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Simple Summary: A risk-stratified approach to breast cancer screening has gained international
interest as a mechanism to better balance the benefits, harms and costs of screening programmes.
The aim of our agenda setting meeting was to identify key uncertainties to resolve in order to
implement a risk-stratified breast screening programme within England. Findings from a 5-year
programme of research assessing the feasibility of such an approach in England were presented
before individual discussion groups and an open plenary session regarding what preparation needs
to take place. Key findings highlight the need to further develop risk modelling to ensure equity of
access to breast cancer risk assessment and ensure a risk-stratified programme is cost-effective. Other
issues highlighted related to capacity and capability of the health services to offer an integrated risk
assessment pathway that is accessible. Attendees identified ways in which risk-stratification could be
implemented to minimise inequity of access to screening.

Abstract: It is now possible to accurately assess breast cancer risk at routine NHS Breast Screening
Programme (NHSBSP) appointments, provide risk feedback and offer risk management strategies
to women at higher risk. These strategies include National Institute for Health and Care Excellence
(NICE) approved additional breast screening and risk-reducing medication. However, the NHSBSP
invites nearly all women three-yearly, regardless of risk. In March 2022, a one-day agenda setting
meeting took place in Manchester to discuss the feasibility and desirability of implementation of
risk-stratified screening in the NHSBSP. Fifty-eight individuals participated (38 face-to-face, 20 virtual)
with relevant expertise from academic, clinical and/or policy-making perspectives. Key findings were
presented from the PROCAS2 NIHR programme grant regarding feasibility of risk-stratified screening
in the NHSBSP. Participants discussed key uncertainties in seven groups, followed by a plenary
session. Discussions were audio-recorded and thematically analysed to produce descriptive themes.
Five themes were developed: (i) risk and health economic modelling; (ii) health inequalities and
communication with women; (iii); extending screening intervals for low-risk women; (iv) integration
with existing NHSBSP; and (v) potential new service models. Most attendees expected some form of
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risk-stratified breast screening to be implemented in England and collectively identified key issues to
be resolved to facilitate this.

Keywords: breast cancer; screening; mammography; risk stratification; health inequalities; epidemi-
ology; cost-effectiveness

1. Introduction

Breast cancer is the most common form of cancer in the UK with approximately
56,000 cases reported annually equating to 15% of all cancer cases [1]. Organised pro-
grammes, such as the NHS Breast Screening Programme (NHSBSP) in England, improves
breast cancer outcomes through detecting breast cancers earlier in women aged 50-70 years,
however approximately 6000 cancers are diagnosed each year during the interval between
screening invitations [2]. In addition, there are harms of breast screening such as false
positives and overdiagnosis [3].

Risk stratification has been proposed as a means of improving the ratio of benefits to
harms, including costs to the healthcare system, of breast screening for some time [4]. In
other cancer screening programmes, such as the Welsh and Australian cervical screening
programmes, risk-stratified screening interval changes have recently been introduced based
on the presence/absence of the key risk factor, human papilloma virus (HPV) infection [5,6].
Currently, the NHSBSP already uses some risk stratification, by only routinely inviting
women aged 50-70 years where there is evidence of screening benefits, in addition to
very high risk screening for example, due to genetic mutations or family history [7]. The
National Institute for Health and Care Excellence (NICE) in the UK recommends that
women at high risk (>30% lifetime risk or >8% 10-year risk) of breast cancer be offered
additional mammographic breast screening from age 40 to 60 and risk reducing medication,
such as tamoxifen. NICE also recommend those at moderate risk (17-29% lifetime risk
or 3-7.9% 10-year risk aged 40 years) are screened using mammography from age 40-50
and ‘considered’ for risk reducing medication [8]. Additionally, annual MRI surveillance is
recommended depending on age and genetic mutation carrier status. Both very high risk
screening and risk reducing medication are generally accessed using an opt-in approach via
referral to family history, risk and prevention clinics and arranged by local NHS services
in England. Ideally, to better balance the benefits to harms ratio, a risk-stratified breast
screening programme would be able to identify women at different risk levels and stratify
screening intervals and screening modality according to risk.

To allow risk stratification for breast cancer screening at a population-level, much
research has focussed on improving risk prediction in the context of national breast screen-
ing programmes [9,10]. Models, such as Tyrer-Cuzick [11] and CanRisk [12], now have
good discrimination and calibration using a combination of polygenic risk scores (PRS),
mammographic density (MD) and self-report risk factors (related mainly to reproductive
and hormonal history) and can identify groups of women at high (>8%) and low risk
(<1.5%) [13-15]. These models allow the identification of those most likely to be diagnosed
with breast cancer and who would benefit most from more frequent screening, access to ad-
ditional imaging modalities and risk reducing medication, e.g., as per NICE guidelines [8].
Additionally, evidence suggests weight loss interventions are a beneficial option to manage
breast cancer risk [16,17]. The Predicting Risk of Cancer at Screening study (PROCAS1) has
shown that many women in England are willing to have their breast cancer risk assessed,
and receive feedback, as part of the breast screening process [18].

International randomised trials in the US (WISDOM) [19] and Europe (MyPeBS) [20],
are investigating the efficacy and cost effectiveness of risk-stratified screening compared
with the local standard of care and are expected to report in 2027. In both, women identified
at higher risk are offered more frequent breast imaging and those at lower risk, less frequent.
A second programme of research (PROCAS2) aimed to demonstrate that breast cancer
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risk assessment (BC-Predict study) can be offered to women at the time of their NHSBSP
screening invite in real time [21]. In BC-Predict, self-report information and MD was
combined to provide women with their 10-year risk via letter, approximately 6 weeks post-
mammogram. Women were also offered the opportunity to receive a risk appointment with
a health professional to discuss their risk and any relevant NICE-guideline recommended
risk-reducing strategies.

Thus, there is a pressing need to resolve any uncertainties around implementation
outside of a research setting, should these ongoing trials find that risk stratification is
indeed effective in reducing cancer stage at diagnosis, and costs. This would allow the
NHSBSP to adequately prepare for successful implementation of risk-stratified screening,
addressing potential barriers such as staff training and IT system development. Non-UK
countries have been considering how to implement a risk-stratified approach to breast
cancer screening, mainly in Europe, Australia and Canada [22-26], whilst others have
focused more explicitly on specific aspects such as the potential impact on women [27]
or on health insurance [28]. An on-going Canadian project (PERSPECTIVE I&I) focuses
on identifying additional genetic components of breast cancer risk to incorporate into
risk models in addition to developing a population-level implementation framework [29].
This is important given that findings from interviews with professional stakeholders in
the Quebec region of Canada indicate the difficulty in reaching consensus of how best
to organize a risk-stratified screening programme [30]. Elsewhere, the Western Australia
breast screening programme shows it is possible to routinely collect risk factor information
from women and the use of which demonstrates the importance of considering a risk-
stratified approach, particularly in relation to cancer detection rates for those at higher
risk [31].

Recent reviews have aimed to identify key research gaps regarding risk-stratified
screening for breast cancer, notably one based on a consensus meeting of experts working
on various Europe-wide projects on this topic (ENVISION) [32], and a scoping review of
evidence gaps [33]. ENVISION explicitly focussed on identifying research gaps regarding
risk-stratified screening. It identified four priority areas: breast cancer sub-type specific risk
prediction, preventive strategies, measurement of effectiveness and the need for implemen-
tation modelling studies [32]. The scoping literature review highlighted that comprehensive
breast cancer risk assessments, e.g., including PRS and MD, are required [33]. The current
agenda-setting meeting focussed explicitly on what needs to happen to allow risk-stratified
screening to be implemented in the NHSBSP. Given this, we included not only academics
with highly diverse disciplinary expertise in screening and risk stratification but also mem-
bers of the public and practising health professionals from diverse professions involved
in local screening, risk assessment and medical prevention services and those involved
in policy and national implementation of screening (e.g., members of the UK National
Screening Committee; UKNSC).

The aims of the meeting were therefore to ascertain whether attendees with a signifi-
cant profile in breast screening, breast screening related research and/or screening policy
decision-making (a) think risk-stratified breast screening should be implemented and, (b)
identify issues that would need to be resolved before implementation into the NHSBSP
could proceed.

2. Materials and Methods
2.1. Design, Participants and Procedure

A one-day agenda setting meeting was held (March 2022) in hybrid format in Manch-
ester, England. This formed the final stage of the PROCAS2 National Institute of Health
and Care Research (NIHR) Programme Grant evaluating the feasibility of risk-stratified
breast cancer screening (BC-Predict) [21] specifically in England. Seventy-three invita-
tions were sent via email. Of these 73, 58 (79%) accepted with 38 attending face-to-face
and 20 virtually. Attendees were identified due to their relevant expertise, for example
directors of local breast screening services, breast radiologists, epidemiologists, health
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economists, behavioural scientists, statisticians, or individuals with a national role in the
NHSBSP and /or UKNSC. The UKNSC includes members of the public therefore we sought
to ensure representation from this group by contacting one such member who was in-
volved in a previous breast cancer risk study. The PROCAS2 research programme also
includes a lay member co-investigator who has previously accessed a family history, risk
and prevention clinic. Both therefore had relevant knowledge about risk-stratified breast
screening but importantly could provide a perspective from women likely to be impacted
by such a programme. The meeting agenda and key findings from PROCAS2 were pro-
vided as four abstracts via email, one week prior to the meeting. Attendees were asked
to read the abstracts in advance and 11 relevant publications were included as optional
additional reading.

