evaluation it had the potential to change cost-effectiveness

results.

10.8 Implications for DCIS and breast cancer screening

The objective of this thesis was to quantify the benefits and harms associated with the
overdiagnosis and treatment of DCIS and to highlight where future research may be required
in order to minimise the potential harms from screening. The aim was not to provide an all-
encompassing model of the breast screening programme, but rather to consider how such
harms may be quantified in future economic evaluations by exploring the potential methods

for capturing them in a sample of women likely to be the subject of overtreatment.

Evidence from the interviews and empirical study conducted, and in line with previous
studies, suggest that women do value the early diagnosis and management of in situ disease.
Whilst overdiagnosis from screening is a risk that many women felt worth accepting, the
potential consequences of overtreatment, however, were not. The results showed that
capturing the harms from unnecessary treatment were important in the economic evaluation
of DCIS management, and the values may be further applied in the economic evaluation of
breast cancer screening programmes. Indeed, the utilities are more likely to be representative
of women’s preferences than those elicited in the LORIS trial as women were informed in the
vignettes that there was a risk of that the treatment may have been unnecessary, whereas this

is not ethically plausible between the two randomised trial arms in practice.

Critically, the results presented are relevant to the national breast cancer screening
programme which is seeking to move toward a more risk-stratified approach (26, 390). The

results from this thesis do not suggest by any means that we should not be screening women
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(mammography undoubtedly saves lives), but rather that the harms of screening the wider
population should be considered in the decision process, so that screening and treatment can
be tailored appropriately. With plans to extend routine mammography screening to women
aged 47-74 years in the UK (230), it is likely that the incidence of low-risk and in situ breast
cancer will further increase and therefore a re-evaluation of the most cost-effective breast

screening and treatment strategy is necessary.

10.9 Implications for other health conditions

The inclusion of benefits and harms in QALY's is important in the economic evaluation of
healthcare. Whilst the results presented in this thesis may impact upon decisions related to
breast cancer treatment (and potentially mammography), there are also potentially important
implications for the economic evaluation of screening strategies in the wider health economic

literature.

The UK National Screening Committee (UKNSC) is responsible for the evidential review of
over ten population screening strategies for those who may be at increased risk of a disease or
condition (464). When considering who to screen and which conditions to screen for, the
benefits of offering a screening programme are weighed up against the potential harms. The
UK NSC reviews its recommendations on screening for different conditions every three
years, but it is unclear as to whether the economic evidence informing other screening
decisions have appraised the relevant benefits and harms in QALY's or come under the same

scrutiny as breast cancer screening programmes in recent years.

The inappropriate valuation of harms, such as overdiagnosis, may have contributed to the

potentially misleading results about the cost-effectiveness of other screening initiatives. For
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example, one such case is the use of pulse oximetry as an adjunct screening test for
congenital heart defects in newborn infants to supplement the current newborn screening
programme (465). Pulse oximetry uses infrared light to identify congenital heart problems
that might otherwise go undetected. It was deemed a safe, non-invasive and cost-effective test
to support the current newborn screening examination in terms of ‘cost per additional case of
timely diagnosis’ due the predicted reduction in morbidity and costs from early treatment
(466). Yet the analysis failed to include any harm from false positives and additional
diagnostic investigation. If the findings from this thesis are applied to newborn screening,
then the explicit inclusion of the potential harms from false positive screens (i.e. extra
diagnostic tests and lumbar punctures performed) may render the screening programme no

longer cost-effective and recommended for those at lower risk.

Similarly, the conclusions from this thesis may also have implications in other screening
programmes where the cost-effectiveness of screening may potentially be reversed by
including the disutilities associated with the harms alongside the benefits in QALYs.
Examples where the harms are likely to be important in other screening decisions include
abdominal aortic aneurysm screening (467), prostate cancer screening (286) and population
cancer genetic screening (468). The results do not imply that the general population should or
should not be screened, but rather that further research and critical appraisal is necessary to

ensure that the sequelae of screening are valued appropriately in economic evaluation.

10.10 Future research recommendations

The research developed within this thesis has made a valuable contribution to the existing

body of literature, but also serves to outline recommendations for future research.
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Firstly, a comparison of utilities using vignettes for health states with and without the
description of overdiagnosis would provide more information on the potential magnitude of
this harm. This thesis has demonstrated the methodological feasibility of quantifying the
benefits and harms associated with the sequelae of screening in terms of utility, including the
risk of unnecessary treatment from overdiagnosis, but it is recognised that further analysis is
necessary to validate the findings. The measurement of utility using a sample of the UK
general population would also provide utilities which are more generalisable for use in

economic evaluation as they may have a lower lay understanding of DCIS and overdiagnosis.

Second, the findings support a re-evaluation of the cost-effectiveness of the NHS breast
screening programme using the utilities derived in this thesis to account for the disutility of
overdiagnosis. A primary objective of this thesis was to provide data for low-risk breast

cancers that could be used to inform cost per QALY in the breast cancer screening debate.

The optimal management of DCIS is uncertain because there are limited data on the natural
history of the disease. As has been highlighted in the literature, future research should focus
on clarifying the risk of invasive progression and more reliable data about the long-term
sequelae associated with DCIS, to reduce the uncertainty in economic models and health
valuation studies. Collaboration of clinical and health economic findings from trials seeking
to ascertain the appropriate treatment of screen detected low-risk DCIS (e.g. LORIS) is
necessary to reduce adverse outcomes incurred through population screening. It is likely that
utilities will also be better informed once the evidence from LORIS is published as only then
can women make truly informed decisions about the screening and treatment of low-risk

disease.
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Finally, the qualitative work presented in this thesis raised important concerns about patient
understanding of DCIS and the benefits and harms of treatment. Further engagement with the
general public and clinicians is necessary to determine how best to communicate decisions
related to the risk of overtreatment, to improve lay understanding of overdiagnosis prior to
mammography attendance and to improve the standard of information regarding treatment

choices for DCIS provided by health professionals.

10.11 Conclusion

This thesis has provided both quantitative and qualitative evidence to demonstrate that the
benefits and harms captured in the economic evaluation of DCIS treatment is likely to matter.
The contribution of this research is important in the context of the debate on breast cancer
screening programmes. Much of the focus has been on the magnitude of overdiagnosis yet

little has been done to address the issues in the economic evidence informing the debate.

The inclusion of the benefits and harms associated with DCIS is likely to be important in the
economic evaluation of mammography although further research is required to ascertain the
exact magnitude of the associated disutility. Utilities derived in this thesis were lower than
those previously elicited in the literature, where the risk of overtreatment had not been made
explicit, and had the potential to change the decision on the cost-effectiveness of treatment.
Capturing the risks of unnecessary treatment was also deemed important to women in the
discussion about the sequelae of screening, particularly for those with DCIS which accounts

for a considerable proportion of the breast cancers identified through screening.

This thesis has made several original and important contributions to the health economic and

breast cancer literature, both methodological and in terms of recommendations for the future
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economic evaluation of breast cancer screening programmes. Methodological approaches are
suggested on how to quantify the harm of overtreatment and may have implications for breast
cancer screening or other screening initiatives. The involvement of both patient and non-
patient perspectives was also useful and provided novel data on how treatment is perceived

and valued for low-risk cancers potentially subject to overdiagnosis.

To conclude, this thesis has argued that the harms of screening should be considered in
QALYs. The explicit inclusion of the utilities and disutilities associated with DCIS is likely
to matter in the decision on how women are screened and treated for breast cancer in the
future. Recommendations are made for the economic evaluation of breast screening
programmes using the data from this thesis, aimed at enhancing the quality and validity of

breast cancer screening and treatment strategies.

293



APPENDICES

294



APPENDIX 1: Systematic review publication
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Valuing the health states associated with breast cancer screening
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ARTICLE INFO ABSTRACT

Keywords: Policy decisions regarding breast cancer screening and treatment programmes may be misplaced unless the
Health state utility value decision process includes the appropriate utilities and disutilities of mammography screening and its sequelae.

Quality of life The objectives of this study were to critically review how economic evaluations have valued the health states
QALY associated with breast cancer screening, and appraise the primary evidence informing health state utility values
z:::nzagr";;ry (cardinal measures of quality of life). A ic review was d d up to Sep 2018 of studies that
Screening elicited or used utilities relevant to mammography screening. The methods used to elicit utilities and the quality

of the reported values were tabulated and analysed narratively.

40 economic evaluations of breast cancer screening programmes and 10 primary studies measuring utilities
for health states associated with mammography were reviewed in full. The economic evaluations made different
assumptions about the measures used, duration applied and the sequalae included in each health state. 22
evaluations referenced utilities based on p or used that were not methodologically ap-
propriate. There was significant heterogeneity in the utilities generated by the 10 primary studies, including the
methods and population used to derive them. No study asked women to explicitly consider the risk of over-
diagnosis when valuing the health states described.

Utilities informing breast screening policy are restricted in their ability to reflect the full benefits and harms.
Evaluating the true cost-effectiveness of breast cancer screening will remain probl ic, unless the methodo-
logical challenges associated with valuing the disutilities of screening are adequately addressed.

1. Introduction individuals to value hypothetical health states, and preferences are
directly measured onto the utility scale using the standard gamble (SG),
time-trade off (TTO) or visual analogue scale (VAS) (Torrance, 1986).
The TTO and SG clicit individual choices under uncertainty in life ex-

pectancy or risk of death and good health (Dolan et al., 1996), whereas

Evidence regarding the cost-effectiveness of healthcare technology
is increasingly required to inform the decision on whether to fund and
implement new treatment (Drummond et al., 2015). Many decision-

making bodies require interventions to be assessed using cost per
quality-adjusted-life-years (QALYs) (NICE, 2013), a single summary
measure combining life expectancy with individuals’ relative pre-
ferences for health states in terms of quality of life (Neumann et al.,
2000; Whitehead and Ali, 2010). Health state utility values (HSUVs) are
cardinal measures of preference rated on a utility scale anchored from
dead (0) to perfect health (Drummond et al., 2015). Utilities can be
valued directly or indirectly (Tolley, 2009). Direct methods ask

the VAS provides an intermediate valuation of health on a graduated
rating scale (Bass et al., 1994). Indirect methods use a generic multi-
attribute utility instrument (MAUI), such as the EuroQol-5 Dimensions
(EQ-5D) (Dolan, 1997). Current or hypothetical health is mapped onto
a generic health instrument and indirectly valued using tariffs for the
generic health states that have previously been estimated using direct
valuation methods from the general population (Kind et al., 1999).
Economic evaluations impact health policy decisions and so the

“ Corresponding author. Health Economics Unit, University of Birmi Bir
E-mail address: T.E.ROBERTS@bham.ac.uk (T.E. Roberts).

https://doi.org/10.1016/j.socscimed.2019.03.028

h West Midlands, B15 21T, UK.

Received 7 November 2018; Received in revised form 21 January 2019; Accepted 15 March 2019

Available online 21 March 2019
0277-9536/ © 2019 Elsevier Ltd. All rights reserved.

295



APPENDIX 2: Search strategy for the systematic review of economic measures in breast
cancer screening programmes

Ovid MEDLINE(R)

1. Breast Neoplasms/

2. (ductal carcinoma in situ or DCIS).ti,ab. or ductal carcinoma in situ/ or DCIS/

[98)

(breast cancer or breast carcinoma or breast neoplasm or breast tumo*r or breast
adenocarcinoma).ti,ab.
(overdiagnosis and breast).ti,ab.

. Mammography/

4

5

6. mammogra®.ti,ab.

7. breast screen*.ti,ab.

8. or/l-7

9. Economics/

10. economic evaluation.ti,ab.

11. "Costs and Cost Analysis"/

12. Cost-Benefit Analysis/

13. cost.ti,ab.

14. exp "Quality of Life"/

15. (quality of life or QoL).ti,ab.

