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Abstract 

Background Different guideline panels, and individuals, may make different decisions based in part on their prefer-
ences. Preferences for or against an intervention are viewed as a consequence of the relative importance people 
place on the expected or experienced health outcomes it incurs. These findings can then be considered as patient 
input when balancing effect estimates on benefits and harms reported by empirical evidence on the clinical effec-
tiveness of screening programs. This systematic review update examined the relative importance placed by patients 
on the potential benefits and harms of mammography-based breast cancer screening to inform an update 
to the 2018 Canadian Task Force on Preventive Health Care’s guideline on screening.

Methods We screened all articles from our previous review (search December 2017) and updated our searches 
to June 19, 2023 in MEDLINE, PsycINFO, and CINAHL. We also screened grey literature, submissions by stakeholders, 
and reference lists. The target population was cisgender women and other adults assigned female at birth (includ-
ing transgender men and nonbinary persons) aged ≥ 35 years and at average or moderately increased risk for breast 
cancer. Studies of patients with breast cancer were eligible for health-state utility data for relevant outcomes. We 
sought three types of data, directly through (i) disutilities of screening and curative treatment health states (meas-
uring the impact of the outcome on one’s health-related quality of life; utilities measured on a scale of 0 [death] 
to 1 [perfect health]), and (ii) other preference-based data, such as outcome trade-offs, and indirectly through (iii) 
the relative importance of benefits versus harms inferred from attitudes, intentions, and behaviors towards screen-
ing among patients provided with estimates of the magnitudes of benefit(s) and harms(s). For screening, we used 
machine learning as one of the reviewers after at least 50% of studies had been reviewed in duplicate by humans; full-
text selection used independent review by two humans. Data extraction and risk of bias assessments used a single 
reviewer with verification. Our main analysis for utilities used data from utility-based health-related quality of life tools 
(e.g., EQ-5D) in patients; a disutility value of about 0.04 can be considered a minimally important value for the Cana-
dian public. When suitable, we pooled utilities and explored heterogeneity. Disutilities were calculated for screen-
ing health states and between different treatment states. Non-utility data were grouped into categories, based 
on outcomes compared (e.g. for trade-off data), participant age, and our judgements of the net benefit of screening 

*Correspondence:
Jennifer Pillay
jpillay@ualberta.ca
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13643-024-02539-8&domain=pdf
http://orcid.org/0000-0001-6086-7229


Page 2 of 29Pillay et al. Systematic Reviews          (2024) 13:140 

portrayed by the studies. Thereafter, we compared and contrasted findings while considering sample sizes, risk of bias, 
subgroup findings and data on knowledge scores, and created summary statements for each data set. Certainty 
assessments followed GRADE guidance for patient preferences and used consensus among at least two reviewers.

Findings Eighty-two studies (38 on utilities) were included. The estimated disutilities were 0.07 for a positive screen-
ing result (moderate certainty), 0.03–0.04 for a false positive (FP; “additional testing” resolved as negative for cancer) 
(low certainty), and 0.08 for untreated screen-detected cancer (moderate certainty) or (low certainty) an interval 
cancer. At ≤12 months, disutilities of mastectomy (vs. breast-conserving therapy), chemotherapy (vs. none) (low 
certainty), and radiation therapy (vs. none) (moderate certainty) were 0.02–0.03, 0.02–0.04, and little-to-none, 
respectively, though in each case findings were somewhat limited in their applicability. Over the longer term, there 
was moderate certainty for little-to-no disutility from mastectomy versus breast-conserving surgery/lumpectomy 
with radiation and from radiation. There was moderate certainty that a majority (>50%) and possibly a large major-
ity (>75%) of women probably accept up to six cases of overdiagnosis to prevent one breast-cancer death; there 
was some uncertainty because of an indication that overdiagnosis was not fully understood by participants in some 
cases. Low certainty evidence suggested that a large majority may accept that screening may reduce breast-cancer 
but not all-cause mortality, at least when presented with relatively high rates of breast-cancer mortality reductions 
(n = 2; 2 and 5 fewer per 1000 screened), and at least a majority accept that to prevent one breast-cancer death 
at least a few hundred patients will receive a FP result and 10–15 will have a FP resolved through biopsy. An upper 
limit for an acceptable number of FPs was not evaluated. When using data from studies assessing attitudes, inten-
tions, and screening behaviors, across all age groups but most evident for women in their 40s, preferences reduced 
as the net benefit presented by study authors decreased in magnitude. In a relatively low net-benefit scenario, 
a majority of patients in their 40s may not weigh the benefits as greater than the harms from screening whereas 
for women in their 50s a large majority may prefer screening (low certainty evidence for both ages). There was mod-
erate certainty that a large majority of women 50 years of age and 50 to 69 years of age, who have usually experi-
enced screening, weigh the benefits as greater than the harms from screening in a high net-benefit scenario. A large 
majority of patients aged 70–71 years who have recently screened probably think the benefits outweigh the harms 
of continuing to screen. A majority of women in their mid-70s to early 80s may prefer to continue screening.

Conclusions Evidence across a range of data sources on how informed patients value the potential outcomes 
from breast-cancer screening will be useful during decision-making for recommendations. The evidence suggests 
that all of the outcomes examined have importance to women of any age, that there is at least some and possibly 
substantial (among those in their 40s) variability across and within age groups about the acceptable magnitude 
of effects across outcomes, and that provision of easily understandable information on the likelihood of the outcomes 
may be necessary to enable informed decision making. Although studies came from a wide range of countries, there 
were limited data from Canada and about whether findings applied well across an ethnographically and socioeco-
nomically diverse population.

Systematic review registration Protocol available at Open Science Frameworkhttps:// osf. io/ xngsu/.

Keywords Breast cancer, Screening, Patient preferences, Decision-making, Health utilities, Attitudes, Intentions, 
Systematic review

Introduction
Given similar information on the anticipated benefits and 
harms of interventions, guideline panels, and individu-
als, may make different decisions based in part by their 
values and preferences [1]. Recommendations aligned 
with patient values and preferences may be more easily 
accepted and implemented [2]; those that may not align 
well with some peoples’ values can include considera-
tions of needs for individual or shared decision-making.

Strategies to incorporate patient/public preferences 
and values during guideline development may differ 
between guideline producers, in terms of how they col-
lect the data (e.g., literature review and/or direct patient 

input), how values and preferences are defined, and how 
findings are incorporated within the guideline develop-
ment process or recommendations [3]. For the purposes 
of this systematic review, we are defining preferences 
and values similar to the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) 
working group, in terms of the relative importance 
(“weight”) placed on the benefits and harms (“outcome 
valuation”) of breast cancer screening [2, 4, 5].  Prefer-
ences for or against an intervention are viewed as a con-
sequence of the relative importance people place on the 
expected or experienced health outcomes it incurs. These 
findings can then be considered as patient input when 

https://osf.io/xngsu/
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balancing the effect estimates on benefits and harms 
reported by empirical evidence on the clinical effective-
ness of screening programs.

Outcome valuations can make use of comparisons 
between different health-state utility values (HSUVs) or 
data from other utility-based stated and revealed prefer-
ence studies including contingent valuation studies, such 
as discrete choice experiments (DCEs), or simple rat-
ings scales or trade-offs. HSUVs reflect preference-based 
health-related quality of life (HRQoL) and represent the 
strength of an individual’s preferences for the health out-
come or health state under consideration [6]. They are 
measured on a scale of 0 (death) to 1 (perfect health), 
thus a more desirable health outcome will have a higher 
utility value and vice versa. Health utilities can be meas-
ured using direct choice-based utility elicitation meth-
ods such as standard gamble (SG), time tradeoff (TTO) 
(determining what people would be willing to risk or give 
up to avoid living in that health state), or indirect meth-
ods using generic multi-attribute utility instruments such 
as the EuroQoL 5-Dimensions (EQ-5D) with the genera-
tion of a health state and its associated utility based on 
tariffs from previous valuations by members of the gen-
eral public. Disutilities, or decrease in utilities, can be 
used to assess HSUV reductions (i.e., negative impact 
on one’s HRQoL) compared with a person’s health state 
before experiencing the outcome (their “healthy state”) 
or with a (presumably) more desirable health state (e.g., 
receipt of chemotherapy vs. no chemotherapy after sur-
gery for breast cancer). For any given health state, the 
HSUVs can vary depending on the method of health util-
ity estimation, the population used to derive utility scores 
(patients, caregivers, health professionals, or the general 
public), and the context (setting, method or mode of 
administration, or description of health state). For a com-
monly used measurement tool, EQ-5D, a utility change/
difference of about 0.04 can be considered a minimally 
important value for the Canadian general public [7].

Indirectly, the relative importance people place on the 
expected outcomes from an intervention can be inferred 
based on preferences for or against the intervention, 
measured through attitudes, intentions, and/or behaviors 
after being adequately informed about the expected out-
comes [2]. Because the information provided usually cov-
ers a range of outcomes, this indirect measurement will 
typically only allow for the valuation of the anticipated 
desirable (benefits) versus undesirable (harms) outcomes, 
rather than for any two specific outcomes. Further, it will 
not often be based on peoples’ experience with the out-
comes and may vary depending on the description (e.g., 
magnitude of possible effects) and understanding of 
the anticipated outcomes. The methods are considered 
indirect because intentions and behaviors related to an 

intervention are often influenced by other factors—for 
example, subjective norms, perceived behavioral control, 
accessibility, and emotional factors [8–10]—apart from a 
person’s outcome valuations. This review does not exam-
ine evidence or other sources of data (e.g., social media) 
about the general sentiment of patients or the public 
about breast cancer screening when it is unclear whether 
and what evidence-based information they are using to 
base their opinions.

Objective
This systematic review update will help inform an update 
to the 2018 Canadian Task Force on Preventive Health 
Care’s (task force) guideline on breast cancer screen-
ing [11]. The findings will be considered as one form of 
patient input when the task force is balancing the effect 
estimates on benefits and harms based on empirical evi-
dence of the clinical effectiveness of screening programs. 
Other forms of patient engagement are used during the 
development of recommendations, key messages, and 
knowledge dissemination tools (e.g., members of task 
force working group, public advisory network) [12] and 
can help inform this topic on preferences and other con-
siderations related to acceptability, resource use, and 
feasibility that contribute to recommendations.  For this 
review, we answered the following research question: 
what is the relative importance placed by patients on the 
potential benefits and harms of mammography-based 
breast cancer screening?

Methods
This is a modified update to our previous systematic 
review completed in 2018 [13]. The full research plan 
for the evidence reviews for this guideline update and 
the protocols for the key questions on the benefits and 
harms of screening and for this review on patient prefer-
ences can be found at Open Science Framework https:// 
osf. io/ xngsu/. The scope of the review was informed by 
a working group consisting of task force members, clini-
cal experts external to the task force, and patient partners 
(see Acknowledgements). A draft research plan was also 
reviewed by stakeholders throughout Canada and peer 
reviewers, with all comments considered by the task force 
and review team and modifications made as suitable. 
The research plan and protocol were then finalized dur-
ing the pilot stages of the screening and data extraction. 
Any deviations to the protocol are described herein. A lay 
summary of the methods and findings of this review can 
be found on the task force’s website (https:// canad ianta 
skfor ce. ca/).

For this update, the eligibility criteria were broadened 
to include HSUVs. HSUVs and other data from prefer-
ence-based (e.g., discrete choice experiments, trade-offs) 

https://osf.io/xngsu/
https://osf.io/xngsu/
https://canadiantaskforce.ca/
https://canadiantaskforce.ca/
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or non-preference-based (e.g., relative importance of 
benefits versus harms inferred by intentions to screen 
after receiving information) studies focused on the task 
force’s ratings of outcomes considered important or criti-
cal (ratings of 4–6 or 7–9 on a 9-point scale, respectively) 
for their decision making: anticipated benefits included 
reductions/improvements in breast-cancer and all-cause 
mortality, curative treatment-related morbidity (meas-
ured indirectly through receipt of radiotherapy, chemo-
therapy, mastectomy [vs. breast-conserving surgery 
(BCS)/partial mastectomy], or axillary lymph node dis-
section [ALND; vs. sentinel lymph node biopsy, SLNB]), 
advanced-stage disease (ideally via reductions in stage 
III+ cancer), HRQoL, and life years gained; anticipated 
harms included overdiagnosis (a measure of harms from 
the label and treatments received for cancer that would 
have never caused harm, never progressed, progressed 
too slowly to cause symptoms or harm during a per-
son’s remaining lifetime), false positive/alarms (resolved 
by any means; FPs), FPs resolved by biopsy, and interval 
cancers (cancers not recognized during screening [false-
negative results] or clinically detected between screening 
rounds). Although for this review, we use the term “false 
positive” which is common in the scientific literature, the 
task force will refer to the related screening outcomes as 
requiring “additional imaging with or without biopsy (no 
cancer)” or “additional imaging and biopsy (no cancer)” 
to avoid any implication that the test is positive for cancer 
or even that the results always indicate an abnormality.