To begin the meeting, after introductions, four members of the PROCAS2 team (DGE,
KP, DPE, LM) presented findings from the different programme work packages. The
presentations provided: (i) an overview of PROCAS1, PROCAS2 and the main findings
from the BC-Predict study; (ii) economic evaluation of risk-stratified breast screening;
(iii) evaluation of the psychological impacts of breast cancer risk assessment provision and,
(iv) suggestion of key implementation issues to consider. Following this, in one of seven
discussion groups (range 49-57 min; mean 51 min), attendees discussed what needs to
happen over the next five years for risk-stratified breast screening to be implemented in
England, given that the main findings from MyPeBS and WISDOM are expected within
five years. Each group included at least one member of the PROCAS2 research team
and was facilitated by a member from the wider breast cancer risk research group that
led PROCAS2. Group allocation was pre-determined by one co-author (DPF) based on
ensuring representation of the relevant disciplines/roles within each group. For example,
each group had at least one member who was a breast imaging professional and one
member of the UKNSC.

To guide discussions, ten potential uncertainties (see Table 1) were provided to each
group. These indicative uncertainties were identified by the findings from PROCAS2,
recent relevant literature, and informed by a series of discussions amongst authors and
other members of the PROCAS2 research team. Attendees were also asked to identify and
agree on the key uncertainties for implementation along with any concerns before an open
plenary session took place. Key points were noted by the facilitators using an online note
application (Padlet). The plenary discussion lasted 80 min and was facilitated by DPF
with support from LM and DGE. During the plenary, at least one person from each group
highlighted the key issue(s) agreed during the earlier discussions. The meeting ended with
a brief verbal summary of the meeting by DGE.

Table 1. Indicative uncertainties provided for group discussions.

How to Organise Risk-Stratified Screening in the NHS Breast Screening Programme to:-

ensure good fit with existing NHSBSP practices
increase reach to women generally
ensure any change does not furtherdisadvantage to underserved populations, and if anything,
reduces inequalities
assess the role of general practice
consider the need for a simplified model or try for all predictors
avoid putting further pressure on the systems (e.g., IT, radiology)
adapt models for ethnic minority women
consider what aspects (e.g., invitations, mammographic density transfer) can be automated
consider extending screening intervals for very low-risk women
consider integrating with other NHS health check/health promotion initiatives

OO NNONUITHh W N

[y
o

2.2. Analysis

The first author listened to audio recordings of each discussion group and the plenary
session whilst making notes in a single document to summarise the key points made. No
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formal transcription of recordings or coding took place. The notes document was used to
produce descriptive themes based on the key topics that attendees discussed in groups and
focussed on in the plenary session. All points raised in the meeting were captured within
the descriptive themes, an approach which has been previously used in articles outlining
agenda setting meetings and workshops [34,35]. The results were initially structured
in a separate document (Table 1) using the ten indicative uncertainties as sub-headings
and involved iterations of combining these or adding new headings to produce the five
descriptive themes. For example, communication needs was not an explicit uncertainty
or concern provided in Table 1 but was highlighted by all as an important issue. This
analysis was highly descriptive, to represent the discussions held, including differences of
opinion, and highlight the main concerns and issues that participants identified as requiring
resolution for risk-stratified breast screening to be successfully implemented.

3. Results

The attendees represented most disciplines relevant to risk stratified screening (see
Table 2) with the following breakdown based on primary profession and not including
the 7 facilitators: 20 academics, 15 clinicians, 5 screening operations/management (this
includes members of UKNSC), and 11 in the cancer charity sector. Twelve attendees were
present or former members of the UKNSC, UKNSC adult reference group (UKNSC ARG)
and BSP Research Advisory Committee. Note that some individuals were both clinical
academics involved in the UKNSC and/or NHSBSP operations. There were no health
economists present aside from one co-author (KP).

Table 2. Breakdown of primary profession of attendees (excluding facilitators).

n Profession

12 Breast radiologist, radiographer or surgeon

10 Epidemiologist, health economist (1 = 1), ethicist (n = 1), imaging scientist (n = 1)
or statistician

7 Charity sector/cancer funding bodies

7 Family history clinician, medical oncologist, dietician or geneticist

6 Behavioural scientist

4 Screening operations/ management

3 General practitioner

2 Public contributor

Overall, attendees agreed that a risk stratified approach to breast cancer screening
should be the direction of travel in the UK, pending trial results. Reasons given for this
included the anticipated benefits and anticipated lack of harms, as well as this approach
already taking place in other programmes such as cervical screening and to a limited extent
in breast screening with the very high-risk programme for BRCA1/2 carriers.

The discussions captured are presented in relation to the following five descriptive
themes: risk and health economic modelling; health inequalities and communication with
women; extending screening intervals for low-risk women; integration with the existing
NHSBSP and; potential new service models.

3.1. Risk and Health Economic Modelling

Most attendees indicated that the risk models for breast cancer demonstrate good pre-
dictive value for breast cancer diagnosis in the majority of the white European population
and the most common type(s) of breast cancer, particularly if they use a combination of
genetic, mammographic density and self-report information. On the other hand, some
attendees were concerned that it is difficult to define what discrimination is good enough
without trials or accurate natural history models showing impact on women screened
whilst others felt that discrimination would not be good enough should only one com-
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ponent, for example polygenic risk scores or mammographic density alone, be used to
determine screening interval.

Discussions around accuracy of the risk models as implementable tools centred on
requiring adequate knowledge about the natural history of the disease; for example, ability
to predict different sub-types of breast cancer, and whether the cancer is diagnosed in pre-
or post-menopausal women. Secondly, all groups acknowledged that risk is not static but
that there is a lack of evidence demonstrating how risk changes over time. Evidence gaps
highlighted included the need for better evidence to decide (a) whether to provide women
with short term, long-term or lifetime risk and (b) when risk should be reassessed. Linked
with this, a concern raised by all groups related to the lack of validation for risk prediction
in minority ethnic groups due to lack of available data and that some such groups; for
example black African and black Caribbean women, have poorer breast cancer survival
rates. However, some attendees expressed confidence that both issues were relatively
tractable, noting that research is ongoing so it should be possible to resolve these issues in
the near future. Nevertheless, attendees highlighted that it needs to be possible to access
these groups in order to assess their risk and assumptions about development of the disease
are continually being updated.

All discussion groups acknowledged that there is no gold standard yet for objective
breast density measurement or which imaging technique is best to use if there is high breast
density. This was seen as important as it is likely to be a key component of both the risk
assessment and screening higher risk women. Some also emphasised that in addition to
future risk, it is necessary to decide what type of risk outcome to base risk-stratification on.
This may include short-term (e.g., 5 or 10 years) risk of any type of breast cancer, lifetime
risk, risk of developing an interval cancer during allocated screening interval, or risk of
breast cancer death. This decision will depend on what factors are used to calculate the
risk, for example including a PRS score is more effective for estimating lifetime risk and
breast density, shorter-term risk.

The approach to assigning a risk of breast cancer to each woman will affect the
economic impact of rolling out a risk-stratified programme. The cost of the risk prediction
tool also needs to take account of the required healthcare professional resources to feedback
results in a supportive environment. In addition, attendees discussed how adding genetic
data to breast cancer risk models would increase the cost of risk prediction substantially.
However, the additional predictive value of including genetic data at a population level is
not yet known taking into account the different ethnic backgrounds of women offered breast
screening. The current economic model presented at the meeting assumed the use of the
Tyrer-Cuzick risk model with Volpara™ breast density measurement to assign breast cancer
risk. It was acknowledged that to understand the relative cost effectiveness of adding in
genetic data, expansion of the current economic model in a future study is required. The
need to understand if, and how, to reduce the number of screens over the lifetime of women
at low-risk of breast cancer, to free up resources for women at high-risk was also discussed.
Before a risk-stratified programme is rolled out, it will be necessary to understand how to
keep the programme cost-neutral by introducing risk-stratified screening.

3.2. Health Inequalities and Communication with Women

There was agreement that a risk-stratified approach to breast screening may exacer-
bate existing health inequalities or create new ones. In order to ensure equality of access
to information about risk-stratified screening and minimise adverse impact on informed
decision-making, attendees discussed different approaches to ensuring meaningful en-
gagement across communities. This did not only focus on characteristics such as ethnicity
but also on other groups of women who may already have pre-existing health conditions,
including anxiety. Therefore, it was highlighted by some that proactively identifying these
groups requiring additional care prior to the offer of risk assessment would ensure ad-
equate support to engage with them and minimise negative consequences of providing
risk information.
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It was agreed that there should be a minimum standard of accessible information to
enable informed decision-making along the entire pathway however some groups may
require additional ‘doses’, i.e., a greater level of intervention, to achieve the same level of
engagement. Discussions concerning this mainly centred on providing personal interac-
tions between the service and women given that this may require targeted approaches for
different groups of women. Examples of such approaches included developing awareness
raising initiatives with trusted community leaders; ensuring culturally appropriate transla-
tion of information, especially technical terms; considering the use of ‘pathway navigators’
or health practitioners and developing clear decision aids in multiple formats. The role of
wider media campaigns was also discussed as an essential component of communication
with women. This included considering that those with higher risk may be concerned
about financial implications (e.g., health insurance).