16. Quality-Adjusted Life Years/

17. (quality adjusted life year* or QALY *).ti,ab.

18. (cost benefit analysis or cost utility analysis or cost effectiveness analysis).ti,ab.

19. Models, Economic/

20. economic model.ti,ab.

21. ("time trade off" or tto or "standard gamble" or "visual analogue scale" or (EQ5D or
"euroqol 5d")).tw.

22. (preference$ or valuation$).tw.

23. (health utilit* or health disutilit*).ti,ab.

24. health state$.tw.

25. or/9-24

26. Mass Screening/

27. screening.ti,ab.
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28.26 or 27
29. 8 and 25 and 28
30. Limit 29 to English language

EMBASE

1. breast cancer/

2. (ductal carcinoma in situ or DCIS).ti,ab. or ductal carcinoma in situ/ or DCIS/

[98)

(breast cancer or breast carcinoma or breast neoplasm or breast tumo*r or breast

adenocarcinoma).ti,ab.

4. (overdiagnosis and breast).ti,ab.
5. mammography/

6. mammogra®.ti,ab.

7. breast screen*.ti,ab.

8. or/l-7

9. economics/

10. economic evaluation.ti,ab.

11. "cost benefit analysis"/

12. economic evaluation/

13. cost.ti,ab.

14. "quality of life"/

15. (quality of life or QoL).ti,ab.

16. quality adjusted life year/

17. (quality adjusted life year* or QALY *).ti,ab.

18. (cost benefit analysis or cost utility analysis or cost effectiveness analysis).ti,ab.

19. economic model.ti,ab.

20. (health utilit* or health disutilit*).ti,ab.

21. ("time trade off" or tto or "standard gamble" or "visual analogue scale" or (EQ5D or
"euroqol 5d")).tw

22. (preference$ or valuation$).tw.

23. health state$.tw.

24. or/9-23

25. mass screening/

26. screening.ti,ab.
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27.25 or 26
28. 8 and 24 and 27
29. Limit 28 to English language

PsycINFO

1. Breast Neoplasms/

2. (ductal carcinoma in situ or DCIS).ti,ab. or ductal carcinoma in situ/ or DCIS/

[98)

(breast cancer or breast carcinoma or breast neoplasm or breast tumo*r or breast

adenocarcinoma).ti,ab.

4. (overdiagnosis and breast).ti,ab.
5. MAMMOGRAPHY/

6. mammogra®.ti,ab.

7. breast screen*.ti,ab.

8. or/l-7

9. ECONOMICS/

10. economic evaluation.ti,ab.

11. "Costs and Cost Analysis"/

12. cost.ti,ab.

13. "Quality of Life"/

14. (quality of life or QoL).ti,ab.

15. (quality adjusted life year* or QALY *).ti,ab.

16. (cost benefit analysis or cost utility analysis or cost effectiveness analysis).ti,ab.

17. economic model.ti,ab.

18. (health utilit* or health disutilit*).ti,ab.

19. ("time trade off" or tto or "standard gamble" or "visual analogue scale" or (EQSD or
"euroqol 5d")).tw.

20. (preference$ or valuation$).tw.

21. health state$.tw.

22. or/9-21

23. Cancer Screening/

24. screening.ti,ab.

25.23 or 24

26. 8 and 22 and 25
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27. Limit 26 to English language

Econlit (EBSCO)

1. Breast cancer or breast neoplasm or breast carcinoma or breast adenocarcinoma or breast
tumo*r

Ductal carcinoma in situ or DCIS

Overdiagnosis

Mammogra*

Breast screen*

Or/1-5

Economics

Economic evaluation

A e T

Cost

[a—
=]

. Cost benefit analysis or cost utility analysis or cost effectiveness analysis

[a—
[a—

. Economic model

—_
[\

. health utilit* or health disutilit* or "health state*" or preference* or "time trade off" or
"standard gamble" or "visual analogue scale" or "EQS5D" or valuation*

13. Quality of life or QoL

14. Quality adjusted life year* or QALY *

15. Or/7-14

16. Cancer screening

17. Screening

18. 16 or 17

19.60r150r 18

20. Limit 19 to English language

CINAHL Plus (EBSCO)

1. (MH "Breast Neoplasms")

2. (tidcis or ab dcis ) OR ( ti ductal carcinoma in situ or ab ductal carcinoma in situ )
3. (MH “carcinoma, ductal, breast™)
4

. (ti overdiagnosis or ab overdiagnosis ) AND ( ti breast or ab breast )
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16.
17.
18.
19.

20.

21.
22.
23.
24.
25.
26.
27.

(ti "breast cancer" or ab "breast cancer" ) OR ( ti "breast carcinoma" or ab "breast
carcinoma" ) OR ( ti "breast neoplasm" or ab "breast neoplasm") OR (ti “breast tumo*r”
or ab “breast tumo*r”’) OR ( ti "breast adenocarcinoma*" or ab "breast
adenocarcinoma*")

(MH “Mammography”)

Ti mammogra* or ab mammogra*

Ti "breast screen*" or ab "breast screen*"

Or/1-8

. (MH "Economics")

. (MH "Costs and Cost Analysis")

. (MH “cost benefit analysis”)

. Ti “economic evaluation” or ab “economic evaluation”
. ti cost or ab cost

. (ti "cost benefit analysis" or ab "cost benefit analysis" ) OR ( ti "cost utility analysis" or

ab "cost utility analysis") OR ( ti "cost effectiveness analysis" or ab "cost effectiveness
analysis" )

(MH "Quality of Life")

(ti "quality of life" or ab "quality of life" ) OR (ti "QOL" or ab "QOL" )

(MH “Quality adjusted life years™)

(ti "quality adjusted life year*" or ab "quality adjusted life year*" ) OR ( ti "QALY™*" or
ab "QALY*")

(ti health utilit* or ab health utilit* ) OR ( ti health disutilit* or ab health disutilit* ) OR
(ti preference or ab preference) OR (ti "health state" or ab "health state") OR (ti "time
trade off" or ab "time trade off™) OR (ti "standard gamble" or ab "standard gamble") OR
(ti "visual analogue scale" or ab "visual analogue scale") OR (ti "EQ5D" or ab "EQ5D")
ti "economic model" or ab "economic model"

or/10-21

(MH *“cancer screening”)

Ti screening or ab screening

23 or 24

9or22or25

Limit 26 to English language, female
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Cochrane library, NHS EED, DARE and HTA strategy

#1
#2
#3
#4
#5

MeSH descriptor: [Breast Neoplasms] explode all trees
MeSH descriptor: [Mammography] explode all trees
breast screen*®:ti,ab,kw

mammogra*:ti,ab,kw

"breast cancer" or "breast neoplasm" or "breast carcinoma" or “breast tumo*r” OR

"breast adenocarcinoma':ti,ab,kw

#6
#7
#8
#9
#10
#11
#12
#13
#14

"ductal carcinoma in situ" or "DCIS":ti,ab,kw

overdiagnosis and breast:ti,ab,kw

MeSH descriptor: [Mass Screening] explode all trees
screening:ti,ab,kw

MeSH descriptor: [Economics] explode all trees

MeSH descriptor: [Costs and Cost Analysis] explode all trees
MeSH descriptor: [Cost-Benefit Analysis] explode all trees
"economic evaluation":ti,ab,kw

"cost benefit analysis" or "cost effectiveness analysis" or "cost utility

analysis":ti,ab,kw

#15

health utilit* or health disutilit* or "health state" or preference or "time trade off" or

"standard gamble" or "visual analogue scale" or "EQ5D":ti,ab,kw

#16
#17
#18
#19
#20
#21
#22
#23
#24

#25
#22

#26

MeSH descriptor: [Quality of Life] explode all trees

"quality of life" or QoL:ti,ab,kw (Word variations have been searched)

MeSH descriptor: [Quality-Adjusted Life Years] explode all trees

"quality adjusted life year™" or QALY *:ti,ab,kw

MeSH descriptor: [Models, Economic] explode all trees

"economic model":ti,ab,kw (Word variations have been searched)

cost:ti,ab,kw (Word variations have been searched)

#1 or #2 or #3 or #4 or #5 or #6 or #7

#8 or #9

#10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or

#23 and #24 and #25
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Social Sciences Citation Index (SSCI) and Science Citation Index Expanded (SCI-
EXPANDED)

1. TS=("breast cancer" OR "breast neoplasm" OR '"breast carcinoma" OR "breast
adenocarcinoma" OR “breast tumo*r” OR "ductal carcinoma in situ" OR "DCIS" OR
mammogra* or "breast screen*") or ts=(overdiagnosis AND breast)

2. TS=(economics OR "economic evaluation" OR cost OR "cost analysis" or "cost benefit

analysis" OR "cost utility analysis" OR "cost effectiveness analysis" OR "quality of life"

or "QoL" OR "quality adjusted life year*" or "QALY*" or health utilit* or disutilit* OR
economic model)

TS=("cancer screen*" OR "screening")

TI=(breast or mammogra*)

#4 AND #3 AND #2 AND #1

#4 AND #3 AND #2 AND #1 AND LANGUAGE: (English)

#4 AND #3 AND #2 AND #1 AND LANGUAGE: (English) AND Document types:

(Article)

S A
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APPENDIX 3: Final vignettes used in the empirical study

Example Scenario

Imagine the following example:

Example Scenario

YOUR general health

TODAY
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Scenario A

Imagine you attend a routine breast screening mammogram. The x-ray identifies some
abnormal cells, but they are confined to the milk ducts of the breast.

The abnormal cells are described by the doctors as “low risk DCIS” as the risk of them
developing into a cancer is very low.

You are offered the treatment in Scenario A:

Scenario A

e The affected part of the breast is removed by day surgery.

e There is a small chance of some bleeding after surgery, or of developing an infection in
the week following the operation. Some post-operative pain may occur, which may be
permanent.

e You will have some scarring and shrinkage in the affected breast.

e You may feel more conscious of your body image and your sexual drive reduced. You feel
anxious or depressed at times.

e The chance of the cells coming back in the next 10 years is 20%. That is, 20 out of every
100 women will experience a recurrence within 10 years.

0 If this happens you would require further surgery and radiotherapy but there is no
increased risk of dying as a result of this diagnosis and treatment.

e You are told there is a 60% chance that you do not need the surgery as the cells may never
progress into an invasive cancer during your lifetime. This means that:

0 60 out of 100 women who choose to have surgery are overtreated and
unnecessarily experience side-effects from treatment for an abnormality that
would never have caused any harmful symptoms.

0 40 out of 100 women would need the surgery at some point during their lifetime.
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Scenario B

Imagine you attend a routine breast screening mammogram. The x-ray identifies some
abnormal cells, but they are confined to the milk ducts of the breast.

The abnormal cells are described by the doctors as “low risk DCIS” as the risk of them
developing into a cancer is very low.

You are offered the treatment in Scenario B:

Scenario B

The affected part of the breast is removed by day surgery.

e You attend hospital to have radiotherapy for 3 weeks

0 You may experience redness, itchiness, pain or fatigue during this period

e There is a small chance of some bleeding after surgery, or of developing an infection in
the week following the operation. Some post-operative pain may occur, which may be
permanent.

e You will have some scarring and shrinkage in the affected breast.
You may feel more conscious of your body image and your sexual drive reduced. You
feel anxious or depressed at times.

e The chance of the cells coming back in the next 10 years is 10%. That is, 10 out of every
100 women will experience a recurrence within 10 years.

O If this happens you would require further surgery and radiotherapy but there is no
increased risk of dying as a result of this diagnosis and treatment.

e You are told there is a 60% chance that you do not need the surgery as the cells may
never progress into an invasive cancer during your lifetime. This means that:

0 60 out of 100 women who choose to have surgery are overtreated and
unnecessarily experience side-effects from treatment for an abnormality that
would never have caused any harmful symptoms.