This systematic review follows methods approved 
by the task force [12], with the following deviations to 
allow expedited processes: (i) use of machine learning 
via DistillerAI (DistillerSR Inc., Ottawa, Canada) as one 
of the reviewers for reviewing titles and abstracts after 
at least 50% of studies (predicted > 95% of includes) had 
been reviewed in duplicate by humans and with a qual-
ity check to ensure accuracy, and (ii) use of verification 
by a senior reviewer rather than dual independent data 
extraction and risk of bias and certainty assessments. We 
report the systematic review according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses 2020 statement [14].

Eligibility
Studies were selected according to the inclusion and 
exclusion criteria outlined in Table  1. The target popu-
lation was cisgender women and other adults assigned 
female at birth (including transgender men and non-
binary persons) ≥ 35 years of age (in ≥ 80% of the sam-
ple) with average or moderately increased risk for breast 
cancer. As the majority of evidence reviewed defined 
their population as “women,” both the terms “women” 
and “patients” will be used throughout this review. We 

included women younger than 40 years of age (target age 
limit for the task force’s guideline) to capture individu-
als considering screening in the near future. For studies 
of HSUVs related to cancer diagnosis or treatment, par-
ticipants preferentially had experience with breast can-
cer (currently or in the past), but if no data were found 
from this population for analysis, we used public samples 
presented with hypothetical scenarios about cancer diag-
nosis and/or treatment. We excluded studies reporting 
HSUVs based on samples of healthcare providers. If not 
reporting whether a new cancer was detected by screen-
ing, we included data from untreated new diagnoses 
detected by any means as long as < 10% of the sample had 
stage IV disease; this threshold for stage IV was also used 
for HSUVs of curative treatments. For other data, such 
as HSUVs related to screening health states (e.g., before 
screening [to capture the utility of a “healthy screen-eligi-
ble population” for calculating disutilities of other states], 
a positive test before diagnostic work-up, FPs, invasive 
procedures during diagnostic work-up) and from non-
HSUV studies, we excluded studies with ≥ 20% partici-
pants at high-risk for breast cancer (Table 1).

For non-HSUV studies, patients had to have exposure 
to information on the expected magnitude of ≥ 1 benefit 
and ≥ 1 harm from screening (as per task force ratings 
of important or critical outcomes), or data on benefits if 
previously exposed to a FP, unless there was elicitation 
by the authors of the trade-offs between different magni-
tudes of benefit(s) and harm(s). We included quantitative 
data only, though this could be collected by qualitative 
data collection methods such as focus groups.

We collected HSUV data elicited directly by TTO and 
SG methods, and indirectly using a utility-based generic 
HRQoL tool (e.g., any version of EQ-5D, Short-form (SF)-
6D, 15-Dimension, Health Utilities Index [HUI]). For the 
treatment comparisons of interest (e.g., chemotherapy vs. 
none), we included studies that reported on only one of the 
exposures (e.g., chemotherapy) with plans to use between-
study as well as within-study comparisons. For the expo-
sure of advanced-stage disease (e.g., treated stages I–III vs. 
IV), we only included studies if there was a within-study 
comparison due to a vast amount of literature on the utili-
ties in advanced disease. Studies needed to be reported in 
English or French and the country of data collection had 
to be considered Very Highly Developed as per the United 
Nations Development Programme’s Human Development 
Index [15]. Date of publication was limited to 2000 onwards 
(given the increased scrutiny about harms from screening 
[16, 17]), with the exception of studies reporting on HSUVs 
for treatment-related states (surgery, chemotherapy, and 
radiation) where the date was limited to 2014 onwards to 
capture treatments subjected to advances over time, espe-
cially related to the surgical management of the axilla.
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Literature search
An information specialist modified our 2017 peer-
reviewed search (combining terms for breast cancer 
screening and decision making/attitudes/intentions)  to 
add terms for studies reporting on HSUVs for breast can-
cer patients and screening outcomes (e.g., need for addi-
tional imaging/false positives). Our search concept for 
HSUVs has been peer-reviewed for other relevant topics. 
The searches used both controlled vocabulary, such as the 
National Library of Medicine’s MeSH (Medical Subject 
Headings), and keywords in three databases: MEDLINE 
(1946–) via Ovid, CINAHL via EBSCOhost (1937–pre-
sent), and PsycINFO via Ovid (1987–present). Database 
searches were run on June 19, 2023. Methodological fil-
ters were not applied to limit retrieval by study design. 
Searches were restricted by language to include full texts 
published in English and French, with a publication date 
of 2017 onwards. Supplementary file 1 contains the final 
search strategies. To capture eligible  studies on HSUVs 
published between 2000 and 2017 (for utilities related to 
screening outcomes) or between 2014 and 2017 (for utili-
ties from treatment-related states), we used our database 
searches to locate and scan systematic reviews on HSUVs 
in breast cancer screening or patients to assess all of the 
included studies against our eligibility criteria. Because 
the last version of this review was conducted when the 
task force only rated breast cancer and all-cause mortal-
ity as critical benefit outcomes, we scanned our previous 
review’s excluded studies lists to locate studies weighing 
harms against the additional outcomes rated as critical 
for this guideline update (e.g., weighing the importance 
of reduction in advanced stage vs. one or more harm).

On August 10, 2023, we also searched (past 2 years) 
for completed studies in clinicaltrials.gov and WHO 
ICTRP for non-HSUV data, and ISPOR Presentations 
Database, International Health Economics Associa-
tion (IHEA), Congress International Society for Quality 
of Life Research (ISOQOL), the EQ-5D Database, and 
the University of Sheffield’s School of Health & Related 
Research Health Utilities Database (ScHARRHUD) for 
studies reporting HSUVs (Supplementary file 1 includes 
search terms and results). We also reviewed all submis-
sions solicited by the task force from stakeholders and 
reference lists of included studies.

All results of the database searches were imported into 
an EndNote® database (Thomson Reuters, New York, 
NY) for reference citation, and after duplicate removal, 
into DistillerSR (DistillerSR Inc. Ottawa, Canada) for 
screening and selection procedures. Results from the 
grey literature searches and from scanning references of 
reviews and included studies were uploaded into End-
Note and exported into Excel for screening and selection.

Study selection
To screen primary studies identified from the database 
searches, we applied the machine learning program 
DistillerAI (DistillerSR) which continually reprioritizes 
records during screening [18]. DistillerAI learns from 
human reviewers’ inclusion decisions to assign a like-
lihood score for each unscreened record. Further, a 
threshold likelihood score for inclusion can be applied, 
allowing DistillerAI to act as a second reviewer with high 
specificity and sensitivity for the remaining unscreened 
records [19, 20]. Until DistillerAI predicted that > 95% of 
included studies had been found (about 50% of citations), 
a single reviewer screened all titles/abstracts and another 
reviewer verified all excluded records. Thereafter, we 
used DistillerAI with a prediction score of 0.70 likelihood 
for exclusion to serve as the second reviewer. Quality 
assurance of the process was conducted; all records that 
were screened by DistillerAI as a second reviewer were 
identified (n = 2574) and 20% of the sample was cross-
referenced in DistillerSR to ensure inclusion/exclusion 
criteria were met. Particular attention was placed on 
records with a likelihood score of ≥ 0.5. No discrepancies 
were identified, indicating a high specificity and sensitiv-
ity of DistillerAI as a second reviewer for this review.

One reviewer screened the grey literature and refer-
ence lists, with any potentially relevant study sent for 
full-text review by two reviewers. For full-text selection, 
a single reviewer reviewed all records, with all exclusions 
verified by another reviewer and the use of an arbitrator 
in case of disagreement. An exception was made if the 
abstract only mentioned the quality of life (n = 482 stud-
ies) where one reviewer assessed full text for use of any 
utility-based measurement tool; the dual review was then 
used for relevant studies reporting utilities. We contacted 
authors (by email once with one reminder) to confirm eli-
gibility where this was unclear; this mainly occurred for 
non-HSUV studies when it was unclear what informa-
tion, if any, was provided on the expected magnitude of 
outcomes from screening. Both title/abstract (100 cita-
tions) and full text (20 citations) screening were piloted 
by all reviewers involved. Studies were further verified for 
inclusion during data extraction. The flow of literature 
and reasons for full text exclusions were recorded.

Data extraction
Data extraction forms were piloted (at least five studies 
of various methods) by all reviewers involved in extrac-
tion. Thereafter, one reviewer independently extracted 
data from each newly  included study; a second (senior) 
reviewer verified all data for accuracy and complete-
ness. Disagreements on study and population character-
istics (e.g., classification of exposure for HSUVs, details 
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on presentation of information) and data results were 
resolved through discussion or consultation with a 
third reviewer until consensus was reached.  For studies 
included in the previous review, we reviewed the study 
characteristics and results to determine if there were 
additional items or results to consider for this update.

Details about the population and study character-
istics included the following: study design, country of 
origin, sample sizes, population(s) (including age, eth-
nicity, breast density, risk for breast cancer, screening 
history, and [if relevant] cancer stage and context e.g., 
current/previous/hypothetical health state), exposure(s) 
(e.g., survey/interview topics, design of decision aid, 
HSUV instrument including country of tariff and treat-
ment exposures of patients), information provided to 
participants on potential benefits and harms and other 
outcomes (including all numerical information and 
definitions of overdiagnosis  and FPs), comparator(s) as 
applicable, and findings, as reported by study authors. 
Outcomes of interest are listed in Table  1; for stud-
ies reporting non-HSUV data, we decided in a post hoc 
manner to also extract results on any knowledge tests 
given to participants, to provide information related to 
their understanding of the data on outcomes presented. 
Data reported by authors on any subgroup analysis for 
the specific populations of interest (age, race/ethnicity, 
screening history, risk for breast cancer, history of a FP) 
were extracted. If studies compared two different ver-
sions of information/decision aids, each eligible arm was 
considered separately.

For HSUV data related to cancer treatment, by type 
of surgery, receipt of chemo- and radiation therapy, 
use of axillary lymph node dissection, and by stage 
of disease, we extracted the worst utility value within 
each of two time points: within 12 months of surgery 
(or within 18 months of diagnosis) and at 2 years or 
later after surgery. For each health state of interest 
and for any subgroup analyses, we used an 80/20 rule; 
for example, if ≥ 80% of patients received a treatment 
all were classified as receiving, if ≤20% received the 
treatment none were considered as receiving, and for 
studies with > 20% to < 80% receiving the treatment 
the sample was considered “mixed” for that variable. 
For the HSUV of a healthy screen-eligible population 
(for making calculations of the disutility of the other 
health states), we used data from before screening or 
a sample of unscreened people matched to those being 
screened, or, if necessary, from a sample after they 
received a negative screening test.

Tables were created with data by study and a descrip-
tive summary was developed to summarize all study 
characteristics among the two major sets of data (HSUVs 
and non-HSUVs).

Risk of bias assessments
We used items as per GRADE guidance on risk of bias in 
studies on patient preferences, about the choice/selec-
tion of representative participants; completeness of 
data (participation rate and missing data); appropriate 
administration and choice of instrument; and analysis 
and presentation of methods and results (e.g., inclu-
sion of variance measures) [4]. Two questions related 
to the selection of participants, about the adequacy of 
the participation rate and similarity between respond-
ers and non-responders, were added to the main ques-
tion about appropriateness of the study sample, which 
was used to be specific to whether participants were 
highly selected, for example asked about screening atti-
tudes while attending screening visits.  Items related to 
the choice of instrument included, as applicable, pres-
entation of benefit and harms data (e.g., using absolute 
risk data) or quality of vignettes, comprehensiveness of 
data (e.g., inclusion of data/estimates of overdiagnosis), 
and whether testing was done by authors on patients’ 
understanding of tasks. For HSUVs, we assessed risk of 
bias for each time point reported and risk was consid-
ered high if there were concerns about missing outcome 
data or lack of variance measures, or moderate if there 
were concerns about two or more other items. For non-
HSUV studies, we rated the risk of bias for the entire 
study and risk of bias was considered high if there was 
poor presentation of outcome data (i.e., only relative 
effects and/or no data on overdiagnosis), a potentially 
highly biased sample (e.g., up to 20% 18–35 aged years, 
recruitment during screening visits), or major concerns 
about missing data or measurement of outcomes (e.g., 
not defining “positive” intentions). If not rated as high 
risk but providing an inadequate description of over-
diagnosis (e.g., not referring to it as cancer), the study 
was rated as moderate risk of bias. The risk of bias form 
was piloted (at least 3 studies of various methods) by all 
reviewers involved in the assessments. Thereafter, one 
reviewer performed assessments and a second verified 
the data used for the assessment and marked any disa-
greements in the ratings. The reviewers met to come to 
a consensus on their ratings, with arbitration by a third 
reviewer if necessary.