Given that there may be access barriers related to technology and written information
more generally, it was viewed as important to give women the choice about communication
preferences. This related to the option of receiving support (another possible role for
pathway navigators) to complete the risk assessment itself if self-report information is
required and for making informed decisions (with advice from health professionals) about
preventive options such as risk-reducing medication.

3.3. Extending Screening Intervals for Low-Risk Women

There was agreement that incorporating risk assessment into breast screening is likely
to benefit women at moderate or high risk but concerns were raised about whether it is
possible to safely extend screening intervals (beyond the current three-year interval) for
women at low risk of breast cancer. Establishing evidence that low-risk women are not
at increased likelihood of breast cancer mortality if screening frequency is reduced was
viewed as paramount before decision-makers are likely to consider this and both screening
professionals and women willing to accept it. Similarly, attendees wanted to know more
about whether women would accept a longer screening interval if found to be lower risk.

Some discussion groups focussed on the possibility of the three-yearly screening
interval changing to two-yearly, regardless of an individual woman’s risk. Current thinking
around this relates to need for reducing the levels of interval cancers in the current NHSBSP
and the criticism that the programme intervals are longer than in any other country. This led
to considering a two-yearly interval for women at higher than population level risk whilst
women at low-risk would remain on the current interval, to minimise both overdiagnosis
and the potential fallout of ‘taking screening away’.

On the flip side, if women at low-risk attend screening at longer intervals and are less
likely to require further assessment, this will have a positive impact on service capacity,
helping to maintain the roll out as cost-neutral. Additionally, it was acknowledged that
other UK national screening programmes have implemented risk adapted screening such
as extended intervals for women with HPV negative cervical screening results.

3.4. Integration with Existing NHSBSP

Discussions about how to implement a risk-stratified approach within the current
NHSBSP focussed on on-going challenges within the service which focussed on technology,
pathway linkage and capacity issues. In addition, the groups acknowledged there may
be a trade-off between using the best possible risk prediction model and feasibility of
implementing it successfully within the NHSBSP.

The current IT system, used to invite women every three-years, was viewed as out-
dated and inefficient (e.g., lack of data on ethnicity of population and separate databases
used to invite high risk women more frequently). However, it was widely acknowledged
that this is a top priority within the programme. Although newer, future proof technology
is expected to be incorporated within the next five years, there was some scepticism about
the timescales for this. It was highlighted that this will allow the flexibility required for a
risk adapted programme, as well as other innovations that may take place in the lifetime of
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an IT upgrade. Although viewed as a complex task, existing service failsafe standards and
processes can also be adapted in order to minimise potential error, e.g., ensuring the right
women are invited to screening at the right time. However, changes to the programme in
general also take a long time such as deciding whether to extend the screening age from
50-70 to 47-73 years [36].

There was agreement that it was not yet clear how many women would require
additional screening (in whatever format that may be) if identified as higher risk, which
is required for infrastructure planning, but that it should be possible to estimate this
using economic model-based methods. One attendee suggested this should be considered
annually for each local service so that women can be invited for screening in a timely
manner and that the service can accommodate it. It was acknowledged that women opt
into the NHSBSP and need to also opt in to completing a risk assessment; it was not clear
how this offer might negatively affect uptake, which has continued to decline in recent
years. Equally, it was recognised that uptake would expand to include uptake of risk
assessment and risk-stratification pathway in addition to uptake of mammograms. The
current organisation of screening is linked to inviting all eligible women from specific GP
practices within geographical areas to attend for screening, usually in mobile screening
vans. It may however only be possible to offer risk-stratification at static sites, therefore
the current invite process may need to change. However, all discussions about this were
underpinned by the need for logistic planning, staff training and concern about lack of
workforce overall. This predominantly related to limited numbers of radiographers within
the current NHSBSP and difficulties with succession planning for this professional group,
many of whom are approaching retirement. In addition, the need for appropriate staff
to support the risk assessment process was highlighted. Attendees also recognised that
women at higher than population risk will be the most likely group to require additional
support from health professionals. However, there was a lack of consensus on which
health profession would be best suited for this task, given that NHSBSP staff may not
necessarily have the skillset or capacity to have these conversations, not all services have
fully integrated family history, risk and prevention clinics and even though women may
access primary care as a first port of call, GPs may not have the capacity or capability in
terms of appropriate training.

3.5. Potential New Service Models

All groups considered alternative service models in settings at least partly outside
the NHSBSP. Given that the ultimate aim is to detect cancer as early as possible in order
to avoid death, two key aspects related to whether breast cancer risk should be assessed
alongside risk of other diseases and the age at which risk assessment should be conducted.

If the goal is to better inform women about their health, some identified that it may
be a better idea to integrate risk assessment across several diseases using an integrated
approach to cancer early diagnosis (or not just cancer). This was viewed as best delivered
in the primary care setting rather than with an individual screening programme given
that initiatives such as health checks at age 40 are offered to women via their GP. In
addition, risk-stratified approaches are already currently in use for diabetic eye screening
and cardiovascular disease and are now being implemented in cervical cancer screening
programmes. Targeted lung health checks have also been piloted by NHS England and
are currently under consideration by the UKSNC and polygenic risk scores are being
deliberated for use in the bowel screening programme. Linked with primary care, several
attendees suggested that women could be asked to provide a saliva sample at the time
they have their cervical screening appointment in primary care, in order to identify higher
risk women at an earlier age (i.e., from age 25) as at the moment, risk-stratified breast
screening would only occur when a woman is first assessed in the NHSBSP. However,
groups were in agreement that as primary care are currently only indirectly involved in
breast screening, it may be more feasible to initially focus on specific aspects of the pathway
such as risk-reducing medication for higher risk women.
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Similarly, regardless of how the initial risk assessment is carried out, and given that
higher risk women are already offered more frequent screening, there must be some
involvement with the NHSBSP programme, especially to identify who to invite and when.
In the immediate future, it might be possible to offer a simple screening questionnaire
prior to a breast screening appointment (e.g., 6 months earlier) to assess interest in risk
assessment and identify those who may have higher risk due to family history before
providing all risk assessment questions with the mammogram invite or at the appointment
itself. One group also identified the possibility of integration with community diagnostic
centres, a new NHS England service in development, which could accommodate additional
screening for those at higher risk. Lastly, a second opportunity to integrate breast cancer
risk assessment, if using polygenic risk scores, was identified due to the growing interest
by the Department of Health in the use of genetic information for health more generally,
e.g., Our Future Health.

4. Discussion

This agenda setting meeting identified cautious enthusiasm for risk-stratified breast
screening, and a willingness to engage with the challenges that this raises. The participants
identified conceptual issues related to risk modelling and evidence requirements as well
as practical objectives to prepare the NHSBSP and the healthcare system more widely for
successful implementation of a risk-stratified national breast screening programme.

4.1. Strengths and Weaknesses

The meeting included attendees from most of the relevant stakeholder groups, in par-
ticular, those who would be involved in the decision to recommend risk-stratified screening
to the UK Government (i.e., UKNSC, UKNSC ARG members) and those responsible for
implementing any change within the NHSBSP. Including those involved in healthcare
policy decisions has previously been highlighted as an important aspect of preparing for
implementation of risk-stratified screening in a Spanish study [23]. The lead investigator
of the MyPeBS trial attended the meeting. Similarly, UK charity bodies were represented
which are an important link between health and social care and the women likely to be
offered risk-stratified breast screening. Additionally, two female public contributors at-
tended who provided a patient perspective regarding risk-stratified breast screening at the
meeting. Presenting the initial findings from the PROCAS2 research programme allowed
for a focused discussion on implementation issues in the English context based on trialing
the feasibility of routine implementation in a healthcare setting rather than hypothetical
scenarios. However, although efforts were made to identify and invite experts in health
economics and healthcare ethics, there was little representation from these disciplines at
the meeting, which may have influenced findings. Representatives of the breast screening
programmes in the other UK nations, who may have similar or differing views about how
risk-stratified screening could be implemented, were not present at the meeting as PRO-
CAS2 was delivered in the English setting. No formal consensus methods were used to gain
agreement at the meeting and although similar to other recent meetings [19], the purpose
of this agenda-setting meeting was specifically focused on implementation in England,
UK. Relatedly, the purpose of this article was to synthesise a description of attendee views
rather than conduct an interpretive analysis; similar methods have been used in the field of
genomics [34].

4.2. Relationship with Existing Literature

Earlier exercises to identify research gaps (e.g., ENVISION) and reviews also recog-
nised that risk stratification is worthwhile to consider implementing for population-level
breast screening and concluded that a combination of risk factors should be used to esti-
mate breast cancer risk [19,20]. Further, our agenda setting meeting highlighted overall
agreement that some adaptation to the current NHSBSP to more readily identify women
at higher risk of breast cancer should take place. However, we also identified several
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specific practical issues around how risk-stratified screening could be implemented within
the context of NHS England, e.g., workforce planning. This was in contrast to previous
meetings to produce consensus, which focussed on identifying key research gaps rather
than implementation issues.