0 40 out of 100 women would need the surgery at some point during their lifetime.
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Scenario C

Imagine you attend a routine breast screening mammogram. The x-ray identifies some
abnormal cells, but they are confined to the milk ducts of the breast.

The abnormal cells are described by the doctors as “low risk DCIS” as the risk of them
developing into a cancer is very low.

You are offered the treatment in Scenario C:

Scenario C

e You would undergo surgery to remove the entire breast, and are offered breast
reconstruction. You may need to spend a few nights in hospital to recover.

e There is a small chance of some bleeding after surgery, or of developing an infection in
the week following the operation. Some post-operative pain may occur, which may be
permanent.

e You may experience several side-effects, including:

O Scarring and breast disfigurement

O A loss in body confidence and sexual drive

0 Depression and anxiety

e The chance of the cells coming back in the next 10 years is 1%. That is, 1 out of every
100 women will experience a recurrence within 10 years.

0 If this happens you would require more invasive surgery and radiotherapy but
there is no increased risk of dying as a result of this diagnosis and treatment.

e You are told there is a 60% chance that you do not need the surgery as the cells may
never progress into an invasive cancer during your lifetime. This means that:

0 60 out of 100 women who choose to have surgery are overtreated and
unnecessarily experience side-effects from treatment for an abnormality that
would never have caused any harmful symptoms.

0 40 out of 100 women would need the surgery at some point during their lifetime.
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Scenario D

Imagine you attend a routine breast screening mammogram. The x-ray identifies some
abnormal cells, but they are confined to the milk ducts of the breast.

The abnormal cells are described by the doctors as “low risk DCIS” as the risk of them
developing into a cancer is very low.

You are offered the treatment in Scenario D:

Scenario D

e The abnormality identified on the mammogram is closely monitored by regular
imaging.

e You have a mammogram once a year and are told the result by letter.

* You do not need to see a doctor unless any changes are picked up on your
mammogram.

e You are advised about breast awareness and do regular breast checks at home.

You may feel anxious or worried from time to time.

e The chance of the cells progressing in the next 10 years is 40%. That is, 40 out of
every 100 women with low risk DCIS will experience some progression within 10
years.

0 If this happens you would require surgery and radiotherapy but there is no
increased risk of dying as a result of this diagnosis and treatment.
0 You may need hormone tablets or a biopsy of the glands in the arm

e You are told there is a 60% chance that the cells will never progress into an invasive
cancer during your lifetime. This means that:

0 60 out of 100 women who choose to have monitoring will avoid
overtreatment and unnecessary side-effects or pain from invasive treatment.

0 40 out of 100 women would need to have surgery at some point during their
lifetime.

307



Scenario E

Imagine you attend a routine breast screening mammogram. The x-ray identifies some
abnormal cells, but they are confined to the milk ducts of the breast.

The abnormal cells are described by the doctors as “low risk DCIS” as the risk of them
developing into a cancer is very low.

You are offered the treatment in Scenario E:

Scenario E

e The abnormality identified on the mammogram is closely monitored by regular
imaging.

e You have a mammogram once a year and are told the result by letter.

e You do not need to see a doctor unless any changes are picked up on your
mammogram.

e You are advised about breast awareness and do regular breast checks at home.

e You may feel anxious or worried from time to time.

e The chance of the cells progressing in the next 10 years is 20%. That is, 20 out of
every 100 women with low risk DCIS will experience some progression within 10
years.

0 If this happens you would require surgery and possibly radiotherapy but there
is no increased risk of dying as a result of this diagnosis and treatment.
0 You may need hormone tablets or a biopsy of the glands in the arm

e You are told there is an 80% chance that the cells will never progress into an invasive
cancer during your lifetime. This means that:

0 80 out of 100 women who choose to have monitoring will avoid
overtreatment and unnecessary side-effects or pain from invasive treatment.

0 20 out of 100 women would need to have surgery at some point during their
lifetime.
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Scenario F

Imagine you attend a routine breast screening mammogram. The x-ray identifies some
abnormal cells, but they are confined to the milk ducts of the breast.

The abnormal cells are described by the doctors as “low risk DCIS” as the risk of them
developing into a cancer is very low.

You are offered the treatment in Scenario F:

Scenario F

e The abnormality identified on the mammogram is closely monitored by regular
imaging.

e You have a mammogram once a year and are told the result by letter.

e You do not need to see a doctor unless any changes are picked up on your
mammogram.

e You are advised about breast awareness and do regular breast checks at home.

e You may feel anxious or worried from time to time.

e The chance of the cells progressing in the next 10 years is 10%. That is, 10 out of
every 100 women with low risk DCIS will experience some progression within 10
years.

0 If this happens you would require surgery and possibly radiotherapy but
there is no increased risk of dying as a result of this diagnosis and treatment.
0 You may need hormone tablets or a biopsy of the glands in the arm

e You are told there is a 90% chance that the cells will never progress into an invasive
cancer during your lifetime. This means that:

0 90 out of 100 women who choose to have monitoring will avoid
overtreatment and unnecessary side-effects or pain from invasive treatment.

0 10 out of 100 women would need to have surgery at some point during their
lifetime
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Scenario G

Imagine you attend a routine breast screening mammogram. The x-ray identified some
abnormal cells, but they were confined to the milk ducts of the breast.

The abnormal cells were described by the doctors as “low risk DCIS” and were closely
monitored by yearly mammograms.

There were some changes noted at your repeat mammogram. Further investigation and
biopsy showed that the abnormal cells had progressed.

Imagine the treatment in Scenario G:

Scenario G

e The abnormality identified on the mammogram was closely monitored.

Your repeat mammogram showed some suspicious changes. Further investigation and
biopsy confirmed that the abnormal cells have progressed to an early breast cancer.

e You are worried about the delay in treatment.

Y ou require surgery to remove part of breast and some of the glands in the armpit.
You may need to spend overnight in hospital to recover.

e There is a small chance of some bleeding after surgery, or of developing an infection
in the week following the operation. Some post-operative pain may occur, which may
be permanent.

e You may also need attend hospital to have radiotherapy for 3 weeks and take hormone
tablets every day.

e You may experience several side-effects, including:

Scarring and breast disfigurement

Potentially significant swelling and discomfort of the arm on the affected side

The radiotherapy may cause additional redness, swelling, pain or fatigue

Side effects of the tablets may include hot flushes and joint pains

A loss in body confidence and sexual drive

0 Anxiety regarding the possibility the cancer will return

e The chance of the cancer coming back in the next 10 years is 10%. That is, 10 out of

every 100 women will experience a recurrence within 10 years.
0 If this happens you would require further treatment
0 The risk of dying from breast cancer would be <10%

O O0OO0O0O0
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Scenario H:

Scenario H

Perfect health

Scenario I:

Scenario I

Dead
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APPENDIX 3: Empirical study questionnaire

UNIVESITYOF THE LJN[VERSITY OF
BIRMINGHAM MELBOURNE

Valuing the benefits and risks
associated with treating low risk
breast conditions

Questionnaire

Date:
Participant ID:
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Introduction
Welcome and thank you for choosing to participate in this research.

Before you begin, the following pages will tell you a bit more about what will happen during the
study and provide you with some basic information about low risk breast cancer and the types of
treatment we will ask you to value.

Background

Overdiagnosis refers to the diagnosis of breast cancers which would not cause symptoms or harm in
a woman'’s lifetime. At present, it is impossible for doctors to know which cancers will spread and
which will not, so they are all treated straight away.

Up to 20% of breast cancers identified by breast screening programs are pre-cancerous conditions,
such as ductal carcinoma in situ (DCIS). Ductal carcinoma in situ is called a ‘pre-cancer’ because
there are abnormal cells in the milk ducts of the breast but not in any other breast tissue. Doctors
can classify DCIS as high, intermediate or low grade. Because high grade DCIS is more likely to
become breast cancer, it is treated as if it is an invasive cancer. But many doctors are not sure that
low or intermediate DCIS would ever become an invasive cancer because it may grow so slowly or
not at all during most women’s lifetimes.

Most women have surgery to remove DCIS. This may be surgery to remove the breast (a
mastectomy). Or it may be surgery to remove just the area of the breast containing the DCIS (breast
conserving surgery), with or without radiotherapy or hormone therapy. There are also trials looking
at actively monitoring low risk DCIS. These women will have a mammogram once a year to monitor
the disease instead of undergoing invasive surgeries which they may not need.

There is a small chance that women in either group will develop higher grade DCIS or invasive breast
cancer that would need more invasive treatment. The risk of disease progression may be slightly
higher in the monitoring group. However, there are risks associated with having surgery compared
to monitoring, such as bleeding, wound infections and physical changes to the breast. There are also
side effects of radiotherapy and hormone therapy.

It is not known what women would feel about monitoring low risk pre-cancers compared to having
invasive surgery. We expect different women will think differently about the type of treatment they
would prefer. We are keen to know your individual view so that we can better plan breast cancer
treatment services and reduce the harm of unnecessary invasive treatments for low risk disease.
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Outline of the interview

This study is looking to better understand women’s preferences and see how women value different
types of treatment for low risk pre-cancers identified through breast cancer screening.

You will be given a set of imaginary scenarios to read. Each will describe a different treatment for
low risk DCIS. The scenarios might describe health states following surgery, radiotherapy or
monitoring of a low risk DCIS.

The interview will be split into three sections. The first two sections will involve different ways of
measuring how you value each of the treatments described. The last section will ask some basic
some questions about you, to help us analyse the results.

Before you begin, we would like you to answer some questions about risks as a warm-up
exercise.

1. Imagine a fair coin is tossed 1,000 times. What is your best guess about how many times the
coin would land heads up in 1,000 flips?

WIItE YOUr QNSWET NEIE: ...ovcvecviee ettt et ree e e s st ses e s st et

2. Imagine the chance of winning a prize in a competition is 10%. How many people out of 100
entering the competition would win a prize?

WIILE YOUr QNSWET NEIE: ...vvcveeciiee ettt ss e st er s s st et sesees

3. Suppose you had a choice between a cash bonus of either i) $100 now OR ii) $150 a year
from now. Please tick the box to indicate which alternative you would choose:
o $100 now
o $150 a year from now

4. Suppose you had a choice between i) winning a cash bonus of $100 OR ii) a 50-50% chance
of winning $50 or $200. Which option would you choose?
o $100 for certain
o 50-50 chance of winning either $50 or $200
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We will now move on to think about the benefits and risks relating to the treatment of low risk
DCIS. You will be given a set of scenarios describing different treatments.

Please go through each of the scenarios carefully, one at a time. You will notice that the risks
involved change slightly between each of the treatments described.
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Section One

In this section we would like you to say how good or bad you think each scenario is. To help you
measure this, there is a line (like a thermometer) which runs from the best health state you can
imagine (marked at 100) to the worst health state you can imagine (marked at 0).

For each scenario, please mark the letter on whichever point on the scale indicates how good or bad
the scenario would be if you had to be in that health state for the next 10 years.

We will run through an example using your own general health to familiarise you with the scale first.
You will then be asked to decide how each scenario impacts upon five different areas of health:
mobility, self-care, usual activities, pain/discomfort and anxiety/depression. For each scenario (A-G),

tick one box under each of the headings that describes how severely each scenario impacts upon
each of the areas of health.
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Example
We would like to know how good or bad your general health is TODAY.
The scale is numbered from 0 to 100.

100 means the best health you can imagine.
0 means the worst health you can imagine.

Please mark an X on the scale to indicate how your general health is today.

Please write down the number you marked on the scale on the dotted line
below.

YOUR HEALTH TODAY = ............
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The best health

you can imagine

|I'III|IIII|IIII|II1I|IILI]IIII HII]IIII|IIII|IIII|IIII|IIII|IIII|IIII|JIII IIII|II[I[IIII|IIII[IIII|

|[I1[|1HI|II[I|[I1[II1[I]IHI Ii[l|[||1|I1fl|[H[|1II1|II1[|1[II|III[|1[II III[|1IH[I][I‘II]][II[I|

The worst health

you can imagine

100

95

90

85

80

75

70

65

60

99

50

45

40

35

30

25

20

19

10



Question 1

Please read each of the scenarios provided. We would like to know how good
or bad you think each scenario is.