Due to a general lack of protocol availability and uncer-
tainty about any impact from missing studies on this 
topic, we did not assess if there was a risk of bias within 
each analysis from missing results within studies or from 
missing studies. Any potential bias from this was lim-
ited by inclusion in our synthesis of data regardless of its 
suitability for analysis (e.g., lack of variance measures), 
consideration of several types of data in our syntheses 
for each outcome, and a highly comprehensive search 
including grey literature/unpublished sources.
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Data analysis

HSUV data We charted out the exposures of interest 
and HSUV elicitation methods across all studies, and for 
treatment exposures identified which studies had within-
study comparisons which we prioritized over between-
study comparisons (e.g., mean utilities from studies of 
chemotherapy vs. studies without). We preferred mean 
utility values but used medians if necessary. If variance 
measures were not reported we used one from a similar 
study  [21]. We combined arms in a study if they were 
both exposed to the same health state of interest (e.g., 
BCS) but varied in other unrelated factors (e.g., differ-
ing forms of nerve block during surgery). Our main 
analysis relied on data from indirect measurement with 
utility-based HRQOL tools rather than direct methods 
of TTO and SG which were less common. The data from 
the direct measurements, for example the relative utility 
between different treatment states, were analyzed sepa-
rately and used to compare with the indirect data or pro-
vide additional information on subgroup effects.

We considered pooling estimates if two or more studies 
reported on the same comparison or exposure. Data using 
any utility-based HRQOL were pooled, as were data from 
direct TTO or SG methods. Pooling used a fixed-effects 
model with weighting by the inverse of variance; our pro-
tocol planned for the use of a random effects model but 
we found that many small studies (often at higher risk 
of bias) within this analysis were given too much weight 
using the random effects model. If we were not able to use 
a study’s data in a meta-analysis (e.g., only p values were 
reported), we commented on these findings and com-
pared them with the results of the meta-analysis. Analyses 
were performed using Microsoft Excel, Review Manager 
(version 5.3), and STATA (version 14.2 or higher).

Within each analysis, if there were more than two stud-
ies we explored heterogeneity first by sensitivity analy-
sis removing less commonly reported methods, that is 
HRQOL tools apart from EQ-5D, and then by subgroup 
analysis by risk of bias (high [e.g., missing variance data] 
vs. low/moderate). If high risk of bias results led to highly 
significant subgroup effects (p < 0.01), we relied on the 
analysis without these studies. We also performed several 
pre-planned stratified analyses (using our 80/20 rule) by 
(i) stage 0 inclusion for exposures of a new diagnosis, sur-
gical treatments, and advanced (vs. not) stage; (ii) stage 
0/I versus II/III and I/II versus III/IV for new diagnosis 
and advanced stage; (iii) type of adjuvant therapy (chem-
otherapy [+/− radiation therapy], radiation therapy, 
none, or mixed) for surgery and advanced stage com-
parisons; and (iv) type of surgery (mastectomy, BCS, or 
mixed) for therapy and advanced stage comparisons. Post 
hoc, we added subgroups for stage of disease and receipt 

of radiation therapy for the chemotherapy exposure, and 
receipt of chemotherapy for the radiation exposure.

Non‑HSUV data Studies were first grouped accord-
ing to whether they used preference-based methods to 
directly measure outcome valuations (e.g., discrete choice 
experiments, trade-offs, rankings) or non-preference-based 
methods to indirectly capture preferences through inten-
tions/uptake/attitudes to screening based on information 
in decision aids or other educational materials. Preference-
based studies were then grouped by the types of outcomes 
they compared and then by the age of the participants. 
Non-preference studies with data on the valuation of the 
benefits versus the harms more generally were grouped 
primarily based on age (of participants and relevancy of 
information on outcomes provided), but also the relative 
magnitude of the benefit-to-harm ratio of screening in the 
information presented to women and by the risk of bias 
of the studies. We categorized the benefit-to-harm ratio 
(“net benefit”) information in each study as low, moderate, 
or high taking into account the relevancy of the informa-
tion to the targeted age category as well as the complete-
ness of data (e.g., the inclusion of overdiagnosis as a poten-
tial harm), magnitudes of effect, and how the presentation 
of the data would likely influence perceptions by women 
(e.g., relative effect estimates portraying higher benefit than 
natural frequencies). Our classification of the degree of net 
benefit is focused on the differences across studies, in rela-
tive terms, rather than our judgments about the magnitude 
of the benefits or harms portrayed (e.g., the data indicat-
ing a relatively low net benefit scenario may be considered 
by others to provide moderate net benefit). Despite this, 
data used for the low net benefit scenarios are quite well 
aligned with the findings of previous guideline panels that 
have judged the effects as indicating a small net benefit or 
having a close balance between benefits and harms [11]. In 
addition, differences in the magnitudes of effects presented 
often reflected different time frames examined by the 
underpinning data sources; for instance, the high net ben-
efit scenarios were often based on a 20 or longer year time 
horizon (e.g., [22, 23]). We assumed that most study par-
ticipants would be focused on the numerical data provided 
(e.g., 1 in 1000 vs. 1 in 200 fewer deaths) rather than also 
considering the duration over which these effects would 
occur. After the studies were sorted, we compared and con-
trasted findings within the relevant studies, with considera-
tion of the sample sizes, risk of bias, subgroup findings, and 
data on knowledge scores, to create a summary narrative 
statement for each data set. In terms of interpreting the 
proportions of patients that the findings related to, we used 
“all/almost all” (≥ 90%), a “large majority” (≥ 75%), and a 
“majority” (≥ 50%).
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Certainty of the evidence
We used GRADE methods guidance for patient prefer-
ences to assess the certainty of evidence [4, 5]. All out-
comes started at high certainty and were rated down, as 
applicable, if there were serious concerns about the risk 
of bias, inconsistency (or lack of consistency in the case 
of single studies), indirectness (all non-preference-based 
studies were rated down for this domain), or imprecision 
(i.e., wide confidence intervals for HSUVs, small sample 
sizes or uncertainty about the proportion of patients the 
data referred to in non-HSUV studies). In some cases, 
we had some but not serious concerns for one or more 
domains; if we had some concerns for two domains, we 
rated down the evidence by one level. In cases where 
studies of HSUVs reporting on similar exposures could 
not be pooled in meta-analysis, we used guidance for 
rating the certainty of evidence in the absence of a sin-
gle estimate [24]. One reviewer initially assessed the cer-
tainty of evidence and at least two reviewers came to a 
consensus on final judgments.

We chose to use standard wording to describe the level 
of certainty of each finding. For findings of high, mod-
erate, and low certainty evidence, we use “will,” “prob-
ably,” and “may,” respectively, in our narrative statements 
about the findings [25]. For very low-certainty findings, 
we report that the evidence is very uncertain without 
describing any study findings.

Involvement of contributors and stakeholders
The working group members, including clinical experts 
and patient partners external to the task force and 
employees of the Public Health Agency of Canada, helped 
inform the eligibility criteria. The task force members of 
the working group chose the outcomes based on ratings 
of their importance. The contributors were not involved 
in the selection of studies, extraction of data, appraisal of 
risk of bias, nor in the synthesis of data, but contributed to 
the interpretation of the findings and commented on the 
draft report. They were called upon to help inform judg-
ments when assessing certainty (e.g., related to direct-
ness to Canadian practice or populations). A draft of this 
manuscript was sent to various stakeholders across Can-
ada. All comments from the 31 respondents were consid-
ered and several modifications were made, most focusing 
on clarifying the interpretation of utility values and the 
methods (e.g., modifications made to risk of bias tool) or 
expanding on the review conclusions and limitations, but 
none leading to changes to the summary statements or 
certainty assessments (Supplementary file 1).

Results
Literature flow
Our database searches retrieved 5673 unique citations. 
Nine citations were found from grey literature sources, 
all of which were ineligible for inclusion. After review-
ing 907 full texts from these searches, 862 studies were 
excluded for reasons (Supplementary file 1). 428 records 
were screened from seven existing systematic reviews, 
our previous review’s excluded studies list, and stake-
holder submissions. All of the eligible studies submitted 
by stakeholders were also found in our searches.  Over-
all, we included 82 studies with five additional associated 
publications (Figure 1); 28 of these were included in the 
previous review. One of the previously included studies 
was excluded because more than 20% of the participants 
were below 35 years of age which was a revised criterion 
for this update [26].

Health state utility values
Study characteristics
For HSUVs, we included 38 studies [27–64] and one 
associate paper [65]. The mean age across studies was 
56.7 years (≥ 70 years in 4 studies [27, 46, 53, 57]), and 
the total number of participants was 22,952 (range 30 to 
8287). Studies came from the Netherlands [31, 39–43, 
59], the USA [27, 28, 37, 55, 57, 60], South Korea [38, 44, 
49, 61], Finland [51, 52, 54, 65], the UK [36, 53, 62], Aus-
tralia [29, 34, 63], Japan [33, 58], Spain [45, 47], Norway 
[48], Italy [50], Croatia [64], Thailand [56], France [35], 
Greece [32], England and Wales [46], and multiple coun-
tries (UK, USA, Japan, France, Germany, Italy, and Spain) 
[30]. Other demographic information including race/eth-
nicity, comorbidities, and family history was scarce and 
not consistently reported. Of seven studies reporting on 
race/ethnicity, the percent of non-Caucasian/White par-
ticipants was 0.8 to 60.7%. Recruitment strategies usually 
included cancer networks/centers or outpatient clinics.

Thirty studies used the EQ-5D index score with patient 
samples and three of four studies using direct methods 
(TTO and SG) used vignettes with a public sample (see 
Supplementary file 2 for details). One study using the 
EQ-5D visual analogue scale (VAS) in a public sample 
was included in a post hoc manner to assess the util-
ity of interval breast cancers as this health state was not 
reported in any of the other included studies.

Thirteen (34.2%) of the 38 studies were at high risk 
of bias for at least one timepoint of interest. Nine stud-
ies solely focused on screening health states, 25 were 
focused on treatment health states, and four studies 
included health states on both screening and treatment.
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Table  2 summarizes the main findings and their cer-
tainty from the primary analysis of HSUVs relying on 
the utility-based HRQOL tools and supported by TTO 
and SG findings where available. Supplementary file 2 
contains tables of the study characteristics, the risk of 
bias ratings, and a full summary of findings tables which 
include all findings from the main, sensitivity, and sub-
group analyses. Detailed results are presented here when 
the evidence was rated to have low or higher certainty.

Screening health states
Disutilities from outcomes during the breast can-
cer screening process were calculated in comparison 
with (subtracted from) the pooled utility (0.94) of a 
healthy screen-eligible population including individuals 

scheduled for genetic counseling (n = 33; results of 
genetic testing unknown), with a known negative screen-
ing result (n = 531), and healthy age and education 
matched comparators (n = 7992) [60, 61, 64]. This esti-
mate had moderate certainty due to a lack of consistency 
from large reliance on one study [61]. When comparing 
results with trends observed in population norms (not all 
eligible for screening) for a Canadian province (Alberta) 
[66], we had low certainty (from indirectness to older 
ages) that the utility of 0.94 applies well to those over 70 
years of age.

During the breast cancer screening process, the disu-
tility of positive screening mammography (before diag-
nostic testing) is probably 0.07, with a rating down one 
level for some concerns of inconsistency and risk of bias 

Fig. 1 Literature flow diagram
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Table 2 Summary of findings on health state utilities

Number of included studies in main analysis using utility-
based HRQOL tools 
Sample size
Data from direct methods (TTO/SG), if applicable

Certainty* What does the evidence say?

Healthy eligible comparator

N = 3 studies [60, 61, 64]
N = 8556

⊕⊕⊕⊝
MODERATEb (for individuals 40-70 years)
⊕⊕⊝⊝
LOWb,c (for individuals 70+ years)

The utility value for a healthy comparator, eligible for BC screening 
and aged 40–70 years is probably 0.94.
The utility value for a healthy comparator, eligible for BC screening 
and over 70 years of age may be 0.94, but there is less certainty 
for this value.