There was general agreement that it is indeed now possible to predict risk of breast
cancer in women of screening age [37]. Indeed, Australian evidence from routinely collected
breast cancer risk information in a breast screening programme indicates the utility of
identifying women more likely to be diagnosed both with screen-detected cancers and
during the screening interval [31]. Yet, in common with a previous review [20], there
was some hesitation around the accuracy of breast cancer risk assessment over time in
relation to calibration and discrimination despite long-term follow up data indicating this is
possible [37]. Similarly, a major concern with risk prediction related to whether the models
accurately assess risk in women in ethnic minority groups. This has been documented
recently, in relation to polygenic risk indicating this should not yet be used beyond the
predominantly white populations in which they have been validated [38] and that different
ethnic groups have different risk profiles [39]. Although there was no consensus about
whether it would be feasible to implement polygenic risk testing into a risk-stratified
NHSBSP, an evaluation of fifteen international cohorts concluded it is beneficial to include
in risk estimation [40] and may be more sensitive for risk discrimination [41]. The idea that
multiple disease risk assessment (for example, breast cancer, other cancers, cardiovascular
disease and diabetes) could be offered to women, particularly in line with genetic testing
developments, was considered at the meeting. Recent evidence suggests that some women
may prefer to receive information about risk of multiple diseases rather than breast cancer
alone [42] and that this multi-disease risk information could be used to engage women in
weight-related behaviour change interventions [17].

It was viewed as important and essential that a risk-stratified NHSBSP should not
increase costs of the service. Some existing evidence suggests that a risk-stratified screening
programme is likely to be cost-effective in England, but this did not include the use of
genetic data [43]. Despite being the most useful tool to identify women of White European
origin at high and low risk [15], it is yet to be determined how inclusion of polygenic risk
would affect cost-effectiveness. Similarly, the added predictive value of using genetics at
an inclusive population level is not yet known and may generate specific acceptability
concerns related to insurability, as highlighted by Canadian screening policy decision-
makers [28]. Identifying high-risk women is also likely to save the Health Service money
as prevention with anastrozole has been found to be cost ‘saving’ to the health service [8]
The consideration of available healthcare resources and associated costs to the healthcare
system should also be viewed in the context of concerns raised around existing workforce,
technology and screening capacity issues as also highlighted in qualitative research with
health professionals [44—48].

It is unsurprising that there is concern regarding how a risk-stratified programme will
be received considering that cancer screening is viewed overwhelmingly positively by the
general public in the UK [49]. Despite a 70% national uptake of breast screening in England,
women may be less willing to accept extended screening intervals if low risk [50,51].
Previous research has also identified that both health professionals and policy decision-
makers are apprehensive regarding the safety and acceptability of extending screening
intervals for low-risk women [23,45,52]. However, similar to cervical screening [53,54], it
may be acceptable so long as women are provided with appropriate information about the
safety of such a change [55]. Furthermore, women are receptive to the idea of breast cancer
risk assessment overall as part of screening, particularly to access additional screening if
perceived to be higher risk and it appears to have no major psychological harms [56-58].

The current findings also highlight a major concern that a risk-stratified screening
approach may heighten inequity of access for particular groups of women. This has been
highlighted previously by Canadian health professionals [59]. Given that some minority
ethnic groups have specific access barriers to the NHSBSP [60], and poorer breast cancer
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outcomes [61], this is an important component of preparing for implementation although
some evidence suggests such groups are positive towards the idea of risk stratification [62].
Similarly, approaches identified to minimise widening inequalities, such as community
engagement, have already been shown to be effective in improving the odds of breast
screening attendance more generally [63].

There was some consideration as to whether primary care could support risk-stratified
breast screening, however, a recent review suggests that GPs are unfamiliar with breast can-
cer risk assessment tools and lack confidence in advising on risk reducing medication [64].
Similar findings are highlighted in a recent survey of Canadian health professionals, espe-
cially regarding knowledge of polygenic risk [65]. Despite this, recent evidence showed
that although mammographic density was not incorporated into the risk assessment, it
was possible to identify women at higher risk, and provide risk management, in English
primary care practices [66].

4.3. Implications for Practice

There is an immediate need to reduce the disparity in access to appropriate services
that currently offer risk assessment and provide women with access to additional screening
and risk-reducing medication [67]. This is an urgent priority and should be addressed
prior to any risk-stratified screening programme being implemented given the likely
timescale to achieve this. Likewise, it will be essential to have a greater level of integration
between services across primary and secondary care with the NHSBSP, ideally centrally
organised such as within integrated care systems [68]. This would also allow a coherent
communication strategy that is embedded within the community rather than relying on
individual areas or primary care practices to support women. Such an approach should
facilitate greater uptake amongst women from ethnic minority and low socio-economic
status backgrounds, for example primary care endorsements and direct contact from health
professionals has been shown to improve access to UK cancer screening programmes [69].

Risk-stratified cervical screening, which has been recently implemented in Wales, will
result in 5-yearly intervals for women testing negative for HPV, and 12-month recall for
those who test positive. This shift from 3- to 5-yearly intervals for HPV-negative women age
25-49 has already been implemented in Scotland and is recommended in England by the
UKNSC. Therefore, such approaches to cancer screening are already under consideration in
the screening committee. The current NHSBSP has strict quality assurance standards which
may be difficult to integrate with and monitor should aspects of a risk-stratified screening
programme be managed out with their remit. These would also require reconfiguration
for a risk-stratified service, especially to ensure there are no incidents where women are
allocated to the wrong risk group or invited at an incorrect screening interval. It may
therefore be most appropriate, and acceptable, to introduce risk assessment to identify
women most likely to receive a breast cancer diagnosis in the first instance rather than
simultaneously reducing screening intervals for low-risk women. This may alleviate some
of the acceptability concerns raised in previous work with health professionals regarding
extending screening intervals [52]. It could also be that the number of women who would
reach a low-risk threshold is insufficient for the purposes of reallocating resources to those
at greater risk. Relatedly, it may be beneficial to do an initial self-report risk assessment
prior to women attending their first mammogram appointment given that younger women
also develop the disease.

Several information gathering exercises should be undertaken for each screening
site to identify a comprehensive picture of (i) local demographics of women eligible for
the current NHSBSP in relation to ethnicity and socioeconomic position, (ii) effective
local engagement interventions, and (iii) estimated numbers of women in each risk group
category. Similar exercises could take place in the other UK nations, or as a collective
approach to implementing risk-stratified breast screening. This is an approach being
undertaken in Canada who also consider the socio-ethical and legal issues related to
risk-stratified breast screening as part of their implementation research [29]. Given that
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there are now European guidelines for screening in the context of dense breasts [70], it
is important to develop a UK response especially as awareness increases; women may
be more likely to request density information at their mammogram. Involving a wider
number of professionals, such as health practitioners or primary care nurses, to support
women in a risk-stratified breast screening programme may alleviate some of the workforce
pressures, e.g., at mammogram appointments. Training is however required to upskill
primary care staff and increase confidence in discussing risk-reducing medication with
women, given that prescriptions are managed in this setting. Similarly, although not yet
recommended by the UKNSC, developments in Artificial Intelligence for breast imaging,
i.e., reading of images for breast density assessment is likely to become automated, which
could minimise the impact of a risk-stratified programme on capacity for radiologists and
advanced practitioners.

Whichever way the NHSBSP decides to proceed, this would need approval from
the UKNSC first but should be closely linked with NHS England which will ultimately
be responsible for implementing a risk-stratified programme. If this is introduced into
the NHSBSP, it is important to implement in such a way that will facilitate evaluation of
effectiveness for example, using a stepped wedge trial design.

4.4. Implications for Research

Long-term follow up of existing cohorts (e.g., PROCAS, WISDOM, MyPebs), or re-
assessment of risk where possible, would determine the predictive value of the risk models
over time and develop an evidence base for how risk may change in the course of a
woman’s screening period. Similarly, the outcomes of the AgeX trial [36] will be important
to consider should it recommend the implementation of an extended age range in the
NHSBSP, particularly in relation to service capacity. Research is required to assess whether
there should be an additional focus on identifying women younger than breast screening
age who are at greater risk of breast cancer, prior to their first invite to the NHSBSP.

Albeit there is some existing UK evidence [55], there is a need to undertake additional
acceptability research related to less frequent screening if low risk, with women who have
received a low risk breast cancer estimate. Similarly, research exploring how and where
women would like to receive information about risk of breast cancer, and whether this
should be combined with risk of other diseases, particularly if polygenic risk is part of risk
assessment, is warranted.

The need to consider how best to evaluate breast screening outcomes based on breast
density, and how to assess it, has been identified in relation to the Australian national
programme [24]. The outcomes of on-going breast imaging studies, such as BRAID [71]
will be useful to develop the most appropriate pathway for screening those at higher
risk. However, it is an on-going concern that clinical trial participants are not necessarily
representative of the broader population [72] and any future breast cancer related research,
particularly where Al models are trained on existing data, should specifically ensure that
strategies are in place to minimise this.

5. Conclusions

With the expectation that risk-stratified breast screening will become accessible to
women in England, the main uncertainties and future research priorities have been identi-
fied that should be the focus of preparation for implementation. It will be crucial to ensure
this new approach to breast screening does not widen health inequalities.

Author Contributions: Conceptualization D.PF. and D.G.E.; methodology L.M. and D.PF,; data
curation LM., D.PE, D.G.E,, A H,, K.P,S]J.H,, EH. and Breast screening risk-stratification agenda
setting group.; formal analysis L.M.; writing—original draft preparation L.M. and D.P.E,; writing—
review and editing L.M., D.PE, D.G.E., AH,, K.P, S.J.H., EH. and Breast screening risk-stratification
agenda setting group; project administration L.M., D.PF,, D.G.E. and K.P; funding acquisition D.P.F,
D.G.E., A.H., K.P.and EH. All members of the breast screening risk-stratification agenda setting group



Cancers 2022, 14, 4636

13 of 17

provided substantial intellectual input into the discussions reported, and provided comments and/or
approved this report. All authors have read and agreed to the published version of the manuscript.