The scale is numbered from 0 to 100.

100 means the best health you can imagine.
0 means the worst health you can imagine.

Please mark a letter on the scale for each scenario to show how good or
bad you think it is compared to the best (100) or worst (0) imaginable
health possible.

Write the corresponding number for each scenario on the dotted line
below.
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The best health

you can imagine

|I'III|IIII|IIII|II]I|IIII|IIII HIIII!II|IIII|IIII|IIII|IIII|IIII|IIII|JIII |||||||1|[|||||||||I|||||

|[I1[|1HI|II[I][I][II1fI]IfII IiII|[i|1|I1fl|[H[|1II1|II1[|1[II|III[|1[II III[|1I[][I][Illl]][li[l|

The worst health

you can imagine

100

95

90

85

80

75

70

65

60

99

50

45

40

35

30

25

20

15
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Under each heading, tick ONE box that best describes the severity for each scenario (A-G).

MOBILITY ABCDEFG
| have no problems in walking about QOooOoooao
| have slight problems in walking about QOooOoooao
| have moderate problems in walking about Qooooaoao
| have severe problems in walking about ooooooaao
| am unable to walk about OQO0Q0QOoaoaao
SELF-CARE

| have no problems washing or dressing myself Qooooooao
| have slight problems washing or dressing myself Qooooooo
| have moderate problems washing or dressing myself oooaooo
| have severe problems washing or dressing myself ooooooo
| am unable to wash or dress myself QO0oO0Qooao
USUAL ACTIVITIES (e.g. work, study, housework, family

or leisure activities)

| have no problems doing my usual activities QooQooaooao
| have slight problems doing my usual activities Qooooooao
| have moderate problems doing my usual activities ooooooo
| have severe problems doing my usual activities ooooooo
| am unable to do my usual activities QQooOQooaao
PAIN / DISCOMFORT

| have no pain or discomfort Qoo
| have slight pain or discomfort QO0QOQoooa
| have moderate pain or discomfort Q0o0Qooao
| have severe pain or discomfort Qoooaoooa
| have extreme pain or discomfort Qoooaoooa
ANXIETY / DEPRESSION

| am not anxious or depressed OQoQOQoooaa
| am slightly anxious or depressed QOQQoooa
| am moderately anxious or depressed QOQQoooa
| am severely anxious or depressed Qoooaoooa
| am extremely anxious or depressed Q0O0Qooao
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Section Two

In this section, you will be asked to choose between two imaginary options using the scenarios from
section one. The choices are labelled Option 1 and Option 2. Note that the scenarios in Option 2 are
different in every question.

You will be asked to choose between two imaginary options. For Option 1, we would like you to
imagine there is an imaginary treatment that could restore you to perfect health for the next 10
years but at a risk of death. For Option 2, we would like you to imagine that you will live in the

health state described on the card for the next 10 years and then you will die.

We would like you to consider which of the options you would prefer: the gamble in Option 1 or
certainty of Option 2?

Your interviewer will explain how the next section of the interview will run. They will work through
an example so that you are familiar with the task and chance board before going through each of the
scenarios with you.

SHOWCARD ? Answer 1 or2?

SHOWCARD ? Answer 1lor?2?

SHOWCARD ? Answer 1 or2?

SHOWCARD ? Answer 1 or2?

SHOWCARD ? Answer 1lor?2?

SHOWCARD ? Answer 1 or2?

SHOWCARD ? Answer 1lor?2?

SHOWCARD ? Answer 1 or2?
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Section Three

In this section, we would like you to answer a few questions about yourself. This is so that we can try
to understand the different choices women might make when we analyse the results.

1. Whatis your current age? ................... years old

2. What is the main language you speak at home? (Please tick one box only)

o English O Arabic o Cantonese
O Greek O Italian 0 Mandarin
o Vietnamese O Prefer not to say 0 Other (please spPecify) ....ccevevvvveieerecceeeene

3. What is your ethnic background? (That is, the group or groups with whom you share a common heritage.)

O Australian O South East Asian o North American

o Aboriginal O British o Central American

o Torres Strait Islander O lrish o Southern American

o New Zealander o Northern European O Hispanic

o Maori 0 Western European O Other: e,
o Pacific Islander 0 Southern European

o North East Asian o Middle Eastern/North African

o Southern Asian 0 Sub-Saharan African

4. What gender do you identify with? (Please tick one box only)
o Female O Male o Other O Prefer not to say

5. What is your highest level of education? (Please tick one box only)
o No formal education o Primary school o Secondary school
o Certificate or diploma o0 Undergraduate degree O Postgraduate degree
o Prefer not to say

6. Which of the following best describes your main activity? (Please tick one box only)
In full or part-time employment or self-employment

Seeking work

Retired

Student

Carer/volunteer

Other (please SPECify) ....ccocvceierieece e

OO0 0o0ogaod

7. How would you define your relationship status? (Please tick one box only)

o Notin a relationship O Married or in a steady relationship (de facto)
O Separated o Divorced
o Widowed O Prefer not to say

8. What is your total yearly household income? (Please tick one box only)

o $1-57,799 per year 0 $41,600 - $51,999 per year
o $7,800 - $15,599 per year 0 $52,000 - $64,999 per year
o $15,600 - $20,799 per year 0 $65,000 - $77,999 per year
o $20,800 - $25,999 per year 0 $78,000- $90,999 per year
o $26,000 - $33,799 per year 0 $91,000 per year or higher
o $33,800 - $41,599 per year O Prefer not to say

9. Have you ever been invited to attend the breast cancer screening programme?
o Yes
o No
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10.

11.

12,

13.

14.

15.

16.

17.

18.

If you have been invited to breast screening, did you attend your screening mammogram?
o Yes

o No

o N/A

Have you ever had a breast biopsy? (A biopsy is when breast tissue is taken to look under the microscope)
o Yes
o No

Which of the following statements describes you best? (Tick all that apply)

o | have been diagnosed with ductal cancer in-situ (DCIS) or lobular cancer in-situ (LCIS) (both non-
invasive)

o | have been diagnosed with early stage breast cancer (where the breast cancer is contained within
your breast and/or lymph nodes)

o | have been diagnosed with metastatic breast cancer (breast cancer that has spread beyond the

breast tissue and lymph nodes to distant parts of the body)

I am a family member/friend of someone diagnosed with breast cancer

I am a health professional who works with patients who have breast cancer

O o0 oo

Prefer not to say

If you have had breast cancer, how long has it been since you were first diagnosed?
(Please tick one box only)

o Otolyear 0> 1yearto 2 years O > 2 years to 3 years
o >3yearsto4years O >4 years to 9 years 0 10 years +
o Prefer not to say o N/A

If you have had breast cancer, which of the following treatments did you receive? (tick all that apply)
O Breast conserving surgery (lumpectomy) 0 Mastectomy (whole breast removed)

o Sentinel lymph node surgery O Axillary clearance

O Radiotherapy o0 Chemotherapy

O Hormone tablets (e.g. Tamoxifen) O Other: e
0 None of the above

To what extent are you concerned about your own risk of breast cancer? (Please tick one box only)
I don’t worry about breast cancer at all

| worry about breast cancer a little

| worry about breast cancer some of the time

| worry about breast cancer a lot

| always worry about breast cancer

Unsure

[ O o R 6 R 6 B |

How many babies have you given birth to, if any?

weeeenneenns NUMDber of babies

Which statement best describes your smoking status?
o Current smoker o0 Ex-smoker o Never smoked

In the last 12 months, how often have you had an alcoholic drink of any kind?

o Every day 0O 5-6 days per week o 3-4 days per week
o 1-2 days per week 0 2-3 days per month o0 About 1 day per month
O Less often 0 1 do not drink
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19.

20.

How easy or difficult did you find making choices in section two today? (Please tick one box only)

o Very easy O Easy O Neither easy nor difficult
o Difficult o Very difficult

Would you consider active monitoring (yearly mammograms) if you had a new diagnosis of low risk
breast disease?

o Yes

o No

o Unsure

. Is there anything else you would like to add regarding the questions we have asked you?

The questionnaire has been completed!

Thank you for your time.

For any further information or queries, please contact:

Hannah Bromley (Doctoral research student)
Melbourne School of Population and Global Health, 207 Bouverie Street, University of Melbourne,
Parkville, VIC 3053.

Email:
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Please tick the box if you would like to take part in more research relating to this project o

If you wish to receive a copy of the results, please provide your email address in the space below:
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Plain Language Statement
Main study

. . 7 F  THE UNIVERSITY OF
Faculty of Medical, Dental and Health Sciences g?{{;ﬁﬁ%‘,ﬁm MELBOURNE

Valuing the benefits and risks associated with
treating low risk breast conditions

Primary Researcher: Dr Hannah Bromley (Doctoral research student)
Email

Supervisory researchers:

Dr C Nickson, (University of Melbourne), Prof B Mann (Victorian Comprehensive Cancer
Centre), Associate/Prof D Petrie (Monash University) Prof D Rea (University of
Birmingham), Prof T Roberts, (University of Birmingham)

Email: cnickson@unimelb.edu.au

Introduction

You are invited to participate in this PhD student research project which aims to investigate how women
value the different treatments for low risk breast conditions. This is because you have either been
referred through the Breast Cancer Network Australia or because you have responded to an
advertisement. This plain language summary tells you about the research project. It explains what it is
involved to help you to decide if you want to take part.

Please take the time to read this information carefully. You may ask questions about anything you don’t
understand or want to know more about. Before deciding whether to take part, you might want to talk it
through with a relative, friend or your local health worker. You will be given a copy of this plain language
summary to keep.

Your participation is this research voluntary. If you don’t wish to take part, you don’t have to. If you begin
participating, you can also stop at any time without needing to give a reason.

What is the purpose of this research project?

The reason this project is being undertaken is that we want to know more about how women value the
benefits and risks associated with breast screening programs. In particular, we are interested in seeing
how women make choices between the different treatments for low risk breast conditions that have been
picked up by routine screening mammograms (x-rays of the breast).

This is because many women do not know about the range of treatments available for low risk breast
conditions. We want to help women make better informed choices by exploring how they think the
imaginary treatment of a breast cancer might impact upon their quality of life.

We will measure your preferences by asking you to choose between imaginary scenarios relating to
treatments for low risk pre-cancers (sometimes referred to as low risk ‘ductal carcinoma in situ’ or
‘DCIS’). These scenarios might describe having surgery (where either the affected part or the entire
breast is removed), radiotherapy or monitoring of the abnormal area with a yearly mammogram.
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Why is this research important?

It is not known how women would feel about monitoring low risk breast cancers compared to undergoing
invasive surgery. We expect different women will think differently about the type of treatment they
would prefer.

We are keen to know your individual view so that we can better plan breast treatment services and
reduce the harm of unnecessary harmful treatments for DCIS. By finding out how women prefer to
manage screen detected breast cancers, the research findings may be used to justify changes to the way
low risk cancers are screened and treated.

What will I be asked to do?

You will be invited to attend a face-to-face interview with the research student at the University of
Melbourne or a convenient local venue. For those unable to travel the interview may arranged via video-
communication software such as Skype. During the interview, you will be asked to complete a short
questionnaire asking about your preferences for a number of different treatments for DCIS. The
questionnaire will take around 60 minutes to complete and you will have the opportunity to ask the
research student any questions at any time during the interview. The questionnaire will have been tested
by doctors, patients and women at the University of Melbourne beforehand to make sure the questions
are easy enough to understand and answer.