Disutility of screening test process (after screening but before screening results)

No evidence No evidence No evidence

Disutility of positive screening mammography (before diagnostic testing)

N = 3 studies [32, 59, 60]
N = 565 participants

⊕⊕⊕⊝
MODERATEa,b

The disutility value for a positive screening mammography is prob-
ably 0.07.

Disutility after biopsy (diagnostic results not known)

N = 1 study [32]
N = 102 participants

⊕⊝⊝⊝
VERY  LOWa,b,d

We are very uncertain about the disutility of receiving a biopsy, 
before the results are known.

Disutility of knowledge of a false positive requiring imaging only or imaging plus biopsy

N = 2 studies [59, 60]
N = 696 participants

⊕⊕⊝⊝
LOWa,c

The disutility value for having knowledge of a false positive requir-
ing imaging only or imaging plus biopsy may be 0.03 to 0.04.

Disutility of false-positive result requiring imaging plus biopsy

N = 1 study [32]
N = 78 participants

⊕⊝⊝⊝ VERY
LOWa,b,d

We are very uncertain about the disutility of a false positive result 
after invasive testing.

Disutility of a true-positive result, before treatment

N = 9 studies [31, 35, 44–46, 52, 53, 61, 64]
N = 6657 participants
Direct methods: N = 1 [53] SG, n = 156

⊕⊕⊕⊝
MODERATEb,c

The disutility of a screen-detected cancer is probably on average 
0.08, but may be higher for older ages and advanced stage oper-
able cancer.

Disutility of an interval cancer

N = 1 study (using VAS) [28]
N = 131 participants

⊕⊕⊝⊝
LOWa,b,d

The disutility for interval cancer may be similar to a screen-detected 
cancer.

Disutility of mastectomy vs. BCS/partial mastectomy (≤ 12 months from surgery)

Within study: N = 3 studies [29, 47, 52]
N = 1546 participants
Direct methods: N = 2 studies [29, 39] SG/TTO, N = 293

⊕⊕⊝⊝
LOW a,b

⊕⊕⊝⊝
LOWa,b

The disutility of a mastectomy versus a BCS/partial mastectomy (all 
patients receiving adjuvant treatments) may be at least 0.02 to 0.03.
We are very uncertain about the disutility from mastectomy with-
out adjuvant treatment vs. BCS/partial mastectomy with radiation.Between study:

BCS, N = 5 studies [27, 29, 47, 52, 63]
N = 1682 participants
Mastectomy, N = 7 studies [29, 33, 47, 49, 52, 61, 62]
N = 1942 participants
Direct methods: N = 3 studies [29, 39, 56] TTO/SG, N = 696

⊕⊕⊝⊝
LOWa,b

Disutility of adjuvant chemotherapy vs. none (≤12 months from surgery)

Within study: N = 2 studies [36, 53]
N = 1011 participants

⊕⊕⊝⊝
LOWa,d

⊕⊕⊝⊝
LOWb,c

The disutility of adjuvant chemotherapy may be 0.02–0.04 
among a mixed surgical population.

Between study:
Adjuvant chemotherapy: N = 7 studies [36, 43, 47, 53, 58, 61, 65]
N = 1234 participants (1 study N = NR by arm, N = 231 overall 
[36])
No adjuvant chemotherapy: N = 5 studies [36, 38, 46, 51, 53]
N = 2447 participants (1 study N = NR by arm, N = 231 overall 
[36])

⊕⊕⊝⊝
LOWb,c

Disutility of adjuvant radiation vs. none (≤12 months from surgery)

Within study: N = 4 studies [29, 36, 62, 63]
N = 1587 participants
Direct methods: N = 1 study [29] SG, N = 1 72

⊕⊕⊕⊝
MODERATEb

⊕⊕⊕⊝
MODERATEb

There is probably little-to-no disutility from adjuvant radiation, 
among those receiving BCS/partial mastectomy or mastectomy, 
where many are receiving chemotherapy.

Between study:
Adjuvant radiation: N = 8 studies [27, 29, 36, 47, 52, 61–63]
N = 2174 participants (1 study N = NR by arm, N = 231 overall)
No adjuvant radiation: N = 8 studies [29, 33, 34, 36, 52, 58, 62, 63]
N = 1547 participants
Direct methods: N = 3 studies [29, 39, 55] TTO/SG, N = 449

⊕⊕⊝⊝
LOWB
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[32, 59, 60]. Two of the studies excluded people who were 
later known to have cancer and the other only included 
women who’s screening mammography indicated low 
suspicion for breast cancer. After receiving imaging only 
or imaging plus biopsy and results of no cancer diagnosis, 
the disutility of knowing about a FP result may be 0.03 to 
0.04 [59, 60].

The disutility of a true-positive result (screen-detected 
cancer) is probably on average 0.08, but may be higher for 
older ages and advanced stage operable breast cancer [31, 
35, 44–46, 52, 53, 61, 64]. Removing two studies at high 
risk of bias did not impact the findings. There were some 
concerns about unexplained inconsistency; subgroup 
data based on age and stage of disease (including data 

Table 2 (continued)

Number of included studies in main analysis using utility-
based HRQOL tools 
Sample size
Data from direct methods (TTO/SG), if applicable

Certainty* What does the evidence say?

Disutility of ALND vs. SLND (≤12 months from surgery)

Within study:
No evidence

No evidence No evidence

Between study:
No evidence

No evidence

Disutility of advanced vs. not advanced stage (stages II–III vs. I) (≤12 months from treatment initiation)

N = 2 studies [30, 50]
N = 1412 participants

⊕⊕⊝⊝
LOWb,d

There may be a disutility of 0.02, from having stage II–III ver-
sus stage I breast cancer among a mixed surgical and adjuvant 
treatment population.

Disutility of advanced vs. not advanced stage (stage III vs. I–II) (≤12 months from treatment initiation)

N = 2 studies [30, 50]
N = 1412 participants
Direct methods: N = 1 study [39], N = 121

⊕⊕⊝⊝
LOWb,d

There may be a disutility of 0.03, from having stage III versus I–II 
breast cancer among a mixed surgical and adjuvant treatment 
population.

Disutility of mastectomy vs. BCS/partial mastectomy (≥ 2 years from surgery)

Within study: N = 5 studies [37, 40, 41, 52, 57]
N = 3820 participants

⊕⊕⊕⊝
MODERATEc

⊕⊕⊕⊝  MODERATEc There is probably little-to-no disutility from mastectomy ver-
sus BCS/partial mastectomy with radiation >2 years from surgery. 
This may be most applicable after at least 5 years post-surgery.Between study:

BCS, N = 6 studies [37, 40–42, 52, 57, 61]
N = 2017 participants
Mastectomy, N = 6 studies [37, 40, 41, 52, 57, 62]
N = 2702 participants

⊕⊕⊕⊝
MODERATEc

Disutility of adjuvant chemotherapy vs. none (≥ 2 years from surgery)

Within study: no evidence No evidence ⊕⊝⊝⊝
VERY  LOWb,d

We are very uncertain about the disutility of adjuvant chemother-
apy versus none >2 years from surgery.Between study:

Adjuvant chemotherapy: N = 2 studies [54, 61]
N = 272 participants
No adjuvant chemotherapy: N = 1 study [57]
N = 278 participants

⊕⊝⊝⊝
VERY  LOWb,D

Disutility of adjuvant radiation vs. none (≥ 2 years from surgery)

Within study:
N = 2 studies [57, 62]
N = 1183 participants

⊕⊕⊕⊝
MODERATEd

⊕⊕⊕⊝
MODERATEb

There is probably little-to-no disutility from adjuvant radiation 
versus none >2 years from surgery.

Between study:
Adjuvant radiation: N = 9 studies [37, 40–42, 48, 52, 57, 61, 62]
N = 5646 participants
No adjuvant radiation: N = 4 studies [37, 41, 57, 62]
N = 838 participants

⊕⊕⊕⊝
MODERATEb

Disutility of ALND vs. SLND (≥ 2 years from surgery)

Within study: no evidence No evidence No evidence

Between study: no evidence No evidence

Disutility of advanced vs. not advanced stage (> 2 years from treatment initiation)

No evidence No evidence No evidence

* Reasons for rating down certainty: arisk of bias, binconsistency/lack of consistency, cindirectness, dimprecision; the use of capitals indicates there was a very serious concern 
for the domain; for three exposures (positive screening mammography, true positive result, interval cancer), there was only some concern for two of the domains

ALND, axillary lymph node dissection; BC, breast cancer; BCS, breast-conserving surgery; HRQOL, health-related quality of life; SG, standard gamble; SLND, sentinel 
lymph node dissection, TTO, time trade-off; vs, versus
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from a SG; n = 156 [55]) was limited but suggested higher 
disutility with older ages and advanced-stage operable 
disease. There was also some indirectness because data 
were not specific to screen-detected cases, though con-
cerns were not serious because the seven studies that 
reported stage of disease confirmed there were very few 
stage IV (0–0.7%) cancers which are not typically identi-
fied during screening.

Interval cancers were reported in one study using a 
hypothetical scenario and evaluated by VAS, where the 
disutility may be similar to screen-detected cancer (n = 
131; low certainty) [28].

Treatment health states < 12 months from surgery
Utility values within 12 months from surgery for breast 
cancer were compared across different surgeries and dif-
ferent adjuvant therapies, to estimate the disutility of one 
treatment versus another. The disutility of mastectomy 
versus a BCS/partial mastectomy where all patients are 
receiving adjuvant therapy may be at least 0.02 to 0.03 
[27, 29, 33, 47, 49, 52, 61–63]. The range in disutility val-
ues comes from the within-study estimate of 0.03 and 
the between-study estimate of 0.02 [mastectomy HSUV 
0.80 vs. BCS 0.82]. All studies had at least 20% of patients 
receiving adjuvant therapies. Concerns included the risk 
of bias and unexplained inconsistency based on the types 
of adjuvant therapies received as well as an indication 
from direct measurements (in public samples) that the 
disutility may be higher (0.05 to 0.10) [29, 39, 56]. When 
looking at findings among subgroups where patients 
were all receiving chemotherapy or all receiving radiation 
therapy, thus controlling for these variables, the disutility 
of a mastectomy versus BCS was higher (0.04 to 0.08) but 
findings were limited by few studies. We are very uncer-
tain about a major comparison of interest which was 
mastectomy without adjuvant therapy (no evidence) ver-
sus BCS/partial mastectomy with adjuvant radiation (a 
choice often provided for small node-negative estrogen-
receptor-positive breast cancer, a common cancer found 
by screening).

The disutility of adjuvant chemotherapy versus no 
chemotherapy may be 0.02 to 0.04 among a mixed sur-
gical population within 1 year from surgery, due to con-
cerns of inconsistency and indirectness from reliance for 
our estimate on between-study comparison data [36, 38, 
43, 46, 47, 51, 53, 54, 58, 61]. Subgroup analysis by type 
of adjuvant chemotherapy used was not possible due to 
insufficient reporting. There were no apparent outlier 
effects (lower/higher values) based on timepoint used 
in studies. The pooled estimate for no adjuvant chemo-
therapy relied on studies not at high risk of bias (after 
removing 2 studies). The findings indicated a range of 

disutility, with the lower estimate (0.02) from the differ-
ence in pooled effects for the between-study compari-
sons (HSUVs of 0.85 vs. 0.87) and the upper estimate 
(0.04) from comparisons controlling for radiation use 
and for inclusion of stage 0 (i.e., studies without patients 
having stage 0 were thought most relevant to chemo-
therapy treatment and indicated higher disutility from 
chemotherapy).

Comparing adjuvant radiation use versus none within 
1 year from surgery, there is probably little-to-no disu-
tility among those receiving BCS/partial mastectomy 
or mastectomy, where many are also receiving adjuvant 
chemotherapy [27, 29, 33, 34, 36, 47, 52, 58, 61–63]. The 
within- (disutility 0.01) and between-study (HSUVs 0.80 
vs. 0.81) analyses estimates were similar. There were con-
cerns of inconsistency across studies contributing to this 
disutility measure, particularly when the type of surgery 
differed. Findings relied mostly on within-study com-
parisons, though between-study comparisons had similar 
findings when studies where most patients (>80%) were 
receiving chemotherapy were removed. Removing stud-
ies with a high risk of bias did not impact any findings. 
Similar findings within surgical subgroups were found 
in studies using TTO and SG [29, 39, 55]; the scenarios 
in these studies did not describe any receipt of chemo-
therapy and findings suggested that there may be a dis-
utility from radiotherapy among those not receiving 
chemotherapy.