Funding: This meeting was run as part of a National Institute for Health Research Programme Grant
(PROCAS2; RP-PG-1214-20016) and supported by the NIHR Manchester Biomedical Research Centre
(IS-BRC-1215-20007). PROCAS?2 sub-study findings, presented at the meeting, were funded by Breast
Cancer Now (2018RP005) and Prevent Breast Cancer (GA18-001). The views expressed are those of
the authors and not necessarily those of the NIHR or the Department of Health and Social Care.

Institutional Review Board Statement: As the agenda setting meeting involved people discussing
their views in relation to their professional expertise, ethical approval was not required.

Informed Consent Statement: All attendees verbally agreed to the discussion groups and plenary
session to be audio-recorded.

Data Availability Statement: The notes document summarising the group discussions will be made
available on request by contacting the corresponding author.

Acknowledgments: The agenda setting meeting would not have been possible without the involve-
ment of the NHS Breast Screening Programmes in Greater Manchester, East Cheshire and East
Lancashire; The Nightingale Centre Family History, Risk and Prevention Clinic; and, the women
who participated in the different PROCAS2 studies from those services. We are grateful to the
wider PROCAS?2 team for supporting the planning and facilitation of the meeting. We are especially
grateful to all who attended the meeting in addition to the members of the breast screening risk-
stratification agenda setting group including: Adam Brentnall (Queen Mary University of London),
Owen Chinembiri (NHS Race and Health Observatory), David Crosby (Cancer Research UK), Per
Hall (Karolinska Institutet), Samantha Harrison (Cancer Research UK), Ruth Molloy (NHS England
and NHS Improvement), Kathryn Taylor (Cambridge University Hospitals NHS Foundation Trust),
Clare Turnbull (Institute of Cancer Research), Alexis Webb (Cancer Research UK). The findings and
conclusions of this article are not necessarily the views of all attendees at the meeting.

Breast screening risk-stratification agenda setting group: Antonis Antoniou, Centre for Cancer
Genetic Epidemiology, Department of Public Health and Primary Care, University of Cambridge,
Cambridge UK, Sue Astley, Division of Informatics, Imaging and Data Health Sciences, University
of Manchester, Manchester UK; Lester Barr, Prevent Breast Cancer, Manchester UK; Sally Best,
Manchester Cancer Research Centre, University of Manchester UK Sarah Bowers, The Nightingale
and Prevent Breast Cancer Research Unit, Manchester University NHS Foundation Trust, Manchester
UK; Jack Cuzick, Wolfson Institute of Population Health, Queen Mary University of London, London
UK; Rachel Cholerton, Manchester Centre for Health Psychology, Division of Psychology and Mental
Health, University of Manchester, Manchester UK; Suzette Delaloge, Department of Cancer Medicine,
Institute Gustave Roussy, Villejuife, France; Richard Dobrashian, East Lancashire Hospitals NHS
Trust, Lancashire UK; Stephen Duffy, Wolfson Institute of Population Health, Queen Mary University
of London, London UK; Doug Easton, Centre for Cancer Genetic Epidemiology, Department of Public
Health and Primary Care, University of Cambridge, Cambridge UK; Ashu Gandhi, Division of Cancer
Sciences, University of Manchester, Manchester UK; Rosalind Given-Wilson, St George’s Healthcare
NHS Foundation Trust, London UK; Elaine Harkness, Division of Informatics, Imaging and Data
Sciences, University of Manchester UK; Michelle Harvie, Manchester University NHS Foundation
Trust, Manchester UK; Sarah Hindmarch, Manchester Centre for Health Psychology, University of
Manchester, Manchester UK; Rachel Hawkins, NIHR Manchester Biomedical Research Centre, The
Christie NHS Foundation Trust, Manchester UK; Rhiannon Hawkes, Manchester Centre for Health
Psychology, Division of Psychology and Mental Health, University of Manchester, Manchester UK;
Gillian Hutchison, Manchester University NHS Foundation Trust, Manchester UK; Cliona Kirwan,
Division of Cancer Sciences, University of Manchester, Manchester UK; Sowmiya Moorthie, PHG
Foundation, University of Cambridge, Cambridge UK; Nora Pashayan, Department of Applied
Health Research, University College London, London UK; Maggie Powell, Patient Representative;
Samantha Quaife, Wolfson Institute of Population Health, Queen Mary University of London, London
UK; Nadeem Qureshi, Primary Care Stratified Medicine Group, School of Medicine, University of
Nottingham, Nottingham UK; Katie Robb, Institute of Health & Wellbeing, University of Glasgow,
Glasgow UK; Peter Sasieni, School of Cancer and Pharmaceutical Sciences, King’s College London,
London UK; Nisha Sharma, Breast unit, Level 1 Chancellor Wing, Leeds Teaching Hospital NHS
Trust, Leeds UK; Anne Slowther, Warwick Medical School, University of Warwick, Warwick UK;
Sian Taylor-Phillips, Warwick Medical School, University of Warwick, Warwick UK; Fiona Ulph,



Cancers 2022, 14, 4636 14 of 17

Manchester Centre for Health Psychology, Division of Psychology and Mental Health, University
of Manchester, Manchester UK; Juliet Usher-Smith, The Primary Care Unit, Department of Public
Health and Primary Care, University of Cambridge, Cambridge UK; Simon Vincent, Breast Cancer
Now UK; Matthew Wallis, Cambridge Breast Unit, Cambridge University Hospitals National Health
Service Foundation Trust, and National Institute for Health Research Cambridge Biomedical Research
Centre, Cambridge UK; Jo Waller, School of Cancer & Pharmaceutical Sciences, King’s College
London, London UK; Nicola Weaver, South East London ICS, London UK; Victoria Woof, Manchester
Centre for Health Psychology, Division of Psychology and Mental Health, University of Manchester,
Manchester UK; Patsy Whelehan, Ninewells Hospital & Medical School, Dundee UK; Stuart Wright,
Manchester Centre for Health Economics, Division of Population Health, Health Services Research,
and Primary Care, University of Manchester, Manchester UK.

Conflicts of Interest: Jack Cuzick receives royalties from Cancer Research UK for Tyrer-Cuzick model
use; Suzette Delaloge reports grants and non-financial support from Pfizer, grants from Novartis,
grants and non-financial support from AstraZeneca, grants and non-financial support from Roche
Genentech, grants from Lilly, grants from Puma, grants from Myriad, grants from Orion, grants
from Amgen, grants from Sanofi, grants from Genomic Health, grants from GE, grants from Servier,
grants from MSD, grants from BMS, grants from Pierre Fabre, grants from Seagen, grants from
Exact Sciences, grants from Rappta, grants from Besins, grants from Taiho, grants from European
Commission, grants from French government grants, grants from Fondation ARC, all institutional.

References

1.

10.

11.

12.

13.

14.

Cancer Research, UK. Cancer Incidence for Common Cancers. Available online: https://www.cancerresearchuk.org/health-
professional /cancer-statistics /incidence /common-cancers-compared#heading-Zero (accessed on 21 April 2022).

Public Health England Guidance: Interval Cancers Explained in the NHS Breast Screening Programme. Available online:
https:/ /www.gov.uk/government/publications /nhs-screening-programmes-duty-of-candour/interval-cancers-explained-in-
the-nhs-breast-screening-programme-notes-for-professionals-and-patients (accessed on 9 May 2022).

Marmot, M.G.; Altman, D.G.; Cameron, D.A.; Dewar, ].A.; Thompson, S.G.; Wilcox, M. The benefits and harms of breast cancer
screening: An independent review. Br. . Cancer 2013, 108, 2205-2240. [CrossRef] [PubMed]

Evans, D.G.; Warwick, J.; Astley, S.M.; Stavrinos, P; Sahin, S.; Ingham, S. Assessing individual breast cancer risk within the UK
National Health Service Breast Screening Program: A new paradigm for cancer prevention. Cancer Prev. Res. 2012, 5, 943-951.
[CrossRef] [PubMed]

Public Health Wales. Changes to the Cervical Screening Wales Programme. Available online: https://phw.nhs.wales/
services-and-teams/cervical-screening-wales/changes-to-the-cervical-screening-wales-programme /#:~{}:text=What%20has%
20changed%3F next%20routine%20cervical %20screening%20sample (accessed on 23 April 2022).

Cancer Council Australia. Cervical Cancer Screening Guidelines Working Party National Cervical Screening Program: Guidelines
for the Management of Screen-Detected Abnormalities, Screening in Specific Populations and Investigation of Abnormal
Vaginal Bleeding. Available online: http://wiki.cancer.org.au/australia/Guidelines:Cervical_cancer/Screening (accessed on
23 April 2022).

Godley, K.C.; Gladwell, C.; Murray, PJ.; Denton, E. The UK breast screening program—What you need to know. Climacteric 2017,
20, 313-320. [CrossRef]

National Insitute for Health and Care Excellence. Familial Breast Cancer: Classification, Care and Managing Breast Cancer and Related
Risks in People with a Family History of Breast Cancer (NICE Guideline CG164); National Insitute for Health and Care Excellence:
London, UK, 2017.