At the interview we will remind you about the details of the project and ask you to sign consent form
stating that you are happy to take part. You will then be asked to read through a set of imaginary
scenarios to help value the different treatments for DCIS and to answer some basic questions about
yourself. We may also ask a small group of women if they would be happy to audio-record their interview,
to help us with the analysis. These women will be encouraged to “think out aloud” and describe their
feelings about the treatments as they complete the questionnaire, so that we can try to understand how
different women might feel about choosing between the different choices available.

The questionnaire is split into three sections:

1) Arating scale and domains of health exercise

You will be asked to rate each of the treatments on a scale from 0 to 100. You will then be asked to think
about how each of the treatments might affect different aspects of your health (mobility, self-care, usual
activities, pain and mood).

2) A gambling exercise
We will ask you to choose between different treatments by varying the benefits and risks in each of the
descriptions, one at a time.

3) Afew questions about yourself
Finally, we will ask you a few questions about yourself, simply to help with the analysis.

* Introduction to the questionnaire

* Rating scale and domains of health exercise

* Gamble exercise

* A few basic questions about yourself to help the analysis
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What are the possible benefits?

This is your opportunity to share your views with breast cancer researchers. We think it is important that
women’s preferences for treatments are included in the decision making process when it comes to
planning breast cancer services. Although there may be no clear immediate benefits to you from your
participation, we hope that the results of this project can be used to improve local breast cancer services
in Victoria in the future by contributing to the literature. The values obtained from this study will be used
to inform an economic evaluation of breast cancer screening and treatment and may be used to justify
changes to the way breast cancer resources are allocated in Australia.

Your responses will be used to inform a PhD thesis at the University of Melbourne. The results may be
presented at scientific conferences, to policy makers at local breast cancer meetings or the public through
the media (e.g. in newspaper articles). The main findings may also be published in scientific journals.

What are the possible risks?

Sometimes talking about cancer can be a sensitive or upsetting topic. We will not ask you to talk about
your own experiences and you will be free to withdraw from the study at any time, without needing to
give a reason. We can direct you to breast cancer support services if you have any further concerns or

questions about breast cancer screening or treatment services in the area.

Some of the interviews may be audio-recorded, with your permission, and then typed up to ensure that
we record your comments accurately. We will remove any personal details from the transcript and use a
pseudonym to refer to you in any published material to keep everything anonymous. Due to the small size
of the sample, there is a small chance that participants may be identifiable in published material, despite
using pseudonyms in the write up of the results. The information collected in the questionnaire is also
anonymised, grouped and presented as averages so that no personal information is published.

Do I have to take part?

No. Participation is completely voluntary. If you don’t wish to take part, you don’t have to do so. If you do
decide to take part and later change your mind, you are free to withdraw (quit) at any time. If you decide
to leave the project, the researchers would like to keep the information about you that has been collected.
This is to help them make sure that the results of the research can be measured properly. If you don’t
want them to do this, you must tell them before you withdraw from the study. Your decision whether to
take part or not, or to take part and then withdraw, will not affect your relationship with the researchers.

Will I hear about the results of this project?

A plain language summary of the general findings of this research project will be made available to all
participants via email or post, if they have provided consent to receive any further communication from
the research team. Please leave your contact details if you are interested in hearing about the results of
the project. It is expected that the results will be made available following the completion of the PhD
thesis and publication of the results in scientific journals in late 2018.

What will happen to information about me?

A summary of the Review and Survey group demographics will be provided by the BCNA. All information
will be kept entirely confidential. We will not be publishing any personal details and data will be stored
securely on password protected servers or under lock-and-key at the University of Melbourne.

All information collected in the questionnaire is anonymised. The results from the questionnaire will be
grouped and presented as averages so that no personal information is published. Any data collected in
the interview or questionnaire will be destroyed after five years following publication as per University of
Melbourne data management and ethics guidelines.
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In accordance with the relevant Australian and/or Victorian privacy and other relevant laws, you have the
right to access the information collected and stored by the researchers about you. Please contact one of
the researchers if you would like to access your information.

Who is funding this project?

The study is funded as part of a joint PhD programme between the Universities of Melbourne (Australia)
and Birmingham (UK) to try and improve breast cancer screening and treatment services worldwide. The
PhD student is supervised by a team of experienced doctors and University of Melbourne researchers to
make sure the research is of the highest quality.

Where can I get further information?
If you would like more information about the project, please contact the researchers;
Hannah Bromley (doctoral research student),

Email J I Viclbourne School of Population & Global Health, University

of Melbourne, 207 Bouverie Street, Parkville, Melbourne, VIC 3053.

Who can I contact if I have any concerns about the project?

This research project has been approved by the Human Research Ethics Committee of The University of
Melbourne. If you have any concerns or complaints about the conduct of this research project, which you
do not wish to discuss with the research team, you should contact the Manager, Human Research Ethics,
Research Ethics and Integrity, University of Melbourne, VIC 3010. Tel: +61 3 8344 2073 or Email:
HumanEthics-complaints@unimelb.edu.au. All complaints will be treated confidentially. In any
correspondence please provide the name of the research team or the name or ethics ID number of the
research project.

Where can I get more information if I have questions about breast cancer?

There are some excellent resources available if you have any further questions or concerns relating to
breast cancer or screening services as a result of participating in this project:

Breast Cancer Network Australia:

An excellent resource talking more about breast screening, breast cancer and women’s health and well-
being. Website: https://www.bcna.org.au. Telephone: 1800 789 209

Breast Screen Victoria
A resource specifically listing the benefits and risks associated with breast screening programs. The team
are happy to provide advice about local breast screening services. Website:

https://www.breastscreen.org.au Telephone: 13 20 50.

Lifepool
A source of information about your participation in the Lifepool cohort. Website:

http://www.lifepool.org/ Telephone: 1800 198 082.

Cancer Council Victoria
A resource dedicated to local cancer facilities and service in Victoria. Website:
http://www.cancervic.org.au/ Telephone: 13 11 20

The Royal Women's Hospital

A summary of the local cancer resources available in the Melbourne Metropolitan area and guidelines on
local breast cancer screening and treatment policies. Website: https://www.thewomens.org.au/patients-
visitors/clinics-and-services/womens-cancers/breast-cancer/ Telephone: 03 8345 3561.
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Consent Form for the Main Study

A joint research project between the University of Melbourne

(Australia) and University of Birmingham (UK) School of Medical, MELBOURNE
Dental and Health Sciences UNIVERSITYC®

Title: Valuing the benefits and risks associated with treating low risk
breast conditions

Primary Researcher: Hannah Bromley (Doctoral research student)

Supervisory researchers:

Dr C Nickson, (University of Melbourne), Prof B Mann (Victorian Comprehensive Cancer
Centre), Associate/Prof D Petrie (Monash University) Prof D Rea (University of
Birmingham), Prof T Roberts, (University of Birmingham)

Email: cnickson@unimelb.edu.au

This consent form relates to the participation in a PhD student project valuing different
types of treatment for low risk breast conditions. It involves a short interview and a
questionnaire to determine your preferences for the different treatments described.

Please read the form and if you are happy to proceed, fill in your details at the bottom of
the form.

1. Iconsent to participate in this project, the details of which have been explained
to me, and I have been provided with a written plain language statement to keep.

2. Tacknowledge that the possible effects of participating in this research project
have been explained to my satisfaction.

3. Tunderstand that my participation is voluntary and that [ am free to withdraw
from this project anytime without explanation or prejudice and to withdraw any
unprocessed data that [ have provided.

4. Tunderstand that the information provided will be used for research only and
that I will not be identified in any way in the analysis and reporting of results.

5. T'have been informed that the confidentiality of the information I provide will be
safeguarded subject to any legal requirements and any data collected will be
stored as per University of Melbourne guidelines.

6. lunderstand what is involved and agree to take part in the study.

Name of Participant:

Participant Signature: Date:
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APPENDIX 5: Probability wheel and chance board from the empirical study

0PT|0N 1 90 |% CHANCE 10 (% CHANCE
90 (in a 100 women in a 100 women

Perfect health

OPTION 2

100 | % CHANCE

100 | in a 100 women
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APPENDIX 6: Standard gamble scoring sheet

Record sheet for the Standard Gamble:

DaAte: ciiiiece e

Participant ID: ....c.oeeeevervveicnece s

1. Time at start of SG: ...........h

2. Time at end of SG: .............h

3. Time taken to complete the SG: .............. minutes

Did the respondent understand the exercise the first time? Y/N

Health state 1

Better than Death:

0O 10 20 30 40 50 60 70 80 90 100
| | | | | | | | | [
[ I I I I I I I I I

Worse than Death VALUE: +/- Dj Dj

0 10 20 30 40 50 60 70 8 90 100
y

S e B B B B B R

Record verbatim response:

Health state 2

Better than Death:

0O 10 20 30 40 50 60 70 80 90 100
| | | | | | | | | [
r I I o I I | I I

Worse than Death VALUE: +/- Dj Dj

0 10 20 30 40 50 60 70 8 90 100
y

[ A I
1t

Record verbatim response:

Health state 3

Better than Death:

0O 10 20 30 40 50 60 70 80 90 100
| | | | | | | | | [
1 I I I I I I I I I

Worse than Death VALUE: +/- Dj Dj

0 10 20 30 40 50 60 70 80 90 100
JI

| | | | | | | | | |
o I I ] I I | I

Record verbatim response:
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Health state 5

Better than Death:

0 10 20 30 40 50 60 70 80 90 100
| | | | | | | | | [
[ I I I I I I | I |

Worse than Death VALUE: +/- Dj Dj

Health state 6

Better than Death:

0O 10 20 30 40 50 60 70 80 90 100
I | | | | | | | | [
r I I I I I I | I I

Worse than Death VALUE: +/- Dj Dj

Health state 7

Better than Death:

0O 10 20 30 40 50 60 70 80 90 100
| | | | | | | | | [
[ I I I I I I I I I

Worse than Death VALUE: +/- Dj Dj
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Health state 8

Better than Death:

0 10 20 30 40 50 60 70 8 90 100
y

[ I R
1t

Worse than Death VALUE: +/- Dj Dj

Health state (SPARE)

Better than Death:

0O 10 20 30 40 50 60 70 80 90 100
| | | | | | | | | [
[ I I I I I I I I I

Worse than Death VALUE: +/- Dj Dj
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APPENDIX 7: Ethical approval for the empirical study

04 December 2017

MEEBOURNF

Dr Carolyn Nickson

Centre for Molecular, Environmental, Genetic and Analytic Epidemiology
Melbourne School of Population and Global Health

The University of Melbourne

Dear Dr Nickson
I 'am pleased to advise that the Health Sciences Human Ethics Sub-Committee approved the following Project:

Project title: Identifying and quantifying the benefits and harms associated with treating
ductal carcinoma in situ (DCIS) for use in the economic evaluation of breast
screening programmes

Researchers: Prof D Rea, Prof T Roberts, Dr C A Nickson, Professor B Mann, A/Prof D Petrie, H
Bromley

Ethics ID: 1750252

The Project has been approved for the period: 04-Dec-2017 to 31-Dec-2018

Research projects are normally approved to 31 December of the year of approval. Projects may be renewed
yearly for up to a total of five years upon receipt of a satisfactory annual report. If a project is to continue
beyond five years a new application will normally need to be submitted.

(a) Limit of Approval: Approval is limited strictly to the research as submitted in your Project application.

(b) Variation to Project: Any subsequent variations or modifications you might wish to make to the Project
must be notified formally to the Human Ethics Sub-Committee for further consideration and approval. If the
Sub-Committee considers that the proposed changes are significant, you may be required to submit a new
application for approval of the revised Project.

(c) Incidents or adverse effects: Researchers must report immediately to the Sub-Committee anything
which might affect the ethical acceptance of the protacol including adverse effects on participants or unforeseen

events that might affect continued ethical acceptability of the Project. Failure to do so may result in suspension
or cancellation of approval.