Two studies reported within study utilities for treat-
ment by stage [30, 50]. Neither study included patients 
with stage 0 or IV disease and both studies were consid-
ered to include a mixed surgical and adjuvant therapy 
population. Within 1 year from surgery, among mixed 
surgical and adjuvant treatment populations stages II–III 
versus stage I may have a disutility of 0.02 and stage III 
versus I–II may have a disutility of 0.03 [30, 50]. For these 
findings, there was a lack of consistency, due to one study 
[30] being heavily weighted in the analyses, and concern 
over imprecision. Neither study was at high risk for bias.

Treatment health states > 24 months from surgery
At more than 2 years after surgery, there is probably lit-
tle-to-no disutility from mastectomy versus BCS/partial 
mastectomy with adjuvant radiation [37, 40–42, 52, 57, 
61, 62]. The within- (disutility 0.00) and between-study 
(HSUVs 0.83 vs. 0.84) analyses estimates were similar. 
Most studies used timeframes over 5 years after surgery 
so the findings may be most applicable to at least 5 years 
post-surgery. The within- and between-study analyses 
agreed with each other, once the high risk of bias studies 
were removed from the between-study analyses. There 
were concerns of indirectness due to most data for mas-
tectomy reported by patients using mixed therapies.
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Findings indicated that there is probably little-to-no 
disutility from adjuvant radiation versus none at long-
term follow-up, with moderate certainty due to con-
cerns of inconsistency across studies [37, 40–42, 48, 52, 
57, 61, 62]. The within- (disutility 0.00) and between- 
(HSUVs 0.80 vs. 0.81) study analyses estimates were 
similar; findings for the between-study analyses relied 
on studies not at high risk of bias (removed after sensi-
tivity analysis). Subgroup findings based on type of sur-
gery were consistent with little-to-no disutility in the 
within-study analyses but inconsistent in the between-
study analysis, finding a utility from radiation among 
those receiving BCS and a disutility among those 
receiving mastectomy.

Non-health state utility values
Study characteristics
We included 44 studies [67–110] and four associated 
papers [111–114] that examined preference-based and 
other information to inform the relative importance of 
the potential outcomes from screening. Details about 
the included studies are described within each of the sec-
tions below. Supplementary file 3 contains tables with the 
study characteristics and risk of bias ratings and more 
complete summary of findings tables with the associated 
study findings.

Direct comparisons between outcomes via preference‑based 
data
Table  3 summarizes the findings and certainty of evi-
dence from preference-based studies, by outcomes com-
pared and relevant age group.

All‑cause mortality versus breast‑cancer mortality Two 
studies provided data to inform how women value the 
effects of screening on all-cause versus breast cancer 
mortality. One study used computer-assisted telephone 
interviews based on a convenience sample from primary 
care clinics (n = 106; 45–70 years; 91% previous screen-
ing) with sequential presentation of screening scenarios 
with information on the benefits (no harms presented) 
on (i) breast cancer mortality using relative terms (34% 
reduction), (ii) breast-cancer mortality using absolute 
terms (4 in 1000 screened vs. 6 in 1000 not screened over 
10 years), and (iii) all-cause mortality (“screening will 
reduce deaths from breast cancer but will not increase 
your chance of living longer”) [74]. An RCT studied an 
online decision aid in those aged 50, at first invitation (n 
= 913; 50 years, 33% previously screened), and provided 
information that screening would lead to 1 fewer breast 
cancer death and no reduction in all-cause mortality 
among 200 screened for 20 years (=5 fewer among 1000 

screened) versus 50 FPs (=250 per 1000 screened) and 1 
overdiagnosis in 200 screened (=5 among 1000 screened) 
(duration of harms not noted) [94]; this study did not use 
preference-based methods (e.g., trade-offs, ratings) but 
was considered to provide relevant information directly 
comparing these two specific outcomes. In the inter-
views, women were somewhat less willing to be screened 
after being presented with information on all-cause mor-
tality (definitely = 53% and probably = 31%) than after 
information on breast cancer mortality (definitely = 
78% and probably = 14%) and only 16% of participants 
stated that the information on all-cause mortality should 
definitely be presented to women (40% stated probably), 
compared with 73% and 20% when asked about the abso-
lute effects of breast cancer mortality. In the RCT, there 
were positive intentions to screen for 82% of participants 
after reading the decision aid, 83% had a positive attitude 
about screening, and at 3 months 65% of the women had 
attended the screening. Findings across these studies 
suggest that a large majority (> 75%) of women aged 50 
to 69 years may appraise screening as beneficial even if 
told that it reduces breast cancer but not all-cause mor-
tality. Certainty was low due to the indirectness of the 
data (i.e., one population of screeners and potential con-
founding from other information presented to women in 
the RCT and imprecision around the estimate of a large 
majority which may be an overestimate). Screening was 
portrayed as relatively beneficial for reducing breast can-
cer in these studies though we did not rate down further 
for this factor.

Mortality from breast cancer versus overdiagnosis Our 
main analysis included three studies (N = 1663) of mixed 
age groups from community samples using (i) an online 
survey employing choice sets to determine a maximum 
acceptable ratio of overdetection to breast cancer death 
avoided among four treatment scenarios (Netherlands 
and Australia; n = 803; low risk of bias) [103], (ii) focus 
groups on acceptance of different levels of overdiagnosis 
given the 10-year benefits of screening across age groups 
(Australia; n = 50; low risk of bias) [83], and (iii) an online 
discrete choice experiment (DCE) calculating trade-offs 
within a screening program stopping at age 74 years 
(France; n = 810; moderate risk of bias for description 
of overdiagnosis only involving ductal carcinoma in situ 
[DCIS]) [102]. The two large studies were new to this 
update. In the survey study (45–75 years; mean 58.3 ± 8.9; 
oversampled 45–50 years), 50–57% (varying across types 
of treatment used for overdiagnosis) stated they would 
always participate in screening, even with a 1:6 ratio of 
breast-cancer deaths avoided to cancers overdiagnosed. 
There were no associations between acceptance and age, 
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Table 3 Summary of findings from other preference-based studies, by outcomes compared and relevant age group

* Reasons for rating down certainty: arisk of bias, binconsistency/lack of consistency, cindirectness, dimprecision; for BC mortality versus FPs, there were only some 
concerns about inconsistency and imprecision

BC breast cancer, FP False positive, vs Versus

Included studies
Sample size

Certainty* What does the evidence say?

All-cause vs. BC mortality

50- to 69-year-olds

2 studies [74, 94]
N = 1019 (range 106–913)

⊕⊕⊝⊝
LOWc,d

For patients aged 50 to 69 years, a large majority (>75%) of patients may 
think that reducing breast cancer mortality is beneficial even if there 
is no impact on all-cause mortality. The evidence was limited to relatively 
high rates of breast cancer mortality reductions (2 and 5 fewer per 1000).

BC mortality vs. overdiagnosis

Across all ages

5 studies [83, 102, 103, 106, 109]
N = 2652 (range 50–810)

⊕⊕⊕⊝
MODERATEc

For patients aged 40 years or older, at least a majority (> 50%) and pos-
sibly a large majority (> 75%) of patients probably accept up to 6 cases 
of overdiagnoses to prevent one death from breast cancer.

50- to 69-year-olds

2 studies [82, 108]
N = 1833

⊕⊕⊝⊝
LOWb,c

For patients aged 50 years and older, a large majority of women may 
accept at least 3 overdiagnoses to prevent one death from breast cancer 
though an upper limit was not examined.

BC mortality vs. FPs

Across all ages

3 studies [74, 100, 109]
N = 675 (range 90–479)

⊕⊕⊝⊝
LOWa,d

For patients aged 40 years or older, there may be considerable varia-
tion in preferences though almost all patients may accept that 25–50 
and a majority may accept that a few hundred among 1000 experience 
a FP result to prevent one death from breast cancer over 10 years.

40- to 49-year-olds

2 studies [87, 90]
N = 272

⊕⊕⊝⊝
LOWb,c,d

For patients in their 40s, at least a majority of patients probably accept 
at least 100 and may accept at least 300 FPs per breast cancer death 
prevented over 10 years.

50- to 59-year-olds

3 studies [79, 82, 110]
N = 1483

⊕⊕⊝⊝
LOWa,b

For patients 50–59 years of age, even in scenarios of relatively high 
reductions in breast cancer mortality, FP rates of 80–120 or higher 
per 1000 may be important information for a large minority of patients 
when making decisions about screening.

BC mortality vs. FP biopsies

Across ages

1 study [102]
N = 812

⊕⊕⊝⊝
LOWb,d

For patients aged 40 years or older, a large majority of patients may 
accept that between 10 and 15 people experience a FP biopsy to pre-
vent one death from breast cancer over many years. This trade-off may 
be an overestimate for what is acceptable over a 10-year timeframe.

Stage distribution (reduced advanced disease) vs. FPs

Across ages

3 studies [70, 77, 84]
N = 2881

⊕⊕⊝⊝
LOWa,c

For patients aged 40 years or older, a large majority of patients may 
accept that at least 25 people experience a FP to prevent one advanced 
stage breast cancer.

Stage distribution (reduced advanced disease) vs. FP biopsies

Across ages

2 studies [77, 84]
N = 2481

⊕⊕⊝⊝
LOWa,c

For patients aged 40 years or older, a large majority of patients may 
accept that at least 4 people experience a FP biopsy to prevent one 
advanced-stage cancer.

Treatment-related morbidity (reduced mastectomy) vs. FP 

Across ages

1 study [70]
N = 400

⊕⊕⊝⊝
LOWb,d

For patients 40 or older, avoiding mastectomy may be much more 
important than experiencing a FP for a majority of patients.



Page 17 of 29Pillay et al. Systematic Reviews          (2024) 13:140  

previous experience of a FP or FP biopsy, or having a 
friend or relative with breast cancer. Previous screening 
was associated with higher acceptance of overdiagnosis 
for all scenarios (p < 0.001). Only 33% of participants in 
this study were correct when asked to identify the defi-
nition of overdiagnosis in a knowledge test. Among the 
focus group participants (ages 40–79 years; 38% <50 
years), 30% overdiagnosis (i.e., 11 among 38 cancers; on 
average 5:1 ratio compared with benefits portrayed) was 
acceptable and of limited impact and 50% overdiagnosis 
(i.e., 19 among 38 cancers; 10:1) was thought to possibly 
deter some women, especially younger women, or neces-
sitate careful consideration by others. In the DCE (40- to 
74-year-olds; 37% <50 years), a mean of 14.1 overdiagno-
ses were acceptable for preventing one death from breast 
cancer; a majority (>50%), a large majority (≥75%), and 
almost all (≥ 90%) would accept < 10:1, ≤ 6:1, and ≤ 4:1. 
The studies consistently found that at least a majority of 
patients will accept up to 6 cases of overdiagnosis to pre-
vent one breast cancer death. Though somewhat incon-
sistent, the number accepting this ratio may be a large 
majority. There is uncertainty about whether these trade-
offs would be acceptable in situations where the outcome 
was well understood and in view of this we rated down 
for indirectness  (from using an uninformed exposure). 
The findings appear to apply across 40- to 70-year-olds.

Two other studies among mixed age groups at high risk 
of bias were examined but not considered to inform the 
main analysis: an online survey eliciting simple trade-offs 
(UK; n = 510; mean 46.9 years) [106] and a study asking 
about the relative importance of these outcomes when 
making decisions based on a decision aid (Hong Kong; n 
= 90; mean age 54 years; very few previously screened; 
< 20% had heard of mammography) [109]. Findings from 
two other studies of women between 50 and 69 years of 
age support the above conclusions (see Supplementary 
file 3) [82, 108].

Mortality from breast cancer versus FPs and FPs after 
biopsy Three studies from the previous review reported 
on the relative importance between breast cancer mor-
tality and FPs across all ages. One population-based sur-
vey conducted in 2000 in the US (n = 479) found that 
FPs were highly acceptable, with 80%, 63%, and 37% of 
respondents saying they would accept 100, 500, or 10,000 
or more FPs per life saved over a 10-year timeframe [100]. 
About 20% of the sample was aged under 35 years, which 
caused concern about the risk of bias. During telephone 
interviews within a primary care clinic (n = 106; ages 
45–70 years), a ratio of 25:1 did not change willingness to 
screen (78%) or positive attitudes (85%) towards screen-
ing [74]. Based on the data presented, both breast cancer 
mortality and FPs were very important or important for 

most (95% and 87%) participants to know when mak-
ing decisions to screen. One other study (n = 90) at high 
risk of bias reported that information about BC mortality 
(20% relative risk reduction) and FPs (10%) was impor-
tant for decision-making in 22% and 5% of participants, 
respectively [109].