Evans, D.G.; Howell, A. Breast cancer risk-assessment models. Breast Cancer Res. 2007, 9, 213. [CrossRef] [PubMed]

Evans, D.G.; Astley, S.; Stavrinos, P.; Harkness, E.; Donnelly, L.S.; Dawe, S.; Jacob, I.; Harvie, M.; Cuzick, J.; Brentnall, A.; et al.
Improvement in Risk Prediction, Early Detection and Prevention of Breast Cancer in the Nhs Breast Screening Programme and
Family History Clinics: A Dual Cohort Study. Programme Grants Appl. Res. 2016, 4, 11. [CrossRef] [PubMed]

Tyrer, J.; Duffy, S.W.; Cuzick, J. A breast cancer prediction model incorporating familial and personal risk factors. Stat. Med. 2004,
23,1111-1130. [CrossRef] [PubMed]

Lee, A.; Mavaddat, N.; Wilcox, A.N.; Cunningham, A.P; Carver, T.; Hartley, S.; Babb de Villiers, C.; Izquierdo, A.; Simard, J.;
Schmidt, M.K.; et al. BOADICEA: A comprehensive breast cancer risk prediction model incorporating genetic and nongenetic
risk factors. Genet. Med. 2019, 21, 1708-1718. [CrossRef] [PubMed]

Evans, D.G.R.; Harkness, E.F,; Brentnall, A.R.; van Veen, E.M.; Astley, S.M.; Byers, H.; Sampson, S.; Southworth, J.; Stavrinos, P,;
Howell, S.J.; et al. Breast cancer pathology and stage are better predicted by risk stratification models that include mammographic
density and common genetic variants. Breast Cancer Res. Treat. 2019, 176, 141-148. [CrossRef]

Brentnall, A.R.; Harkness, E.F; Astley, S.M.; Donnelly, L.S.; Stavrinos, P.; Sampson, S.; Fox, L.; Sergeant, J.C.; Harvie, M.N.;
Wilson, M.; et al. Mammographic density adds accuracy to both the Tyrer-Cuzick and Gail breast cancer risk models in a
prospective UK screening cohort. Breast Cancer Res. BCR 2015, 17, 147. [CrossRef]


https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/common-cancers-compared#heading-Zero
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/common-cancers-compared#heading-Zero
https://www.gov.uk/government/publications/nhs-screening-programmes-duty-of-candour/interval-cancers-explained-in-the-nhs-breast-screening-programme-notes-for-professionals-and-patients
https://www.gov.uk/government/publications/nhs-screening-programmes-duty-of-candour/interval-cancers-explained-in-the-nhs-breast-screening-programme-notes-for-professionals-and-patients
http://doi.org/10.1038/bjc.2013.177
http://www.ncbi.nlm.nih.gov/pubmed/23744281
http://doi.org/10.1158/1940-6207.CAPR-11-0458
http://www.ncbi.nlm.nih.gov/pubmed/22581816
https://phw.nhs.wales/services-and-teams/cervical-screening-wales/changes-to-the-cervical-screening-wales-programme/#:~{}:text=What%20has%20changed%3F,next%20routine%20cervical%20screening%20sample
https://phw.nhs.wales/services-and-teams/cervical-screening-wales/changes-to-the-cervical-screening-wales-programme/#:~{}:text=What%20has%20changed%3F,next%20routine%20cervical%20screening%20sample
https://phw.nhs.wales/services-and-teams/cervical-screening-wales/changes-to-the-cervical-screening-wales-programme/#:~{}:text=What%20has%20changed%3F,next%20routine%20cervical%20screening%20sample
http://wiki.cancer.org.au/australia/Guidelines:Cervical_cancer/Screening
http://doi.org/10.1080/13697137.2017.1342619
http://doi.org/10.1186/bcr1750
http://www.ncbi.nlm.nih.gov/pubmed/17888188
http://doi.org/10.3310/pgfar04110
http://www.ncbi.nlm.nih.gov/pubmed/27559559
http://doi.org/10.1002/sim.1668
http://www.ncbi.nlm.nih.gov/pubmed/15057881
http://doi.org/10.1038/s41436-018-0406-9
http://www.ncbi.nlm.nih.gov/pubmed/30643217
http://doi.org/10.1007/s10549-019-05210-2
http://doi.org/10.1186/s13058-015-0653-5

Cancers 2022, 14, 4636 15 0f 17

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Evans, D.G.R;; van Veen, E.M.; Harkness, E.E; Brentnall, A.R.; Astley, S.M.; Byers, H.; Woodward, E.R.; Sampson, S.; Southworth,
J.; Howell, S.J.; et al. Breast cancer risk stratification in women of screening age: Incremental effects of adding mammographic
density, polygenic risk, and a gene panel. Genet. Med. Off. ]. Am. Coll. Med. Genet. 2022. [CrossRef]

Harvie, M.; Pegington, M.; French, D.; Cooper, G.; McDiarmid, S.; Howell, A.; Donnelly, L.; Ruane, H.; Sellers, K.; Foden, P; et al.
Breast cancer risk status influences uptake, retention and efficacy of a weight loss programme amongst breast cancer screening
attendees: Two randomised controlled feasibility trials. BMC Cancer 2019, 19, 1089. [CrossRef] [PubMed]

Harvie, M.; French, D.P.,; Pegington, M.; Cooper, G.; Howell, A.; McDiarmid, S.; Lombardelli, C.; Donnelly, L.; Ruane, H;
Sellers, K.; et al. Testing a breast cancer prevention and a multiple disease prevention weight loss programme amongst women
within the UK NHS breast screening programme—A randomised feasibility study. Pilot Feasibility Stud. 2021, 7, 220. [CrossRef]
[PubMed]

Evans, D.G.; Donnelly, L.S.; Harkness, E.F,; Astley, S.M.; Stavrinos, P.; Dawe, S.; Watterson, D.; Fox, L.; Sergeant, ]J.C,;
Ingham, S.; et al. Breast cancer risk feedback to women in the UK NHS breast screening population. Br. |. Cancer 2016, 114, 1045.
[CrossRef]

Esserman, L.J.; Anton-Culver, H.; Borowsky, A.; Brain, S.; Cink, T.; Crawford, B.; Eklund, M.; Esserman, L.; Fenton, J.;
Heditsian, D.; et al. The WISDOM Study: Breaking the deadlock in the breast cancer screening debate. NPJ Breast Cancer
2017, 3, 34. [CrossRef] [PubMed]

UNICANCER. My Personal Breast Screening (MyPeBS). Available online: https://clinicaltrials.gov/ct2/show /NCT03672331
(accessed on 25 May 2022).

French, D.P; Astley, S.; Brentnall, A.R.; Cuzick, J.; Dobrashian, R.; Duffy, SW.; Gorman, L.S.; Harkness, E.F.; Harrison, E;
Harvie, M.; et al. What are the benefits and harms of risk stratified screening as part of the NHS breast screening Programme?
Study protocol for a multi-site non-randomised comparison of BC-predict versus usual screening (NCT04359420). BMC Cancer
2020, 20, 570. [CrossRef]

Gagnon, J.; Lévesque, E.; Clinical Advisory Committee on Breast Cancer Prevention; Borduas, F.; Chiquette, J.; Diorio, C,;
Duchesne, N.; Dumais, M.; Eloy, L. Recommendations on breast cancer screening and prevention in the context of implementing
risk stratification: Impending changes to current policies. Curr. Oncol. 2016, 23, e615—-625. [CrossRef]

Laza-Vasquez, C.; Codern-Bové, N.; Cardona-Cardona, A.; Hernandez-Leal, M.].; Pérez-Lacasta, M.J.; Carles-Lavila, M.; Rué, M.;
on behalf of the DECIDO group. Views of health professionals on risk-based breast cancer screening and its implementation in
the Spanish National Health System: A qualitative discussion group study. PLoS ONE 2022, 17, €0263788. [CrossRef]

Carle, C.; Velentzis, L.S.; Nickson, C. BreastScreen Australia national data by factors of interest for risk-based screening: Routinely
reported data and opportunities for enhancement. Aust. N. Z. |. Public Health 2022, 46, 230-236. [CrossRef]

Noguchi, N.; Marinovich, M.L.; Wylie, E.J.; Lund, H.G.; Houssami, N. Evidence from a BreastScreen cohort does not support a
longer inter-screen interval in women who have no conventional risk factors for breast cancer. Breast 2022, 62, 16-21. [CrossRef]
Pons-Rodriguez, A.; Forné Izquierdo, C.; Vilaplana-Mayoral, J.; Cruz-Esteve, I.; Sanchez-Lépez, I.; Refié-Refié, M.; Cazorla, C.;
Hernandez-Andreu, M.; Galindo-Ortego, G.; Llorens Gabandé, M.; et al. Feasibility and acceptability of personalised breast
cancer screening (DECIDO study): Protocol of a single-arm proof-of-concept trial. BMJ Open 2020, 10, €044597. [CrossRef]
Rainey, L.; van der Waal, D.; Donnelly, L.S.; Evans, D.G.; Wengstrom, Y.; Broeders, M. Women'’s decision-making regarding
risk-stratified breast cancer screening and prevention from the perspective of international healthcare professionals. PLoS ONE
2018, 13, e0197772. [CrossRef] [PubMed]

Dalpé, G.; Ngueng Feze, I.; Salman, S.; Joly, Y.; Hagan, ].; Lévesque, E.; Dorval, V.; Blouin-Bougie, ].; Amara, N.; Dorval, M.; et al.
Breast Cancer Risk Estimation and Personal Insurance: A Qualitative Study Presenting Perspectives from Canadian Patients and
Decision Makers. Front Genet 2017, 8, 128. [CrossRef] [PubMed]