(d) Monitoring: All projects are subject to monitoring at any time by the Human Research Ethics Committee.
(e) Annual Report: Please be aware that the Human Research Ethics Committee requires that researchers

submit an annual report on each of their projects at the end of the year, or at the conclusion of a project if it
continues for less than this time. Failure to submit an annual report will mean that ethics approval will lapse.
(f) Auditing: All projects may be subject to audit by members of the Sub-Committee.

If you have any queries on these matters, or require additional information, please contact me using the details
below.

Please quote the ethics registration number and the title of the Project in any future correspondence.

On behalf of the Sub-Committee I wish you well in your research.

Ms Hifary Young|- Secretary
Health Sciences NESC
Phone: 03 8344 8595, Email: hilary.young@unimelb.edu.au

RESEARCH, INNOVATION & COMMERCIALISATION
Incorporating Uol Commercial Ltd and the School of Melbourne Custom Programs

The University of Melbourne, Victoria 3010, Australia
T: +61 38344 1639 (external) T: 40777 (internal) W: unimelb.edu.au/research unimelb.eduau
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Date...... 2018

Thank you for being part of the Lifepool study. You might remember that when you joined Lifepool
we let you know that you may be asked to participate in Lifepool research again in the future. We
also let you know that it is completely up to you to decide if you would like to take part in any new
studies. Today | am writing to invite you to take part in a study looking at the different treatment
choices for low risk breast cancers picked up by screening. The aim of the research is to help women
make better informed choices in the future by finding out how different treatments might impact
upon quality of life.

This research is being conducted by Dr Hannah Bromley who is a medical doctor from Birmingham
UK and currently undertaking her PhD studies at the University of Melbourne. You can read more
about this research by clicking here: [insert online link to PLS]

Being involved will mean either coming to the University of Melbourne in Parkville for an interview
lasting approximately 1 hour, or another venue more convenient to you. During the interview you
will be asked to fill in a questionnaire.

This study forms part of Dr Bromley’s work towards learning more about how women value and
balance the benefits and risks associated with breast cancer screening. In particular, the research
team are interested in how women choose between the different treatments for low risk breast
disease identified by breast screening.

This session should take about 1 hour of your time. Refreshments will be provided.

Please respond to myself or Dr Hannah Bromley at || N i Vou are

interested in participating.

If you are not interested, you can ignore this invitation. You do not have to participate in this study
to remain in Lifepool.

Please feel free to contact myself or Dr Bromley if you have any queries about this.
With very best wishes and thanks again for your support of Lifepool,

Lisa Devereux
Lifepool Manager

Lisa.Devereux@petermac.org
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Want to improve breast cancer services? Have your say!

Breast
Dear Review & Survey Group Member Cancer

Network

Australia

Researchers at the University of Melbourne and Birmingham are inviting you to participate in

a study looking different treatment choices for low risk ductal carcinoma in situ (DCIS).
Please note: You do NOT have to have had a diagnosis of DCIS to participate in the research study.

Who can take part?

You can participate in this study if you:

e Are over the age of 18 years
e Are comfortable reading and writing in English
e Have OR have not been diagnosed with breast cancer (the research team is interested in seeing what

people diagnosed with breast cancer and people who have never had a breast cancer diagnosis think).

What does the study involve?
The researchers are inviting you to attend a short interview at the University of Melbourne or a convenient

local venue. The session should take no more than 60 minutes and refreshments will be provided.

During the interview, you will be asked to fill in a questionnaire describing a number of imaginary scenarios
relating to possible treatments for DCIS, such as surgery, radiotherapy or active monitoring (e.g. having regular
scans, such as yearly mammograms). For each if the imaginary scenarios, the researchers will ask how you

might decide what treatment(s) to have.

The aim of the research is to help women make better informed choices about treating DCIS in the future by

exploring how different treatments might impact upon quality of life.

How do | find out more about the project?
If you would like to participate or would like more information about the project, please contact Hannah

Bromley (Doctoral Research student) at the University of Melbourne by

emailing [

For more information, please also read the Participant Information Statement.

Thanks very much for taking the time to consider this opportunity.

Warm regards,

Lisa Morstyn
Policy Officer
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APPENDIX 8: Pairwise correlations for the VAS, SG and EQ-5D-5L

Visual analogue scale:

A B C D E F G
BCS alone BCS & radio Mastectomy AM (40%) AM (20%) AM (10%) Progressed
Health state Correlation P  Correlation P Correlation P = Correlation P  Correlation P  Correlation P = Correlation P
A: BCS alone
Patients 1.000
Nonpatients 1.000
B: BCS & radiotherapy
Patients 0.537 .000 1.000
Nonpatients 0.883 .000 1.000
C: Mastectomy +/- recon.
Patients 0.201 .052 0.371 .000 1.000
Nonpatients 0.754 .000 0.795 .000 1.000
D: AM (40%)
Patients 0.219 .035 0.180 .082 0.089 .392 1.000
Nonpatients 0.358 .001 0.245 .031 0.289 .010 1.000
E: AM (20%)
Patients 0.222 .032 0.145 .162 0.062 .556 0.970 .000 1.000
Nonpatients 0.285 .011 0.155 .177 0.173 .131 0.927 .000 1.000
F: AM (10%)
Patients 0.259 .016 0.200 .053 -0.036 .719 0.886 .000 0.932 .000 1.000
Nonpatients 0.243 .032 0.085 .458 0.133 .243 0.856 .000 0.945 .000 1.000
G: Progressed disease
Patients 0.310 .002 0.570 .000 0.260 .011 0.364 .000 0.389 .000 0.335 .001 1.000
Nonpatients 0.479 .000 0.536 .000 0.494 .000 0.329 .003 0.219 .055 0.202 .076 1.000

Abbreviations: AM: active monitoring, BCS: breast conserving surgery, P: P value, Radio: radiotherapy, Recon: reconstruction |
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Standard gamble:

A B C D E F G
BCS alone BCS & radio Mastectomy AM (40%) AM (20%) AM (10%) Progressed
Health state Correlation P  Correlation P Correlation P  Correlation P  Correlation P  Correlation P = Correlation P
A: BCS alone
Patients 1.000
Nonpatients 1.000
B: BCS & radiotherapy
Patients 0.928 .000 1.000
Nonpatients 0.874 .000 1.000
C: Mastectomy +/- recon.
Patients 0.777 .000 0.817 .000 1.000
Nonpatients 0.721 .000 0.794 .000 1.000
D: AM (40%)
Patients 0.475 .000 0.477 .000 0.551 .000 1.000
Nonpatients 0.341 .002 0.289 .010 0.225 .048 1.000
E: AM (20%)
Patients 0.472 .000 0.470 .000 0.554 .000 0.957 .000 1.000
Nonpatients 0.307 .006 0.194 .088 0.175 .126 0.911 .000 1.000
F: AM (10%)
Patients 0.429 .000 0.433 .000 0.499 .000 0.927 .000 0.981 .000 1.000
Nonpatients 0.273 .016 0.164 .153 0.178 .121 0.811 .000 0.923 .000 1.000
G: Progressed disease
Patients 0.670 .000 0.680 .000 0.722 .000 0.688 .000 0.693 .000 0.656 .000 1.000
Nonpatients 0.506 .000 0.492 .000 0.467 .000 0.354 .002 0.334 .003 0.299 .008 1.000

Abbreviations: AM: active monitoring, BCS: breast conserving surgery, P: P value, Radio: radiotherapy, Recon: reconstruction
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EQ-5D-5L:

A B C D E F G
BCS alone BCS & radio Mastectomy AM (40%) AM (20%) AM (10%) Progressed
Health state Correlation P  Correlation P Correlation P  Correlation P  Correlation P  Correlation P = Correlation P
A: BCS alone
Patients 1.000
Nonpatients 1.000
B: BCS & radiotherapy
Patients 0.361 .000 1.000
Nonpatients 0.063 .584 1.000
C: Mastectomy +/- recon.
Patients 0.246 .017 0.564 .000 1.000
Nonpatients -0.020 .861 0.712 .000 1.000
D: AM (40%)
Patients 0.140 .179 0.468 .000 0.338 .001 1.000
Nonpatients 0.318 .005 0.312 .005 0.213 .061 1.000
E: AM (20%)
Patients 0.196 .058 0.435 .000 0.347 .001 0.885 .000 1.000
Nonpatients 0.199 .081 0.280 .013 0.318 .005 0.893 .000 1.000
F: AM (10%)
Patients 0.232 .025 0.433 .000 0.299 .003 0.772 .000 0.860 .000 1.000
Nonpatients 0.209 .067 0.217 .056 0.312 .005 0.763 .000 0.885 .000 1.000
G: Progressed disease
Patients 0.305 .003 0.570 .000 0.703 .000 0.449 .000 0.487 .000 0.437 .000 1.000
Nonpatients 0.146 .204 0.594 .000 0.449 .000 0.322 .004 0.346 .001 0.424 .000 1.000

Abbreviations: AM: active monitoring, BCS: breast conserving surgery, P: P value, Radio: radiotherapy, Recon: reconstruction
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APPENDIX 9: Search strategy for the systematic review of economic evaluations for
DCIS treatment

MEDLINE

1. Carcinoma, Intraductal, Noninfiltrating/

. DCIS.ti,ab.

. ductal carcinoma in situ.ti,ab.

. (breast cancer adj3 situ).tw.

. carcinoma in situ.tw. and breast neoplasm/
. (intraductal carcinoma$ and breast).mp.
.lor2or3ord4orSor6

. economics/

O© 0 9 O W K~ W

. value of life/

10. exp "costs and cost analysis"/

11. exp economics, hospital/

12. exp economics, medical/

13. economics, nursing/

14. economics, pharmaceutical/

15. exp "fees and charges"/

16. exp budgets/

17. budget*.ti,ab.

18. cost*.ti.ab

19. (economic* or pharmaco?economic*).ti,ab.

20. (price* or pricing*).ti,ab.

21. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat™ or variable*)).ti,ab.
22. (financ* or fee or fees).ti,ab.

23. (value adj2 (money or monetary)).ti,ab.

24.80or9or10or 1l or12or13 or14or 15o0r 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23
25.7 and 24

26. limit 25 to (english language and humans)

EMBASE

1. DCIS.ti,ab.

2. ductal carcinoma in situ.ti,ab.
3. (breast cancer adj3 situ).tw.

4. carcinoma in situ.tw. and breast neoplasm/
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5. (intraductal carcinoma$ and breast).mp.

6. intraductal carcinoma/

7.1lor2or3or4or5or6

8. health economics/

9. exp economic evaluation/

10. exp health care cost/

11. exp fee/

12. budget/

13. funding/

14. budget*.ti,ab.

15. cost*.ti.

16. (economic* or pharmaco?economic*).ti.

17. (price* or pricing*).ti,ab.

18. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ti,ab.
19. (financ* or fee or fees).ti,ab.

20. (value adj2 (money or monetary)).ti,ab.
21.80r9or10or1lor12or13orl4or15orl6or17or 18 or 19 or 20
22.7 and 21

23. limit 22 to (abstracts and english language)

Psycinfo

1. DCIS.ti,ab.

2. ductal carcinoma in situ.ti,ab.

3. (breast cancer adj3 situ).tw.

4. carcinoma in situ.tw. and breast neoplasm/
5. (intraductal carcinoma$ and breast).mp.
6. breast neoplasms/ and in situ.tw.
7.1or2or3or4or5or6

8. health economics/

9. exp economic evaluation/

10. exp health care cost/

11. exp fee/

12. budget/

13. funding/

14. budget*.ti,ab.

15. cost*.ti.

16. (economic* or pharmaco?economic*).ti.
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17. (price* or pricing*).ti,ab.

18. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ti,ab.
19. (financ* or fee or fees).ti,ab.

20. (value adj2 (money or monetary)).ti,ab.