Findings from two US studies (N = 272) among women 
in their 40s attending primary care clinics also suggest 
that a majority may accept at least a few hundred FPs to 
prevent one breast cancer death (Supplementary file 3) 
[87, 90]. An upper limit of the highest acceptable num-
ber of FPs was not evaluated. Among women 50–59 years 
of age, a specific trade-off could not be estimated but 
data from three studies (N = 1483) indicated that even 
in scenarios of relatively high reductions in breast can-
cer mortality, FP rates of 80–120 or higher per 1000 may 
be important information for a large minority of patients 
when making decisions about screening [79, 82, 110].

In the DCE (n = 810) using a mixed-age community 
sample also included above for comparing mortality with 
overdiagnosis, the mean willingness-to-accept value for 
FP biopsies per prevented breast-cancer death was 47.8 
when screening until age 74; 95% accepted between 6.7 
and 127.3 FP biopsies; 92% 10 FP biopsies, 63% 20 FP 
biopsies, and 48% 30 FP biopsies [102]. Those with reg-
ular screening history were willing to accept more FPs 
(22% higher). The estimated trade-off of 10–15 for a large 
majority of patients may be an overestimate for what is 
acceptable over a shorter timeframe.

Stage distribution (reduced advanced disease) versus FPs 
and FP biopsies Three studies reported on the rela-
tive importance between stage distribution and FPs. In 
Singapore, trained interviewers administered a DCE (n 
= 400; 40- to 64-year-olds; 52.1 ± 7.3 years) with attrib-
utes including stage distribution (i.e., breast cancer sur-
vival rates of 25% [late stage], 50%, 65%, and 90% [early 
stage]) and FPs (5%, 15%, and 30%) [70]. Independent of 
the other attributes, when cancer survival rates changed 
from 25 to 90%, 14.5% more participants stated they 
would undergo screening; uptake only increased by 
1.4% when the FP rate was reduced from 30 to 5% (25-
unit change). Two older US studies (excluded in the last 
review due to no weighing of mortality) employed the 
same questionnaire to determine willingness to accept 
more FPs (15% vs. 10%) in order for the chance that if 
cancer is diagnosed it may be detected earlier (described 
as 1 in 200 cancers found vs. 1 in 300) (i.e., 50 more FPs 
vs. 2 cancers detected earlier per 1000) [77, 84]. Earlier 
detection is assumed to be interpreted as smaller and 
more curable cancer, but is judged as indirect for the 
advanced stage outcome. In one of the studies enroll-
ing 97% Caucasians (n = 1570, 41% 40–49 years), the 
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large majority (86%) agreed that this trade-off would be 
acceptable [77]. Subgroups found small differences (5% 
at most) between groups for the variables of previously 
screened, previous FP or invasive procedures, age (< 60 
vs. ≥ 60 years), and family history of breast cancer. The 
other study was undertaken among an underserved and 
predominantly minority population (n = 911, 32% 40–49 
years), with more White than Black and Hispanic women 
agreeing (76% vs. 54% and 59%) and fewer being unsure 
(11% vs. 27% and 24%) about the trade-off’s acceptance 
[84]. Both studies used clinical samples of patients aged 
40 or older, and participants were recruited while attend-
ing their mammography appointment which was con-
sidered a risk of bias. This questionnaire was not tested 
by potential participants for its understanding. Many 
women in both studies greatly overestimated the chance 
of breast cancer being detected on one screening visit 
which may have further impacted their answers. These 
two US studies also examine early diagnosis compared 
with FP biopsies (data representing 8 more FP biopsies 
to detect 2 cancers earlier, per 1000), finding that a large 
majority of patients (possibly fewer in Black and Hispanic 
women) may accept that at least four people experience a 
FP biopsy to prevent one advanced stage cancer. Low cer-
tainty evidence suggested that a large majority of women 
may accept at least 25 FPs and 4 FP biopsies to save one 
life from breast cancer.

Treatment‑related morbidity versus FPs The DCE from 
Singapore (n = 400) also included an attribute related 
to type of surgery (3 levels: no change, changes in feel/
appearance of breast, or lose an entire breast) for com-
parisons with FPs (5%, 15%, and 30%) [70]. Independent 
of the other attributes, compared with no change, not los-
ing a breast increased acceptance by 4.8%, and not having 
a change in appearance increased acceptance by 2.1%, 
compared with the increased acceptance of 1.4% with a 
large change in FPs from 30 to 5%. Findings suggested 
that avoiding mastectomy may be much more important 
than experiencing a FP for a majority of patients.

Indirect comparisons of the relative importance 
of the potential benefits and harms
Data for this group of findings was categorized by its rel-
evance to age and to our assessments about the benefit-
to-harm ratio (net benefit) of the information provided to 
participants. In relation to the main outcomes considered 
important for decision-making by the task force, stud-
ies generally provided data about the expected effects 
of screening on breast cancer mortality, FPs, and over-
diagnosis. Few studies commented on the possibility of 
lower treatment morbidity from detecting cancer earlier 

and avoiding some treatments such as chemotherapy. 
Apart from two studies of women in their 40s [89, 92], 
one of 50-year-old women [94], and one of 70–71-year-
olds [88], studies did not provide information about all-
cause mortality. False positives were usually described 
as abnormal findings (or suspicious of cancer) requiring 
more tests that show there is no cancer, without men-
tion that in many cases the screening test result could 
also be incomplete or probably benign. Findings of at 
least low certainty for women starting (40-49 years) and 
stopping (70 years and older) screening are presented in 
detail here, but Table 4 contains all summary statements 
and Supplementary file 3 contains a detailed summary of 
findings tables for all categories and a full narrative for all 
data for women 50–69 years of age.

40 to 49 years Ten studies (N = 7405, range 12 to 2918) 
[75, 76, 86, 89, 92, 95–97, 101, 105], four new to this 
review (N = 3814) [86, 95, 97, 105], included patients in 
their 40s. Five studies were conducted in the USA [76, 96, 
97, 101, 105], and one each was conducted in Spain [86], 
Italy [95], Canada [75], New Zealand [92], and Australia 
[89]. Three studies included a broader age range (n = 
1001, aged 49.7 [SD 3.2] [95]; n = 2120 aged 49.5 [SD 7.8] 
[105]; n = 46, aged 35–59 [63% < 50] [75]) though in one 
of these [75] there were findings presented by age group.

Three studies (N = 459) from the previous review pre-
sented information indicating relatively low net benefit 
from screening (i.e., 0.5 breast cancer deaths prevented 
in 1000, 239–330 FPs and 2 to 10 overdiagnoses per 1000; 
2 studies also portrayed 0.5 all-cause deaths prevented in 
1000) [89, 92, 96]. Two studies [89, 92] enrolled commu-
nity samples whereas the other [96] used a wide recruit-
ment strategy across community and healthcare settings. 
All three studies were rated at moderate risk of bias either 
for some concerns about missing data and/or inadequate 
response rates, or for inadequate description of overdi-
agnosis (i.e., not described as including cancer). Ten of 
11 women in a citizen’s jury in New Zealand changed 
their mind from being for to against public provision of 
screening for ages 40–49 [92]. A video intervention in 
a US study (n = 35) reduced scores about the benefits 
being greater than the harms (− 0.65 on a 5-point scale; 
[p < 0.001]) [96]. This intervention also lowered inten-
tions to screen (pre: 85% intended and 6% unsure vs. 
post: 49% intended and 20% unsure). In the RCT from 
Australia (n = 412, 27% having previously screened), 39% 
had no intentions (18% were unsure) to screen in their 
40s after using an online decision aid [89]. 95% of par-
ticipants in this RCT were judged to have adequate con-
ceptual and numerical knowledge after using the decision 
aid. Our summary that a majority of patients in their 40s 
may not weigh the benefits as greater than the harms 
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Table 4 Summary of findings from studies providing indirect evidence on preferences between potential benefits and harms of 
screening

* Reasons for rating down certainty: arisk of bias, binconsistency/lack of consistency, cindirectness, dimprecision; the capital C for ratings among 40- to 49-year-olds in 
the relatively moderate net-benefit scenario indicates very serious concerns for indirectness from the mean age being 49.5 years

Included studies
Sample size

Certainty* What does the evidence say?

40 to 49-year-olds

Relatively low net benefit scenario

3 studies [89, 92, 96]
N = 459

⊕⊕⊝⊝
LOWc,d

In a relatively low net benefit scenario, a majority of patients in their 40s may not weigh 
the benefits as greater than the harms from screening.

Relatively moderate net benefit scenario

1 study [105]
N = 2120

⊕⊝⊝⊝
VERY  LOWb,C

⊕⊕⊝⊝
LOWb,d

In a relatively moderate net benefit scenario, it is unclear how patients in their 40s 
weigh the benefits as greater than the harms from screening.
Information on overdiagnosis may be quite important for many women.

Relatively high net benefit scenario

6 studies [75, 76, 86, 95, 97, 101]
N = 4826

⊕⊕⊝⊝
LOWb,c

In a relatively high net benefit scenario, a majority but possibly not a large majority 
of patients in their 40s may weigh the benefits as greater than the harms from screen-
ing. Preferences may be similar for patients with different levels of breast cancer risk.

50- to 69-year-olds

Relatively low net benefit scenario

Focus on 50- to 59-year-olds

3 studies [68, 81, 105]
N = 2481

⊕⊕⊝⊝
LOWb.c

In a relatively low net benefit scenario, a large majority of 50- to 59-year-old patients 
may weigh the benefits as greater than the harms from screening.

Relatively moderate net benefit scenario

Focus on 50-year-olds

1 study [82]
N = 879

⊕⊕⊕⊝
MODERATEc

In a relatively moderate net benefit scenario, a majority and possibly a large major-
ity of patients 50 years old probably weigh the benefits as greater than the harms 
from screening.

Ongoing screening in 50 to 69-year-olds

1 study [67]
N = 20

⊕⊝⊝⊝
VERY  LOWa,b,c

In a relatively moderate net benefit scenario, it is uncertain how 50- to 69-year-old 
patients weigh the benefits versus harms of screening.

Relatively high net benefit scenario

Focus on 50-year-olds

5 studies [69, 78, 93–95]
N = 6904

⊕⊕⊕⊝
MODERATEc

In a relatively high net benefit scenario, a large majority of 50-year-old patients prob-
ably weigh the benefits as greater than the harms from screening.

Ongoing screening in aged 50-69 years

6 studies [71, 75, 80, 85, 104, 107]
N = 16,864 (1 RCT 16,000)

⊕⊕⊕⊝
MODERATEc

In a relatively high net benefit scenario, a large majority of 50- to 69-year-old patients 
probably weigh the benefits as greater than the harms from screening.

70 years and older

Relatively moderate-to-low net benefit scenario

70 to 71-year-olds

1 study [88]
N = 734

⊕⊕⊕⊝
MODERATEc

In a moderate-to-low net benefit scenario, a large majority of patients 70–71 years 
of age who have recently screened probably think the benefits outweigh the harms 
of continuing to screen.

75 years and older

3 studies [73, 98, 99]
N = 634

⊕⊕⊝⊝
LOWc,d

For patients aged 75 years to their early 80s who have recently screened, a majority 
but possibly not a large majority may weigh the benefits as greater than the harms 
for continuing to screen under a moderate-to-low net benefit scenario. It is unclear 
what impact life expectancy has on this preference.

Relatively high net benefit scenario

70 years and older

2 studies [72, 91]
N = 73

⊕⊝⊝⊝
VERY  LOWa,c,d

Under relatively high net benefit scenarios, it is uncertain how patients 70 years old 
and over weigh the benefits and harms.
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from screening in a relatively low net benefit scenario is 
of low certainty because of concerns about indirectness 
and imprecision (i.e., a majority may be an overestimate).

One new study (n = 2120) at low risk of bias was judged 
to present a moderate net benefit scenario for this age 
group (i.e., 2 fewer breast cancer deaths, 160 FPs and 20 
overdiagnoses in 1000 over 11 years) [105]. Though very 
low certainty for any outcome valuation, the findings sug-
gested that information on overdiagnosis may be quite 
important for many women (Supplementary file 3).