Brooks, J.D.; Nabi, HH.; Andrulis, I.L.; Antoniou, A.C.; Chiquette, J.; Després, P; Devilee, P; Dorval, M.; Droit, A;
Easton, D.F; etal. Personalized Risk Assessment for Prevention and Early Detection of Breast Cancer: Integration and
Implementation (PERSPECTIVE 1&lI). J. Pers. Med. 2021, 11, 511. [CrossRef] [PubMed]

Esquivel-Sada, D.; Lévesque, E.; Hagan, J.; Knoppers, B.M.; Simard, J. Envisioning Implementation of a Personalized Approach
in Breast Cancer Screening Programs: Stakeholder Perspectives. Healthc. Policy = Polit. De Sante 2019, 15, 39-54. [CrossRef]
[PubMed]

Noguchi, N.; Marinovich, M.L.; Wylie, E.J.; Lund, H.G.; Houssami, N. Screening outcomes by risk factor and age: Evidence from
BreastScreen WA for discussions of risk-stratified population screening. Med. |. Aust. 2021, 215, 359-365. [CrossRef] [PubMed]
Pashayan, N.; Antoniou, A.C.; Ivanus, U.; Esserman, L.J.; Easton, D.F; French, D.; Sroczynski, G.; Hall, P; Cuzick, J;
Evans, D.G.; et al. Personalized early detection and prevention of breast cancer: ENVISION consensus statement. Nat. Rev. Clin.
Oncol. 2020, 17, 687-705. [CrossRef]

Clift, AK,; Dodwell, D.; Lord, S.; Petrou, S.; Brady, S.M.; Collins, G.S.; Hippisley-Cox, J. The current status of risk-stratified breast
screening. Br. J. Cancer 2022, 126, 533-550. [CrossRef]

Borry, P; Bentzen, H.B.; Budin-Ljesne, I.; Cornel, M.C.; Howard, H.C.; Feeney, O.; Jackson, L.; Mascalzoni, D.; Mendes, A;
Peterlin, B.; et al. The challenges of the expanded availability of genomic information: An agenda-setting paper. J. Community
Genet. 2018, 9, 103-116. [CrossRef]

Moorthie, S.; Burton, H.; Gaynor, L.; Brigden, T.; Babb de Villiers, C. Personalising Prevention for Breast Cancer: Workshop Report;
PHG Foundation: Cambridge, UK, 2019.


http://doi.org/10.1016/j.gim.2022.03.009
http://doi.org/10.1186/s12885-019-6279-8
http://www.ncbi.nlm.nih.gov/pubmed/31795966
http://doi.org/10.1186/s40814-021-00947-4
http://www.ncbi.nlm.nih.gov/pubmed/34930478
http://doi.org/10.1038/bjc.2016.56
http://doi.org/10.1038/s41523-017-0035-5
http://www.ncbi.nlm.nih.gov/pubmed/28944288
https://clinicaltrials.gov/ct2/show/NCT03672331
http://doi.org/10.1186/s12885-020-07054-2
http://doi.org/10.3747/co.23.2961
http://doi.org/10.1371/journal.pone.0263788
http://doi.org/10.1111/1753-6405.13203
http://doi.org/10.1016/j.breast.2022.01.015
http://doi.org/10.1136/bmjopen-2020-044597
http://doi.org/10.1371/journal.pone.0197772
http://www.ncbi.nlm.nih.gov/pubmed/29856760
http://doi.org/10.3389/fgene.2017.00128
http://www.ncbi.nlm.nih.gov/pubmed/28983318
http://doi.org/10.3390/jpm11060511
http://www.ncbi.nlm.nih.gov/pubmed/34199804
http://doi.org/10.12927/hcpol.2019.26072
http://www.ncbi.nlm.nih.gov/pubmed/32077844
http://doi.org/10.5694/mja2.51216
http://www.ncbi.nlm.nih.gov/pubmed/34374095
http://doi.org/10.1038/s41571-020-0388-9
http://doi.org/10.1038/s41416-021-01550-3
http://doi.org/10.1007/s12687-017-0331-7

Cancers 2022, 14, 4636 16 of 17

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Moser, K.; Sellars, S.; Wheaton, M.; Cooke, J.; Duncan, A.; Maxwell, A.; Michell, M.; Wilson, M.; Beral, V.; Peto, R.; et al. Extending
the age range for breast screening in England: Pilot study to assess the feasibility and acceptability of randomization. J. Med.
Screen 2011, 18, 96-102. [CrossRef]

Brentnall, A.R.; Cuzick, ].; Buist, D.M.; Bowles, E. Long-term accuracy of breast cancer risk assessment combining classic risk
factors and breast density. JAMA Oncol. 2018, 4, e180174. [CrossRef]

Evans, D.G.; van Veen, E.M.; Byers, H.; Roberts, E.; Howell, A.; Howell, S.J.; Harkness, E.F.; Brentnall, A.; Cuzick, J.; Newman,
W.G. The importance of ethnicity: Are breast cancer polygenic risk scores ready for women who are not of White European
origin? Int. J. Cancer 2022, 150, 73-79. [CrossRef] [PubMed]

Evans, D.G.; Brentnall, A.R.; Harvie, M.; Astley, S.; Harkness, E.F; Stavrinos, P.; Donnelly, L.S.; Sampson, S.; Idries, F;
Watterson, D.; et al. Breast cancer risk in a screening cohort of Asian and white British/Irish women from Manchester UK.
BMC Public Health 2018, 18, 178. [CrossRef] [PubMed]

Hurson, A.N.; Pal Choudhury, P; Gao, C.; Hiuising, A.; Eriksson, M.; Shi, M.; Jones, M.E.; Evans, D.G.R.; Milne, R.L,;
Gaudet, M.M.; et al. Prospective evaluation of a breast-cancer risk model integrating classical risk factors and polygenic risk in
15 cohorts from six countries. Int. |. Epidemiol. 2021, 50, 1897-1911. [CrossRef] [PubMed]

Wolfson, M.; Gribble, S.; Pashayan, N.; Easton, D.F.; Antoniou, A.C.; Lee, A.; van Katwyk, S.; Simard, ]. Potential of polygenic risk
scores for improving population estimates of women’s breast cancer genetic risks. Genet. Med. 2021, 23, 2114-2121. [CrossRef]
Wheeler, ].C.W.; Keogh, L.; Sierra, M.A.; Devereux, L.; Jones, K.; M], L].; Trainer, A.H. Heterogeneity in how women value
risk-stratified breast screening. Genet. Med. Off. ]. Am. Coll. Med. Genet. 2022, 24, 146-156. [CrossRef]

Gray, E.; Donten, A.; Karssemeijer, N.; van Gils, C.; Evans, D.G.; Astley, S.; Payne, K. Evaluation of a Stratified National Breast
Screening Program in the United Kingdom: An Early Model-Based Cost-Effectiveness Analysis. Value Health 2017, 20, 1100-1109.
[CrossRef]

French, D.P.; Woof, V.G.; Ruane, H.; Evans, D.G.; Ulph, E; Donnelly, L.S. The feasibility of implementing risk stratification into
a national breast cancer screening programme: A focus group study investigating the perspectives of healthcare personnel
responsible for delivery. BMC Women'’s Health 2022, 22, 142. [CrossRef]

McWilliams, L.; Woof, V.G.; Donnelly, L.S.; Howell, A.; Evans, D.G.; French, D.P. Risk stratified breast cancer screening: UK
healthcare policy decision-making stakeholders” views on a low-risk breast screening pathway. BMC Cancer 2020, 20, 680.
[CrossRef]

Puzhko, S.; Gagnon, J.; Simard, J.; Knoppers, B.M.; Siedlikowski, S.; Bartlett, G. Health professionals’ perspectives on breast
cancer risk stratification: Understanding evaluation of risk versus screening for disease. Public Health Rev. 2019, 40, 2. [CrossRef]
Blouin-Bougie, J.; Amara, N.; Simard, J. Toward a Population-Based Breast Cancer Risk Stratification Approach? The Needs and
Concerns of Healthcare Providers. J. Pers. Med. 2021, 11, 540. [CrossRef]

Rainey, L.; van der Waal, D.; Jervaeus, A.; Wengstrom, Y.; Evans, D.G.; Donnelly, L.S.; Broeders, M.].M. Are we ready for
the challenge of implementing risk-based breast cancer screening and primary prevention? Breast 2018, 39, 24-32. [CrossRef]
[PubMed]

Waller, J.; Osborne, K.; Wardle, J. Enthusiasm for cancer screening in Great Britain: A general population survey. Br. J. Cancer
2015, 112, 562-566. [CrossRef] [PubMed]

Mbuya Bienge, C.; Pashayan, N.; Brooks, J.D.; Dorval, M.; Chiquette, J.; Eloy, L.; Turgeon, A.; Lambert-Coté, L.; Paquette,
J.S.; Lévesque, E.; et al. Women’s Views on Multifactorial Breast Cancer Risk Assessment and Risk-Stratified Screening: A
Population-Based Survey from Four Provinces in Canada. . Pers. Med. 2021, 11, 95. [CrossRef]

Ghanouni, A.; Sanderson, S.C.; Pashayan, N.; Renzi, C.; von Wagner, C.; Waller, J. Attitudes towards risk-stratified breast cancer
screening among women in England: A cross-sectional survey. . Med. Screen. 2019, 2, 138-145. [CrossRef]