21.80r9or10or1lor12or13 or14or150r160or 17 or 18 or 19 or 20

22.7 and 21

23. limit 22 to (abstracts and english language)

EconLit
S13 S11 AND S12

S12 S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10
S11 S1OR S2 OR S3

S10 AB cost per QALY

S9  AB cost benefit analysis or cost consequence analysis or cost consequence analysis
S8  AB economic model

S7  cost effectiveness analysis

S6  cost utility analysis

S5 cost effectiveness

S4  economic evaluation

S3  breast cancer AND in situ

S2  ductal carcinoma in situ

S1  DCIS

CINAHL
S13 S11 AND S12

S12 S5 OR S6 OR S7 OR S8 OR S9 OR S10
S11 S1OR S2OR S3 OR S4

S10 AB economic model

S9  TI economic model

S8 AB cost per QALY

S7 AB cost utility analysis or cost effectiveness analysis or cost minimisation analysis or cost consequence
analysis or cost benefit analysis

S6 AB economic evaluation

S5 (MH "Economics+")

S4  "breast cancer AND in situ"

S3  AB ductal carcinoma in situ

S2  "DCIS"

S1 (MH "Carcinoma, Ductal, Breast")
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APPENDIX 10: Quality appraisal checklists for the economic evaluations in the

systematic review

Raldow
(2016)

Suh
(2005)

Trentham-
Dietz

Study design

(2018)
v

Research question is stated

Economic relevance of research question is stated

The viewpoint(s) of the analysis is clearly stated and justified

Rationale for the choice of the alternatives compared is reported

Alternatives being compared are clearly described

AN ANENENENEN

Type of economic evaluation is stated

Z
@)

Choice of type of economic evaluation is justified

Data collection

Source(s) of effectiveness estimates is stated

Details of the design and results of the effectiveness study are given

Details of the methods of synthesis or meta-analysis of estimates
given

SSEENENANFS

SSERNENEIENANENENENENENAN

S ANENENFI I ENENEIRNAN

Primary outcome measure(s) for the economic evaluation is clearly
stated

\

{\

Methods used to value health states and other benefits are stated

\

Details of the subjects from whom valuations were obtained are
given

\

Productivity changes (if included) are reported separately

Z
>

Z
>

Relevance of productivity changes to the study question is discussed

Quantities of resources are reported separately from their unit cost

Methods for the estimation of quantities and unit costs are described

Currency and price data are recorded

Were details of price adjustments for inflation or currency
conversion given

Details of any model used are given

Justification for the choice of model used and the key parameters are
stated

Analysis and interpretation of results

Time horizon of cost and benefits is stated

The discount rate is stated

N RN AN RN N I AN AN

The choice of discount rate is justified

Z
>

IR N BN N B NI BN AN I N TN B NI I N RN

An explanation is given if cost or benefits were not discounted

Z
>

Z
>

The details of statistical test(s) and confidence intervals are given for
stochastic data

The approach to sensitivity analysis is described

Choice of variables for sensitivity analysis is justified

Ranges over which the parameters were varied are stated

Relevant alternatives are compared

Incremental analysis is reported

Major outcomes are presented disaggregated as well as aggregated

The answer to the study question is given

Conclusions follow from the data reported

Conclusions are accompanied by the appropriate caveats

SYANENANENANENANENE=

SRR AR AR

S RN RN AN A N N R R T - AN P RN N RN BN ENEN P

NA - Not applicable; NC — Not clear

343




APPENDIX 11: CHEERS and Philips checklists for the reporting of economic

evaluations

CHEERS checklist:

Section/item Item Recommendation Reported
Title and abstract
Title 1 Identify the study as an economic evaluation or use more v
specific terms such as “cost-effectiveness analysis”, and (chapter title)
describe the interventions compared.
Abstract 2 Provide a structured summary of objectives, perspective, NA
setting, methods (including study design and inputs), results (thesis
(including base case and uncertainty analyses), and conclusions. chapter)
Background and 3 Provide an explicit statement of the broader context for the 4
objectives study.
Present the study question and its relevance for health policy or v
practice decisions.
Target population and 4 Describe characteristics of the base case population and v
subgroups subgroups analysed, including why they were chosen.
Setting and location 5 State relevant aspects of the system(s) in which the decision(s) 4
need(s) to be made.
Study perspective 6 Describe the perspective of the study and relate this to the costs v
being evaluated.
Comparators 7 Describe the interventions or strategies being compared and v
state why they were chosen.
Time horizon 8 State the time horizon(s) over which costs and consequences are 4
being evaluated and say why appropriate.
Discount rate 9 Report the choice of discount rate(s) used for costs and 4
outcomes and say why appropriate.
Choice of health 10 Describe what outcomes were used as the measure(s) of benefit 4
outcomes in the evaluation and their relevance for the type of analysis
performed.
Measurement of 11a Single study-based estimates: Describe fully the design features NA
effectiveness of the single effectiveness study and why the single study was a
sufficient source of clinical effectiveness data.
11b  Synthesis-based estimates: Describe fully the methods used for
identification of included studies and synthesis of clinical v
effectiveness data.
Measurement and 12 Ifapplicable, describe the population and methods used to elicit 4
valuation of preference- preferences for outcomes. (previous
based outcomes chapters)
Estimating resources and 13a  Single study-based economic evaluation: Describe approaches
costs used to estimate resource use associated with the alternative
interventions. Describe primary or secondary research methods NA
for valuing each resource item in terms of its unit cost. Describe
any adjustments made to approximate to opportunity costs.
13b  Model-based economic evaluation: Describe approaches and v
data sources used to estimate resource use associated with
model health states. Describe primary or secondary research
methods for valuing each resource item in terms of its unit cost.
Describe any adjustments made to approximate to opportunity
costs.
Currency, price date, and 14  Report the dates of the estimated resource quantities and unit v

conversion

costs. Describe methods for adjusting estimated unit costs to the
year of reported costs if necessary. Describe methods for
converting costs into a common currency base and the exchange
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Section/item

Item Recommendation

Reported

rate.

Choice of model

15

Describe and give reasons for the specific type of decision-
analytical model used. Providing a figure to show model
structure is strongly recommended.

v

Assumptions

16

Describe all structural or other assumptions underpinning the
decision-analytical model.

Analytical methods

17

Describe all analytical methods supporting the evaluation. This
could include methods for dealing with skewed, missing, or
censored data; extrapolation methods; methods for pooling data;
approaches to validate or adjustments (such as half cycle
corrections) to a model; and methods for handling population
heterogeneity and uncertainty.

Study parameters

18

Report the values, ranges, references, and, if used, probability
distributions for all parameters. Report reasons or sources for
distributions used to represent uncertainty where appropriate.
Providing a table to show the input values is strongly
recommended.

Incremental costs and

outcomes

For each intervention, report mean values for the main
categories of estimated costs and outcomes of interest, as well
as mean differences between the comparator groups. If
applicable, report incremental cost-effectiveness ratios.

Characterising
uncertainty

20a

Single study-based economic evaluation: Describe the effects of
sampling uncertainty for the estimated incremental cost and
incremental effectiveness parameters, together with the impact
of methodological assumptions (such as discount rate, study
perspective).

NA

20b

Model-based economic evaluation: Describe the effects on the
results of uncertainty for all input parameters, and uncertainty
related to the structure of the model and assumptions.

Characterising
heterogeneity

21

If applicable, report differences in costs, outcomes, or cost-
effectiveness that can be explained by variations between
subgroups of patients with different baseline characteristics or
other observed variability in effects that are not reducible by
more information.

Study findings,
limitations,
generalisability, and
current knowledge

22

Summarise key study findings and describe how they support
the conclusions reached. Discuss limitations and the
generalisability of the findings and how the findings fit with
current knowledge.

Source of funding

23

Describe how the study was funded and the role of the funder in
the identification, design, conduct, and reporting of the analysis.
Describe other non-monetary sources of support.

NA

Conflicts of interest

24

Describe any potential for conflict of interest of study
contributors in accordance with journal policy. In the absence of
a journal policy, we recommend authors comply with
International Committee of Medical Journal Editors
recommendations.

NA
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Philips checklist:

Criteria Question Response Comments

Structure

S1 Statement of decision problem/objective v Aims and purpose clearly stated

S2 Statement of scope/perspective 4 Background provided and perspective
justified (NHS system in UK)

S3 Rational for structure v Based on literature review

S4 Structural assumptions 4 Informed by review and LORIS
protocol

S5 Strategies/comparators v AM vs. standard treatment

S6 Model type v Markov (individual microsimulation)

S7 Time horizon 4 Lifelong justified. Limitations
discussed

S8 Disease states/pathways 4 Explain in detail in the methods
section

S9 Cycle length v 1 year (justified)

Data

D1 Data identification v References given

D2 Pre-model data analysis NA No trial data available yet from
LORIS

D2a Baseline data v Discussed in detail — costs,
probabilities and utilities given

D2b Treatment effects v Table 1

D2c Costs v Table 2

D2d Quality of life weights (utilities) v Table 3

D3 Data incorporation 4 All data used in the model is outlined
I the methods, including how this was
incorporated at each stage of the
model

D4 Assessment of uncertainty v One-way, deterministic and PSA

D4a Methodological 4 Input parameters changed to check
logic. Trackers used to check progress
of women moving in the model.

D4b Structural 4 Sensitivity analysis run. Structure
checked by clinicians.

D4c Heterogeneity v Model run for sub-group (by age)

D4d Parameter 4 Extensive SA performed. Limitations
(lack of DCIS transition probability
data is explicitly declared)

Consistency

C1 Internal consistency 4 Extreme values inputted to check
logic of simulation pathways

C2 External consistency X No trial data to compare against.

Assumptions comparable to other
DCIS models but limited application
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APPENDIX 12: Full TreeAge model of the economic model of the LORIS trial
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APPENDIX 13: Topic guide from the qualitative interviews

1. Introductions, overview & rules
o Welcome, introduction and thank you for giving up their time.
e Information about me, purpose of the study, confidentiality, ground rules etc.
0 Projectis looking value the benefits and harms associated with treating low risk
pre-cancer (DCIS) so women can make better informed decisions/choices about

treatment

0 Reiterate that breast screening saves lives/involves less invasive treatment
(benefits)

0 Butalso identifies low risk conditions that would never cause harm
(overdiagnosis)

0 Looking to measure women'’s preferences for managing low risk conditions
identified at screening (DCIS) to try and reduce the harms of overdiagnosis
e Emphasize confidentiality and right to withdraw. (not to share personal experiences)

2. Topics

What do women know about the benefits and harms of breast screening? Open ended
question (What do you know about...? )
i.  Ductal carcinoma in situ (DCIS)
ii.  Treatment or choices for low risk disease (surgery, radiotherapy, ‘active
monitoring)
iii. =~ Tell me about BCS vs MT vs RT vs. AM?
iv.  What factors do you think are important when women with low risk disease are
choosing treatment? How do you think they choose?
v.  Overdiagnosis or overtreatment
vi.  What are your thoughts about active monitoring?
i. How would you feel about it if it was shown to be safe and effective? (ref
prostate cancer)
vii.  How do you think women would feel if they are told they might not need the
surgery? How do you think that would affect their decision?
i. Would there be any extra impact on their QoL do you think?

Prompts:

Ductal carcinoma in situ (DCIS) What is it? How is it picked up? How is it treated? What choices
do women have? “Pre-cancer” terminology. Spectrum of disease. Good knowledge given your
experience, but what do you think about the lay person in the general population?

Treatment choices: What choices do you think women with low risk pre-cancer have? (or are
they given a choice?) How do you think they might make that choice?

What factors do you think are important for women when choosing between the different types
of treatment? Who would choose BCS/MT? Who would choose AM? Why would you choose x?