Six studies (N = 4826; three new to this review) were 
judged to present relatively high net benefit scenarios [75, 
76, 86, 95, 97, 101], with benefits presented only using rel-
ative effects (e.g., 20% reduction) or a natural frequency 
that was judged as high (e.g., 1 in 200 prevented breast 
cancer deaths, 12 vs. 20 in 1000), and/or not presenting 
any numerical information on overdiagnosis. One study 
was at low risk [86] and five were at high risk of bias. Four 
studies provided patients with their own predicted risk 
for breast cancer [76, 86, 97, 101]; in three, there was also 
the opportunity to discuss the information during a clinic 
visit [76, 86, 97]. One of these was focused on attitudes 
regarding personalized screening, but also examined 
overall attitudes about screening [86]. The other studies 
either examined subgroups based on the 5-year risk for 
breast cancer (i.e., above and below 1.1% and 1.7% 5-year 
risk), split their study population by low (< 1.5% risk) and 
elevated risk (≥ 1.5%; excluding high risk), or reported 
narratively on analysis by risk.

Positive attitudes regarding screening were reported 
as high (88% and 92%) in two studies, though one (n = 
1001) [95] enrolled patients aged 45 and older with a 
mean age of almost 50 and the other (n = 387) [86] also 
found that there were positive attitudes (62.7%) towards 
personalized screening (e.g., limiting screening to higher-
risk women in their 40s) and a preference (27%) for per-
sonalized versus “current” screening. Very few (1.5%) 
patients in the study on personalized screening demon-
strated adequate conceptual and numerical knowledge of 
breast cancer mortality, FPs, and overdiagnosis despite 
that provision of the information was facilitated by a pro-
fessional. Another study (n = 168) reported that 83% of 
participants strongly agreed or agreed that the potential 
benefits outweigh the risks [76].

When examining data on intentions to screen, the one 
study reporting data across a broader age range found 
that 98–99% (across two eligible interventions) had 
positive intentions [95], whereas in three other studies 
focused on screening in one’s 40s, fewer patients had 
intentions (e.g., 77% attended screening or planned to 
schedule a mammogram over the next 6 months [76], 
19–31% would not screen during their 40s/would wait 

until they were 50 [75], mean score of 68 (standard 
deviation 40) on 0–100 intentions scale [97]). The study 
examining personalized screening found that intentions 
were high (92%) for personalized screening [86]. Fur-
ther, in the Canadian study (n = 46) asking participants 
in focus groups when people should start screening, the 
authors assessed that 21% of 35- to 49-year-olds chose 
age 40 [75].

Two studies measuring screening attendance found 
conflicting results, with attendance at 16 ± 5.4 months 
of 42% in one US study of clinic patients (having a fairly 
diverse sample with 36% non-Caucasian) [97] and at an 
unknown follow-up of 84% in another study that had a 
large proportion of patients in their 50s [95].

Apart from the study reporting on some preference 
for personalized screening, three other studies report-
ing findings by risk group found some inconsistency 
but at most small differences in preferences. The largest 
study (n = 2918) reported fairly similar screening inten-
tions between groups, with 19–24% (across four different 
interventions providing numerical data) of those at low 
risk deciding to wait until their 50s and 24–31% of those 
at high risk not planning to start or continue screening 
during their 40s [101]. In another study (n = 306), inten-
tions to screen (over the next year) were lower for those 
at lower risk (63 to 67 on a 0–100 scale) than at higher 
risk (77 to 87 on a 0–100 scale) [97]. The third study (n = 
168) reported that there was no association between the 
predicted breast cancer risk and actual or intended use of 
screening (77% across all patients) [76].

70 years and older Four new studies (N = 662) [72, 
73, 91, 99] were added to the two (N = 779) [88, 98] 
included in the last review. Five studies included recent 
(within the past 1 or 2 years) screening attendees either 
70–71 years of age (1 study; n = 734; Australia) or aged 
75 years or older (4 studies N = 648; all US). Another 
US study (n = 59) included 70- to 92-year-olds, of which 
91% had any previous screening. All studies relied on 
primary care or screening program lists for recruit-
ment, with one also recruiting among community set-
tings. The five studies focusing on decision-making 
about whether to continue screening in recent screen-
ers used decision aids presenting age-specific informa-
tion on the benefits and harms of screening, and about 
life expectancy and competing causes of death for older 
women [72, 73, 88, 98, 99]. Two studies were rated at 
high risk of bias [72, 91].

Analyses using what was judged as a moderate-to-
low net benefit scenario were separated by the differing 
focus on age. A low risk of bias RCT (n = 734) in Aus-
tralia compared a decision aid to a standard brochure 
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among 70- to 71-year-old recent screeners [88]. Data 
on breast cancer and all-cause mortality (each with 2 
lives saved per 1000 over 10 years) and harms (135 FPs, 
15 overdiagnoses and 9 interval cancers) was included 
as well as for other outcomes (false negatives, reassur-
ance, cancer from radiation). 95% of participants’ atti-
tudes remained positive towards screening and 86% 
intended (with 5% more unsure) to continue screening. 
At 1-month follow-up, 6% had participated in screening 
and 76% indicated they were in the process of arrang-
ing to be screened. We rated the certainty at moderate, 
for indirectness from the use of intentions and possibly 
consideration by participants of other outcomes; there 
were some concerns about reliance on one study but 
because the study was large with a low risk of bias and 
an applicable population, we did not rate down further.

One RCT (n = 546) [99] and two pre-post trials (N 
= 88) [73, 98] among US primary care clinics meas-
ured screening intentions and, in two studies [98, 99], 
screening attendance after exposure to a decision aid 
for women aged 75 and older. In all studies, there was 
the opportunity to use the decision aid during a clinic 
visit. All of the aids depicted a reduction of breast can-
cer mortality by 1 per 1000 screened (e.g., 3 vs. 4 die 
in 1000) but in two the time horizon was 5 years [98, 
99] whereas in the other (n = 43) [73] it was 10 years. 
The decision aids in the RCT and one other study also 
mentioned that 4 women in 1000 screened would avoid 
a large cancer. Overdiagnosis was described to occur in 
11 to 13 per 1000 screened as were FPs in 100–200. The 
decision aid used in the RCT and one of the pre-post 
trials also had a statement that “doctors do not know 
if mammograms benefit women age 75 or older”. In the 
RCT, screening intentions reduced (by ≥ 1 level on a 
15-point scale) for 24.5% of those viewing the deci-
sion aid and attendance over 18 months was 51%. No 
apparent effect modification on receipt of screening 
was found by patient age, educational level, life expec-
tancy, or breast cancer risk (≥ 3 vs < 3% 5-year risk). 
A pre-post trial (n = 45) [98] by the same investigators 
found that 56% stated intentions to continue screening 
(vs. 82% at pre-test) and 63% attended screening by the 
15-month follow-up. Both intentions and attendance 
were impacted by life expectancy in this small study, 
with those having < 9 years of life expectancy having 
lower intentions (50% vs. 63%) and attendance (52% vs. 
78%). The other pre-post trial presented a slightly lower 
benefit-to-harm ratio (e.g., 1 life saved over 10 years 
vs. 200 FPs and 13 overdiagnosis) and only extracted 
data on intentions based on notes in 18 patient records 
from documented discussions with a physician; 67% of 
records had a note for continuing screening, 22% noted 
a discontinuation, and 22% noted indecision [73]. The 

applicability of these findings may be specific to previ-
ous screeners. There was also concern about impreci-
sion around our estimate of the proportion preferring 
screening.

Discussion
This systematic review update on the relative importance 
placed by patients on the potential benefits and harms 
of breast cancer screening was conducted to inform an 
update to the 2018 Canadian Task Force for Preventive 
Health Care’s guideline on breast cancer screening [11]. 
The review captured three main types of preferences, 
directly, through (i) HSUVs to estimate the disutility from 
health states related to screening (including a screen-
detected cancer diagnosis), from different surgical and 
adjuvant treatments, and by stage of cancer during treat-
ment, and (ii) data from other preference-based stud-
ies, such as DCEs, or simple rating scales or trade-offs 
between specific outcomes, and indirectly through (iii) 
attitudes, intentions, and/or behaviors towards screen-
ing after being informed about the expected benefits and 
harms (inferred as the relative importance of the poten-
tial benefits vs. harms).

Summary and considerations of health state utility values
After determining an estimate of the utilities of a healthy 
screen-eligible population (0.94) and four screening 
states, the estimated disutilities were 0.07 for a positive 
screening result, before diagnostic work-up (moderate 
certainty); 0.03–0.04 for a FP requiring imaging and, if 
necessary, biopsy (low certainty); 0.08 for a true-posi-
tive result/untreated screen-detected cancer (moderate 
certainty); and possibly also 0.08 for an interval cancer 
(low certainty). These values are likely most applica-
ble to women under 70 years of age. They may also be 
slightly overestimated based on comparisons between 
the HSUVs in the healthy screening populations (0.94) 
we used and the population norms (where not every-
one is eligible for screening) reported for a Canadian 
province (Alberta) using the EQ-5D which were in the 
range of 0.82–0.83 (±0.15) for people 45–74 years of age 
[66]. Nevertheless, we chose to rely on the 0.94 estimate 
because it came from populations comparable to those in 
the studies reporting on screening states; further, the util-
ity values for some health states examined in our review, 
such as chemotherapy (0.85, mostly using EQ-5D for 
measurement), were higher than those estimated for the 
population norms suggesting that the utility of a healthy 
screen-eligible population is higher than these popula-
tion norm estimates.

At 12 months or less from surgery, the disutilities 
of having a mastectomy (vs. BCS), chemotherapy (vs. 
none), and radiation therapy (vs. none) were 0.02–0.03, 
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0.02–0.04, and little-to-none, respectively, though in each 
case the findings were limited in their applicability to 
patients receiving adjuvant therapies (for mastectomy vs. 
BCS), to a mixed surgical population (chemotherapy vs. 
none) and to many also receiving chemotherapy (radia-
tion vs. none). From data on longer-term health states, 
there was moderate certainty for little-to-no disutility 
from mastectomy versus BCS with radiation (most appli-
cable to 5 or more years after surgery) and from radia-
tion, whereas the evidence for chemotherapy, ALND, and 
treated advanced versus early stage was uncertain.

Disutilities for the treatment states, particularly for 
receipt of chemotherapy, were lower than we anticipated. 
Because of this, we added post hoc additional subgroup 
analyses to the chemotherapy analysis, for radiation 
exposure and stage of disease, and to the radiation analy-
sis for chemotherapy exposure. These additional analyses 
revised our estimates slightly for chemotherapy—from 
the pooled disutility of 0.02 (from the main analysis) to 
a range between 0.02 and 0.04 (from findings that the 
disutility may be 0.04 if controlling for radiation exposure 
and focusing on people with invasive cancers)—though 
the disutility remained fairly low. There may be some 
explanations for this. Generally, chemotherapy lasts a 
short time (i.e., 3–4 months; though can still have late/
long-term effects) whereas endocrine therapy can cause 
low-grade yet persistent side effects over the course of 
5–10 years. Endocrine therapy can cause significant 
physical and cognitive impairments (hot flashes, depres-
sion/anxiety, sleep disturbances, weight gain, musculo-
skeletal pain) which impact significantly women’s lives 
even if they do not receive chemotherapy. Further, some 
women with a very low risk of distant recurrence face 
challenges in deciding whether to take (daily) endocrine 
therapy. For example, women with very low clinical risk 
breast cancer can expect a 1–2% absolute survival ben-
efit (at 5–10 years) from 5 years of endocrine therapy and 
must balance this small benefit with a range of harms/
side effects mentioned above. This decision is especially 
challenging as choosing against endocrine therapy likely 
means accepting a certain risk of recurrence. The low 
disutility for mastectomy (relative to BCS) may be in part 
explained by women having a “false sense of security” 
believing that having mastectomy (or bilateral mastec-
tomy) will mean that there is no (or limited) risk of recur-
rence. These women may fail to appreciate that neither 
surgical approach (nor radiation) decreases the risk of 
distant recurrence (i.e., metastatic recurrence) which if it 
occurred would negatively impact survival.