Woof, V.G.; McWilliams, L.; Donnelly, L.S.; Howell, A.; Evans, D.G.; Maxwell, A.].; French, D.P. Introducing a low-risk breast
screening pathway into the NHS Breast Screening Programme: Views from healthcare professionals who are delivering risk-
stratified screening. Women's Health 2021, 17, 17455065211009746. [CrossRef] [PubMed]

Marlow, L.A.V.; Nemec, M.; Barnes, J.; Waller, ]. Testing key messages about extending cervical screening intervals. Patient Educ.
Couns. 2022. [CrossRef]

Nemec, M.; Waller, J.; Barnes, J.; Marlow, L.A.V. Acceptability of extending HPV-based cervical screening intervals from 3 to
5 years: An interview study with women in England. BMJ Open 2022, 12, €058635. [CrossRef]

McWilliams, L.; Woof, V.G.; Donnelly, L.S.; Howell, A.; Evans, D.G.; French, D.P. Extending screening intervals for women at low
risk of breast cancer: Do they find it acceptable? BMC Cancer 2021, 21, 637. [CrossRef]

French, D.; Southworth, J.; Howell, A.; Harvie, M.; Stavrinos, P.; Watterson, D.; Sampson, S.; Evans, D.G.; Donnelly, L.S. Psy-
chological impact of providing women with personalised 10-year breast cancer risk estimates. Br. J. Cancer 2018, 118, 1648-1657.
[CrossRef]

Rainey, L.; van der Waal, D.; Donnelly, L.S.; Southworth, J.; French, D.P; Evans, D.G.; Broeders, M.].M. Women'’s health behaviour
change after receiving breast cancer risk estimates with tailored screening and prevention recommendations. BMC Cancer 2022,
22, 69. [CrossRef]

Kelley-Jones, C.; Scott, S.; Waller, J. UK Women'’s Views of the Concepts of Personalised Breast Cancer Risk Assessment and
Risk-Stratified Breast Screening: A Qualitative Interview Study. Cancers 2021, 13, 5813. [CrossRef]


http://doi.org/10.1258/jms.2011.011065
http://doi.org/10.1001/jamaoncol.2018.0174
http://doi.org/10.1002/ijc.33782
http://www.ncbi.nlm.nih.gov/pubmed/34460111
http://doi.org/10.1186/s12889-018-5090-9
http://www.ncbi.nlm.nih.gov/pubmed/29370783
http://doi.org/10.1093/ije/dyab036
http://www.ncbi.nlm.nih.gov/pubmed/34999890
http://doi.org/10.1038/s41436-021-01258-y
http://doi.org/10.1016/j.gim.2021.09.002
http://doi.org/10.1016/j.jval.2017.04.012
http://doi.org/10.1186/s12905-022-01730-0
http://doi.org/10.1186/s12885-020-07158-9
http://doi.org/10.1186/s40985-019-0111-5
http://doi.org/10.3390/jpm11060540
http://doi.org/10.1016/j.breast.2018.02.029
http://www.ncbi.nlm.nih.gov/pubmed/29529454
http://doi.org/10.1038/bjc.2014.643
http://www.ncbi.nlm.nih.gov/pubmed/25535731
http://doi.org/10.3390/jpm11020095
http://doi.org/10.1177/0969141319883662
http://doi.org/10.1177/17455065211009746
http://www.ncbi.nlm.nih.gov/pubmed/33877937
http://doi.org/10.1016/j.pec.2022.04.006
http://doi.org/10.1136/bmjopen-2021-058635
http://doi.org/10.1186/s12885-021-08347-w
http://doi.org/10.1038/s41416-018-0069-y
http://doi.org/10.1186/s12885-022-09174-3
http://doi.org/10.3390/cancers13225813

Cancers 2022, 14, 4636 17 of 17

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Lévesque, E.; Hagan, J.; Knoppers, B.M.; Simard, J. Organizational challenges to equity in the delivery of services within a new
personalized risk-based approach to breast cancer screening. New Genet. Soc. 2019, 38, 38-59. [CrossRef]

Woof, V.G.; Ruane, H.; Ulph, F.; French, D.P; Qureshi, N.; Khan, N.; Evans, D.G.; Donnelly, L.S. Engagement barriers and service
inequities in the NHS Breast Screening Programme: Views from British-Pakistani women. J. Med. Screen 2020, 27, 130-137.
[CrossRef]

Gathani, T.; Reeves, G.; Broggio, J.; Barnes, I. Ethnicity and the tumour characteristics of invasive breast cancer in over 116,500
women in England. Br. ]. Cancer 2021, 125, 611-617. [CrossRef]

Woof, V.G.; Ruane, H.; French, D.P,; Ulph, F.; Qureshi, N.; Khan, N.; Evans, D.G.; Donnelly, L.S. The introduction of risk stratified
screening into the NHS breast screening Programme: Views from British-Pakistani women. BMC Cancer 2020, 20, 452. [CrossRef]
Bellhouse, S.; McWilliams, L.; Firth, J.; Yorke, J.; French, D.P. Are community-based health worker interventions an effective
approach for early diagnosis of cancer? A systematic review and meta-analysis. Psycho-Oncology 2018, 27, 1089-1099. [CrossRef]
Bellhouse, S.; Hawkes, R.E.; Howell, S.J.; Gorman, L.; French, D.P. Breast Cancer Risk Assessment and Primary Prevention Advice
in Primary Care: A Systematic Review of Provider Attitudes and Routine Behaviours. Cancers 2021, 13, 4150. [CrossRef]
Lapointe, J.; Buron, A.-C.; Mbuya-Bienge, C.; Dorval, M.; Pashayan, N.; Brooks, J.D.; Walker, M.].; Chiquette, J.; Eloy, L.;
Blackmore, K.; et al. Polygenic risk scores and risk-stratified breast cancer screening: Familiarity and perspectives of health care
professionals. Genet. Med. 2022. [CrossRef]

Qureshi, N.; Dutton, B.; Weng, S.; Sheehan, C.; Chorley, W.; Robertson, ]J.ER.; Kendrick, D.; Kai, J. Improving primary care
identification of familial breast cancer risk using proactive invitation and decision support. Fam Cancer 2021, 20, 13-21. [CrossRef]
Evans, D.G.; Edwards, M.; Duffy, S.W.; Tischkowitz, M. Sporadic implementation of UK familial mammographic surveillance
guidelines 15 years after original publication. Br. J. Cancer 2020, 122, 329-332. [CrossRef]

NHS England. What Are Integrated Care Systems? Available online: https://www.england.nhs.uk/integratedcare /what-is-
integrated-care/ (accessed on 24 April 2022).

Duffy, S.W.; Myles, ].P.; Maroni, R.; Mohammad, A. Rapid review of evaluation of interventions to improve participation in cancer
screening services. J. Med. Screen. 2017, 24, 127-145. [CrossRef] [PubMed]

Mann, R.M.; Athanasiou, A.; Baltzer, P.A.T.; Camps-Herrero, J.; Clauser, P; Fallenberg, E.M.; Forrai, G.; Fuchsjdger, M.H.; Helbich,
T.H.; Killburn-Toppin, F.; et al. Breast cancer screening in women with extremely dense breasts recommendations of the European
Society of Breast Imaging (EUSOBI). Eur. Radiol. 2022. [CrossRef] [PubMed]

Gilbert, EJ. Breast Screening—Risk Adaptive Imaging for Density (BRAID). Available online: https://clinicaltrials.gov/ct2
/show /NCT04097366 (accessed on 24 April 2022).

Hirko, K.A.; Rocque, G.; Reasor, E.; Taye, A.; Daly, A.; Cutress, R.I; Copson, E.R.; Lee, D.-W.; Lee, K--H.; Im, S.-A_; et al. The
impact of race and ethnicity in breast cancer—disparities and implications for precision oncology. BMC Med. 2022, 20, 72.
[CrossRef] [PubMed]


http://doi.org/10.1080/14636778.2018.1549477
http://doi.org/10.1177/0969141319887405
http://doi.org/10.1038/s41416-021-01409-7
http://doi.org/10.1186/s12885-020-06959-2
http://doi.org/10.1002/pon.4575
http://doi.org/10.3390/cancers13164150
http://doi.org/10.1016/j.gim.2022.08.001
http://doi.org/10.1007/s10689-020-00188-z
http://doi.org/10.1038/s41416-019-0631-2
https://www.england.nhs.uk/integratedcare/what-is-integrated-care/
https://www.england.nhs.uk/integratedcare/what-is-integrated-care/
http://doi.org/10.1177/0969141316664757
http://www.ncbi.nlm.nih.gov/pubmed/27754937
http://doi.org/10.1007/s00330-022-08617-6
http://www.ncbi.nlm.nih.gov/pubmed/35258677
https://clinicaltrials.gov/ct2/show/NCT04097366
https://clinicaltrials.gov/ct2/show/NCT04097366
http://doi.org/10.1186/s12916-022-02260-0
http://www.ncbi.nlm.nih.gov/pubmed/35151316

	Introduction 
	Materials and Methods 
	Design, Participants and Procedure 
	Analysis 

	Results 
	Risk and Health Economic Modelling 
	Health Inequalities and Communication with Women 
	Extending Screening Intervals for Low-Risk Women 
	Integration with Existing NHSBSP 
	Potential New Service Models 

	Discussion 
	Strengths and Weaknesses 
	Relationship with Existing Literature 
	Implications for Practice 
	Implications for Research 

	Conclusions 
	References