Active monitoring: Have you heard of active monitoring? Is this something you have been
informed about or you think other women are aware of? If research shows AM is safe a safe and
effective option, how do you think you would manage the abnormal cells? Do you think women
would find this acceptable? Why? What about the other treatments? If this is something that is
shown to be safe and effective, how do you think you would prefer to manage DCIS. Why would
you choose x?
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Overdiagnosis: have they ever heard of over-detection or over-treatment? What are your
thoughts/feelings? How does it make you feel about attending screening or choosing treatment?
Any thoughts after hearing the information about overdiagnosis/treatments for low risk breast
disease? How does that make you feel? Do you think they would feel worse about having
surgery or regret if they have?

How would you feel about active monitoring now you have heard more information? Why
yes/no over surgery? What factors are important when women are deciding whether to adopt
surgery or active monitoring?

3. Go through the different vignettes
Go through each question. Prompts:

What are you thinking?

Why did you choose that option?

What factor swayed your decision?

What do you think matters to women (did you find yourself concentrating on
one characteristic more than others or did you weight things up evenly?)

e Are you happy with your choice? Would you change your choice?

THEME KEY QUESTIONS (for each method) ADDITIONAL PROMPTS
Information in What do you think about the amount of Risk information
health state information provided?
description
Attributes and What factors were more important to Why? Anything missing?
health states you when deciding on a choice? Risk adversity
described
Acceptability of Feasible choice? Why (not)? What would make women
active monitoring choose surgery over AM?
(AM) Why? What would make
AM acceptable?
Risks Is overdiagnosis and overtreatment What do you think they
something you were informed about know?
when attending? How can this be conveyed
Do you think women are aware of the better?
benefits and harms of screening and Other comments?
treating low risk DCIS

4. Opportunity for questions
Any further feedback or thoughts?

5. Thanking and closing
“We would like to thank you for taking part in this discussion. Your answers will be used to develop
the descriptions and questions so they can be sent out to women all across Victoria to get an idea
of how women value screening and treatment choices for DCIS.”

6. Safety netting:

Signpost for where people can access help and further information on breast cancer screening
and treatment - this is included in the plain language summary
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APPENDIX 14: Framework analysis development

Initial coding structure (phase one)
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Revised coding structure (phase two)
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Word frequency diagram (phase three)
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APPENDIX 15: Ethical approval for the qualitative interviews

12 March 2018

Dr Carolyn Nickson
Melbourne School of Population and Global Health
The University of Melbourne

Dear Dr Nickson

Project title: Identifying and quantifying the benefits and harms associated with treating
ductal carcinoma in situ (DCIS) for use in the economic evaluation of breast

screening programmes
Researchers: Prof D Rea, Prof T Roberts, Dr C A Nickson, Professor B Mann, A/Prof D Petrie, H

Bromiey
Ethics ID: 1750252

I am pleased to advise that the amendment 1750252.2 dated 26 February 2018 to this Project has been
approved by the Medicine and Dentistry Human Ethics Sub-Committee.

Please note it is your responsibility to ensure that all people associated with the Project are made aware of the
amendment.

Yours sincere

Ms Hilary Young \
Secretary, Medicine and Dentistry HESC
Phone: 03 8344 8595, Email: hilary.young@unimelb.edu.au

RESEARCH, INNOVATION & COMMERCIALISATION

Incorporating UoM Commercial Ltd and the School of Melbourne Custom Programs
The University of Melbourne, Victoria 3010, Australia

T: +61 38344 1539 (external) T: 40777 (internal) W: unimelb.edu.au/research
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Consent Form for the Main Study (Audio-recording)

Ajoint research project between the University of Melbourne (Australia) and University of

Birmingham (UK) School of Medical, Dental and Health Sciences THE UNIVERSITY OF
MELBOURNE

Title: Valuing the benefits and risks associated with UNIVERSITYOF
=y BIRMINGHAM

treating low risk breast conditions

Primary Researcher: Hannah Bromley (Doctoral research student)

Supervisory researchers:

Dr C Nickson, (University of Melbourne), Prof B Mann (Victorian Comprehensive Cancer
Centre), Associate/Prof D Petrie (Monash University) Prof D Rea (University of
Birmingham), Prof T Roberts, (University of Birmingham)

Email: cnickson@unimelb.edu.au

This consent form relates to the participation in a PhD student project valuing different
types of treatment for low risk breast conditions. It involves a short interview (which may
be audio-recorded) and a questionnaire to determine your preferences for the different
treatments described.

Please read the form and if you are happy to proceed, fill in your details at the bottom of
the form.

1. I consent to participate in this project, the details of which have been explained to me, and I
have been provided with a written plain language statement to keep.

2. lacknowledge that the possible effects of participating in this research project have been
explained to my satisfaction.

3. lunderstand that my participation is voluntary and that [ am free to withdraw from this
project anytime without explanation or prejudice and to withdraw any unprocessed data
that [ have provided.

4. Tlacknowledge that participation will involve an interview, which may be audio-recorded.
5. Tunderstand that the information provided will be used for research only. My name will be
referred to by a pseudonym in any publications arising from the research. [ understand

that due to the small sample size, the potential may exist for me to be identified from my
comments.

6. Ihave been informed that the confidentiality of the information I provide will be
safeguarded subject to any legal requirements and any data collected will be stored as per

University of Melbourne guidelines.

7. lunderstand what is involved and agree to take part in the study.

Name of Participant:

Participant signature Date:
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APPENDIX 16: COREQ checklist for the reporting of qualitative research

i) Consolidated criteria for reporting qualitative studies (COREQ) checklist

No. Item

Guide questions/description

Reported

Domain 1: Research team

and reflexivity

Personal Characteristics

1. Interviewer/facilitator

Which author/s conducted the interview or focus

PhD researcher

group?
2. Credentials What were the researcher’s credentials? E.g. PhD, Not stated
MD
3. Occupation What was their occupation at the time of the study? Stated (PhD
student/clinician)
4. Gender Was the researcher male or female? Female

5. Experience and training

What experience or training did the researcher have?

Qualitative module

Relationship with participants

6. Relationship
established

Was a relationship established prior to study
commencement?

Prior relationship
established (utilities)

7. Participant knowledge
of the interviewer

What did the participants know about the researcher?
e.g. personal goals, reasons for doing the research

Role and purpose

8. Interviewer
characteristics

What characteristics were reported about the
interviewer/facilitator? e.g. Bias, assumptions,
reasons and interests in the research topic

Stated in reflection

Domain 2: study design

Theoretical framework

9. Methodological
orientation and theory

What methodological orientation was stated to
underpin the study? e.g. grounded theory, discourse
analysis, ethnography, phenomenology, content

Framework analysis

analysis

Participant selection

10. Sampling How were participants selected? e.g. purposive, Purposive
convenience, consecutive, snowball

11. Method of approach How were participants approached? e.g. face-to-face, | Email
telephone, mail, email

12. Sample size How many participants were in the study? 26

13. Non-participation How many people refused to participate or dropped | Nil

out? Reasons?

Setting

14. Setting of data Where was the data collected? e.g. home, clinic, Community venues
collection workplace

15. Presence of non- Was anyone else present besides the participants and | No

participants researchers?

16. Description of sample | What are the important characteristics of the sample? | Demographics

e.g. demographic data, date

provided in Table 1

Data collection

17. Interview guide

Were questions, prompts, guides provided by the
authors? Was it pilot tested?

Topic guide provided
in Appendices
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18. Repeat interviews

Were repeat interviews carried out? If yes, how
many?

No

19. Audio/visual
recording

Did the research use audio or visual recording to
collect the data?

Audio-recording

20. Field notes

Were field notes made during and/or after the
interview or focus group?

No

21. Duration

What was the duration of the interviews or focus

Stated in results

group?

22. Data saturation Was data saturation discussed? Yes

23. Transcripts returned Were transcripts returned to participants for No
comment and/or correction?

Domain 3: analysis and findings

Data analysis

24. Number of data How many data coders coded the data? 3

coders

25. Description of the Did authors provide a description of the coding tree? | Yes

coding tree

26. Derivation of themes | Were themes identified in advance or derived from Mixed
the data?

27. Software What software, if applicable, was used to manage the | NVivo
data?

28. Participant checking Did participants provide feedback on the findings? Yes

Reporting

29. Quotations presented | Were participant quotations presented to illustrate Yes

the themes/findings? Was each quotation identified?
e.g. participant number

30. Data and findings
consistent

Was there consistency between the data presented
and the findings?

Relationship to
existing empirical

study given
31. Clarity of major Were major themes clearly presented in the findings? | Yes
themes
32. Clarity of minor Is there a description of diverse cases or discussion Yes

themes

of minor themes?

ii) Standards for Reporting Qualitative Research (SRQR) checklist

‘ Standards for Reporting Qualitative Research (SRQR)* Reported?

Title and abstract
Title - Concise description of the nature and topic of the study Identifying the study as 4
qualitative or indicating the approach (e.g., ethnography, grounded theory) or data
collection methods (e.g., interview, focus group) is recommended
Abstract - Summary of key elements of the study using the abstract format of the NA
intended publication; typically includes background, purpose, methods, results, and
conclusions

Introduction
Problem formulation - Description and significance of the problem/phenomenon v
studied; review of relevant theory and empirical work; problem statement
Purpose or research question - Purpose of the study and specific objectives or questions 4
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Methods

Qualitative approach and research paradigm - Qualitative approach (e.g.,
ethnography, grounded theory, case study, phenomenology, narrative research) and
guiding theory if appropriate; identifying the research paradigm (e.g., post positivist,
constructivist/ interpretivist) is also recommended; rationale**

Researcher characteristics and reflexivity - Researchers’ characteristics that may
influence the research, including personal attributes, qualifications/experience,
relationship with participants, assumptions, and/or presuppositions; potential or actual
interaction between researchers’ characteristics and the research questions, approach,
methods, results, and/or transferability

Context - Setting/site and salient contextual factors; rationale**

Sampling strategy - How and why research participants, documents, or events were
selected; criteria for deciding when no further sampling was necessary (e.g., sampling
saturation); rationale™*

Ethical issues pertaining to human subjects - Documentation of approval by an
appropriate ethics review board and participant consent, or explanation for lack thereof;
other confidentiality and data security issues

Data collection methods - Types of data collected; details of data collection procedures
including (as appropriate) start and stop dates of data collection and analysis, iterative
process, triangulation of sources/methods, and modification of procedures in response to
evolving study findings; rationale®*

Data collection instruments and technologies - Description of instruments (e.g.,
interview guides, questionnaires) and devices (e.g., audio recorders) used for data
collection; if/how the instrument(s) changed over the course of the study

Units of study - Number and relevant characteristics of participants, documents, or events
included in the study; level of participation (could be reported in results)

Data processing - Methods for processing data prior to and during analysis, including
transcription, data entry, data management and security, verification of data integrity, data
coding, and anonymization/de-identification of excerpts

Data analysis - Process by which inferences, themes, etc., were identified and developed,
including the researchers involved in data analysis; usually references a specific paradigm
or approach; rationale**

Techniques to enhance trustworthiness - Techniques to enhance trustworthiness and
credibility of data analysis (e.g., member checking, audit trail, triangulation); rationale**

Results/findings

Synthesis and interpretation - Main findings (e.g., interpretations, inferences, and
themes); might include development of a theory or model, or integration with prior
research or theory

Links to empirical data - Evidence (e.g., quotes, field notes, text excerpts, photographs)
to substantiate analytic findings

Discussion

Integration with prior work, implications, transferability, and contribution(s) to the
field - Short summary of main findings; explanation of how findings and conclusions
connect to, support, elaborate on, or challenge conclusions of earlier scholarship;
discussion of scope of application/generalizability; identification of unique contribution(s)
to scholarship in a discipline or field

Limitations - Trustworthiness and limitations of findings

Other

Conflicts of interest - Potential sources of influence or perceived influence on study
conduct and conclusions; how these were managed

Funding - Sources of funding and other support; role of funders in data collection,
interpretation, and reporting
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