An additional consideration is that the utility-
based tools available measure generic HRQoL, which 
may not adequately capture specific aspects of breast 

cancer treatment, such as the psychological impact 
of change in body image, sexuality, and vulnerability 
that may be captured in disease-specific HRQoL tools. 
When comparing HSUVs across different health states, 
including those during screening and treatment, there 
is the need to rely on similar measures of HSUV to 
avoid systematic bias due to different measurements 
rather than true differences in the health states. Across 
several health states, including a FP, there are possi-
bly important psychosocial symptoms (e.g., anxiety, 
fear of recurrence) not captured as impacting generic 
HRQoL; however, these potential harms were not the 
focus of this review. The evidence in our review mainly 
came from the use of the EQ-5D instrument as this is 
commonly used; this tool may provide higher estimates 
of utilities than would other direct measurement tech-
niques including TTO or SG, though this was difficult 
to verify since the use of these tools in the included 
studies was limited and mostly employed public ver-
sus patient samples. Further, the relative effects when 
comparing utilities across health states may be quite 
similar despite the method used.

When using disutilities to compare the importance 
of the relevant outcomes, the expected average dura-
tion of each health state needs to be considered. For 
example, while there is probably an important disutil-
ity from a positive screening result, if there is no can-
cer this level of disutility may only persist until the 
woman receives a diagnostic work-up to rule out the 
cancer. After this point, the patient would be expected 
to transition to the state of a FP result (with its associ-
ated disutility) for some duration of time that would 
in many cases not last as long as the health states of 
a cancer diagnosis and treatment. The relative impor-
tance of the outcomes may make use of a ratio of utili-
ties, but standardization of the values to a common 
timeframe would be necessary (e.g., scaled to per 
month, one scenario may be that the importance of a 
treated cancer state lasting on average 24 months [24 
× disutility of 0.12–0.14= 2.88–3.26] may be 13–16 
times larger than the experiences of someone with a 
FP for whom there would be the initial positive screen-
ing test result and then the awareness of a FP health 
state, each lasting on average 2 months [(2 × 0.07) + 
(2 × 0.03–0.04) = 0.20–0.22]). Either health state may 
be even more important if even a very small remain-
ing disutility lasts for many months or years (such as 
is the case for endocrine therapy). Another way to 
use this information is to compare the disutilities to a 
minimally important difference for the measurement 
instrument; one estimated MID for the EQ-5D among 
a general population in Canada is 0.037 [7]. From this 
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perspective, the disutilities of a positive screening 
result, screen-detected cancer, FP, and surgery with 
or without adjuvant radiotherapy or chemotherapy all 
appear to be important, though likely for different and 
possibly varying durations.

Summary and considerations of additional data 
on preferences
From preference-based data where trade-offs between 
specific outcomes were reported or estimated based on 
study data, there was moderate certainty that a majority 
(> 50%) and possibly a large majority (> 75%) of women 
across all ages probably accept up to six cases of overdi-
agnosis to prevent one breast-cancer death. There was 
some indication that almost all would accept up to three 
overdiagnoses. Similar to several analyses in this review, 
but perhaps most relevant here, there was concern about 
findings based on data from knowledge tests within the 
studies indicating that many women do not completely 
understand the concept of overdiagnosis despite being 
provided with explanations. Other evidence was of low 
certainty but suggested that a large majority of women 
aged 50–69 years may think that reducing breast can-
cer mortality (using relatively large rates of breast can-
cer mortality reduction) is beneficial even if there is no 
impact on all-cause mortality, and that a majority of 
women accept that to prevent one breast-cancer death at 
least a few hundred patients will receive a FP result and 
at least 10–15 will have a FP resolved through biopsy. 
Despite this high acceptance, most women of all ages may 
find it important to have information on the magnitude 
of risk for the FP outcomes prior to choosing to engage 
in screening. Further, a large majority of patients may 
accept that at least 25 people experience a FP, and/or 4 
require a biopsy to resolve a FP, to prevent one advanced 
stage breast cancer.

When using data from studies assessing attitudes, 
intentions, and screening behaviors, across all age groups’ 
preferences reduced as the net benefit presented by study 
authors reduced in magnitude. This was most evident 
for women in their 40s where the magnitude of benefits 
dropped substantially from the high (e.g., 1 prevented 
breast cancer death in 200 screened over 10–30 years, 
15–20% relative reduction, or no information on overdi-
agnosis) to low (i.e., 0.5 fewer deaths [all-cause and from 
breast-cancer] per 1000 screened over 10 years) net-ben-
efit scenarios. In the low net-benefit scenario, evidence 
suggested (with low certainty) that a majority (>50%) of 
women in their 40s may think the harms outweigh the 
benefits, whereas for women in their 50s a large major-
ity (>75%) may prefer screening. For the women in their 
40s, there was an indication in the studies portraying a 
low net benefit that all-cause mortality would be reduced 

to a similar extent as breast-cancer mortality. It is unclear 
how these women would respond if told there may not 
be a reduction in all-cause mortality. There is some indi-
cation from the direct evidence in this review that infor-
mation about a lack of reduction in all-cause mortality 
may not change preferences for screening for a large 
majority of women, yet this evidence came from studies 
portraying a relatively larger net benefit and including 
mostly older women. There was moderate certainty that 
a large majority of women aged 50 and 50–69 years, who 
have mostly undergone screening, weigh the benefits as 
greater than the harms from screening in a high net-ben-
efit scenario. Among the five studies of women aged 50, 
one study [94] mentioning all-cause mortality (indicating 
no reduction from screening) had similar findings to the 
others. Further, a large majority of patients 70–71 years 
of age who have recently screened probably think the 
benefits outweigh the harms of continuing to screen. A 
majority of women in their mid-70s to their early 80s may 
prefer to continue screening; it is unclear what impact 
life expectancy has on this preference but women were 
told about other competing causes of death and indicated 
their preferences in the presence of a physician when 
there may have been discussions on this topic. The deci-
sion aids used in two of these studies, though presenting 
data on possible reductions in breast-cancer mortality, 
also had statements about the uncertainty by doctors 
about whether mammograms benefit women age 75 or 
older. Many of the women in the studies for those above 
50 years had been previously screened, and though some 
within-study data found no impact of this experience on 
the preference data there is empirical support that past 
screening behaviors are independently predictive of 
future screening intentions and behaviors [10, 115, 116]. 
A belief perseverance seems to exist for some women, 
whereby the behavior persists despite being given infor-
mation that may otherwise contradict their values.

Comparison with other existing evidence
The findings of this review are fairly similar to those of 
our previous review. For this update, we added data on 
HSUVs, formally added GRADE certainty assessments, 
and attempted to better quantify the relative effects (e.g., 
trade-offs) and proportion of women each finding related 
to. The approach to analysis for the non-HSUV data was 
otherwise quite similar, though we were able to examine 
more data within subgroups of women in their 50s (i.e., 
starting to screen at 50 vs. ongoing screening during 
50–59/69 years) and their 70s. We also added compari-
sons between non-mortality benefits (e.g., advanced-
stage cancer) and possible harm outcomes. In the group 
of preference-based studies, we added two large stud-
ies (n = 1613) [102, 103] for the trade-off between 
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overdiagnosis and breast cancer mortality, and now have 
more confidence and greater clarity about this data. For 
the group of studies measuring preferences indirectly, 
five of six studies related to screening in 40- to 69-year-
olds presented data using a high net-benefit scenario; the 
relevance of this exposure will depend on the appraisal 
of the clinical evidence of screening effectiveness by the 
task force or other stakeholders. We also added four new 
studies [72, 73, 91, 99] to the previous two examining 
screening in one’s 70s and now have low certainty that 
at least a majority of women in their mid-70s to their 
early 80s may prefer to screen assuming a moderate-to-
low net benefit (i.e., 1 fewer deaths vs. 100–200 FPs and 
11–13 overdiagnoses per 1000) may be attained. Because 
most of the studies continue to avoid providing any 
information about estimates of reduction (or possibly 
lack thereof ) in all-cause mortality, there remains some 
uncertainty about whether and how findings would differ 
based on different estimates of effects for this outcome.

Several other reviews including utilities in breast 
cancer exist, each having different eligibility criteria, 
exposures of interest, and methodological approaches 
[117–123]. The largest one that also included screening 
health states had fairly similar findings when comparing 
exposures of interest for our review [119]. On average 
across the ranges in utility values in the included studies, 
this review found that the HSUVs were slightly lower for 
mastectomy than BCS, and from chemotherapy. Further, 
their regressions across a wide range of measurement 
tools, samples (e.g., patients, public, healthcare profes-
sionals), and countries found no disutility (measured via 
coefficients; referent screening) from a noninvasive diag-
nostic test and quite similar values for surgery with radia-
tion and for chemotherapy. Findings for advanced- versus 
early-stage cancer showed a small disutility but were not 
significant. These authors did not conduct study qual-
ity assessments or assessment of the certainty of their 
findings.

Strengths and limitations of the review
Our review was conducted following current guid-
ance for systematic reviews of patient preferences for 
guideline developers. We critically appraised all stud-
ies; carefully analyzed the data with consideration of 
the variability across populations, exposures, and out-
come measurements; and assessed the certainty about 
our summary statements. There is a small chance that 
we missed one or more studies from applying machine 
learning during screening, though our quality check 
indicates this would be quite unlikely and our findings 
across numerous outcomes and comparisons are thought 
robust in the absence of any additional information if it 
exists. Our database searches were highly sensitive and 

peer-reviewed to avoid missing studies as much as pos-
sible. All data extractions and risk of bias assessments 
were verified by senior reviewers with experience in this 
type of review question. Despite this, our lack of dupli-
cate work, especially for the risk of bias assessments, may 
have led to a few more errors than expected.

For examining preferences, we focused on empirical 
studies where women had either experienced the out-
comes of interest (with their utility [impact on HRQoL] 
measured) or had been provided with information on the 
expected magnitude of effects. It is well documented that 
uninformed people overestimate the beneficial effects 
of screening [124] and often do not have any aware-
ness or conceptual understanding of overdiagnosis [125, 
126], such as when nonlifesaving early-stage breast can-
cer detection is not viewed as a harm but rather a ben-
efit when discussed among social networks [127]. It 
was evident that in some cases the studies we examined 
had other potential biases, such as responder bias with 
women with beliefs supporting screening predominat-
ing the sample, and we considered this carefully in our 
assessment of the studies and certainty of the evidence.

We could not make any conclusions on how or whether 
different descriptions of FPs may impact outcome pref-
erences, such that future studies on this topic would be 
beneficial. It would be valuable to know whether provid-
ing more accurate information during a recall for more 
testing (e.g., often not a result of a suspicious finding) 
would reduce the negative impacts (or anticipation of 
these for those who have not experienced) from a posi-
tive screening result and any remaining impacts after 
their negative cancer status is known (a FP) for at least 
some women.  Few studies presented data on the possi-
bility of lower treatment morbidity and/or avoiding some 
treatments such as chemotherapy, and it is unknown to 
what extent preferences for or against screening would 
change based on this information.

To keep our review manageable and because quanti-
tative findings are considered most informative for our 
review question, we excluded qualitative findings that 
could have provided some useful information to help 
interpret our findings. Authors of one excluded study, 
with contextual applicability to the task force, of four citi-
zen panels (n = 49; 96% aged ≥ 50 years; 89% of women 
previously screened; low net-benefit scenario presented) 
in Canada described findings of variability among par-
ticipants in their future screening intentions and that “all 
highlighted the value of having this information to make 
a decision and the importance of individuals being able 
to make a decision that was best for them” [128].

Our review findings may be most applicable to set-
tings within highly developed countries; further, there 
were very limited data on whether study findings applied 
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well across an ethnographically and socioeconomically 
diverse population. Although some data within the stud-
ies indicated that findings would be similar across differ-
ent risk groups, overall there was limited data on which 
to make conclusions in this regard. Studies measuring 
relevant HSUVs from Canada were lacking.

Conclusions
This review examined evidence across a range of data 
sources on how informed patients value the potential 
outcomes from breast cancer screening and will be useful 
during decision-making for recommendations. Depend-
ing on judgments about the degree of net benefit screen-
ing offers for women within the age groups of interest, 
there may be differences and variability in preferences to 
consider. Further, regardless of the strength of any recom-
mendations for offering screening, the evidence strongly 
suggests that the outcomes examined have importance 
to women of any age. In addition, easily understand-
able information about the possible magnitudes of effect 
across outcomes and that a personal choice is required 
should be provided to enable informed decision-making.

Abbreviation
BCS  Breast-conserving surgery
EQ-5D  EuroQol-5 dimension
FP  False positive
GRADE  Grading of Recommendations Assessment, Development and 

Evaluation
HRQOL  Health-related quality of life
HSUV  Health-state utility values
PHAC  Public Health Agency of Canada
SG  Standard gamble
TTO  Time-trade-off
VAS  Visual analogue scale
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