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Introduction: New technologies and innovations are emerging that enable stratification of individuals based on their risk of cancer and enable screening or diagnostic investigations to be targeted to those at greatest need. This study aimed to explore, in depth, attitudes of the UK public toward this concept; specifically, anticipated acceptability and uptake, including barriers and enablers toward uptake.

Methods: A survey was completed independently by a representative population sample and alongside a researcher in think aloud interviews. Participants considered three of six exemplars of innovations that enable risk assessment: polygenic risk scores, geodemographic segmentation, continuous biomarker monitoring, minimally invasive tests, artificial intelligence analysis of medical records, and wearable devices. Questions about likelihood of taking up the risk assessment, acceptability of risk-stratified healthcare, and comfort about risk results being used within healthcare generally were set in asymptomatic then symptomatic scenarios. Descriptive statistics and multivariable logistic regression were used to explore differences between the exemplars and contexts and the impact of individual characteristics. Interviews were analyzed using codebook thematic analysis guided by the Theoretical Framework of Acceptability. Free-text comments were also analyzed thematically.

Results: 999 participants completed the survey independently and 21 participants completed interviews. Most were extremely or somewhat likely to take up risk assessments, ranging from 62.0% for geodemographic segmentation to 85.2% for minimally invasive tests in the asymptomatic scenario, and from 64.2% for geodemographic segmentation to 94.0% for minimally invasive tests in the symptomatic scenario. Acceptability of using the exemplars within risk-stratified screening or referral pathways followed a similar pattern, as did comfort with the results being used widely. Qualitative analyses showed that the innovations and risk-based approach were viewed as proactive and logical. Tests requiring low burden were preferred, although most participants did not consider the burden of any of the innovations to be too high, particularly in the symptomatic context.

Conclusions: Risk-based innovations for cancer early detection are intuitive. Study participants would be likely to engage and support their use for risk stratification, particularly for decisions about symptom investigations. These findings justify and promote ongoing research to develop these technologies and highlight features that increase public acceptability.
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1 Introduction

There is a growing interest in the utilization of new technologies in cancer research, motivated both by the “push” of healthcare needs but also the “pull” of technological advances. The burden of cancer is projected to continue to increase and healthcare resources are continually under pressure (1, 2). Early detection and prevention of cancer is, therefore, a policy priority as well as pertaining to individual benefits (3, 4). Through risk stratification, screening tests and tests to investigate symptoms that are possibly indicative of cancer can be allocated according to risk, with screening at an increased intensity or urgent and more invasive tests offered to those at higher risk of cancer, and screening at a reduced intensity or more routine tests offered to those at lower than population-level risk of cancer. This can benefit individuals through earlier diagnosis, improved decision making, and avoidance of interventions that are unlikely to be necessary. Clinicians may also benefit through improved decision making, and service providers through increased efficiency in resource use, decreased costs and improved service delivery (5).

New technologies and innovations have the potential to significantly impact healthcare, including in the field of early cancer detection and diagnosis (6, 7). Such developments include tests and sensors for (novel) cancer biomarkers, smartwatches, robotics, and new materials for wearable sensors (6–15). For instance, nanomaterial-enabled optical biosensors have the potential to detect cancer biomarkers at the low levels present in early-stage disease (14). Furthermore, the UK government recently outlined how wearable devices could contribute to transforming how people monitor their health (16). Many of these technologies utilize artificial intelligence (AI) (such as machine learning, deep learning or large language modeling) to analyse and summarize the data they collect (6, 17, 18). Amid the host of technological and governance issues that must be addressed, it is hoped that such technologies can improve individual healthcare and reduce inequality in access and outcomes (7). In this study, we consider the use of such innovations to calculate individual cancer risk and, in turn, inform risk stratification.

In addition to evidence of cost effectiveness, efficacy and acceptability to healthcare providers, innovations that enable risk assessment must meet the needs of and be acceptable to members of the public. This is needed in order to maintain positive population perspectives toward health services and ensure engagement with innovations. A growing body of research evidences high public acceptability toward risk-stratified cancer screening, although concerns about reduced screening for those with lower cancer risk persist (19, 20). The studies included in these reviews typically focus on phenotypic and/or genetic risk prediction methods. Public attitudes toward unfamiliar and novel technologies are unknown, and studies evaluating specific innovations are yet to be conducted.

Consequently, the overall aim of this study was to explore the receptiveness of members of the public to the concept of using risk-based innovations to inform risk stratification in asymptomatic and symptomatic contexts using a set of exemplars. Specifically, we aimed (1) to quantify public attitudes toward innovations for risk assessment and describe how these are influenced by individual level characteristics and beliefs about risk of cancer in the survey; (2) to understand participants' reasons for their likelihood of taking up the offer of each risk-based innovation based on the free text survey data; and (3) to understand public attitudes to risk-based innovations in depth at an individual level and identify key barriers and enablers toward uptake in think aloud interviews.



2 Methods


2.1 Study design

This paper reports the findings of a survey that was completed independently online by a population-based sample and in the context of an interview by a separate sample that completed the same survey whilst thinking out loud. This multi-methods approach was used to gain understanding of representative public attitudes plus in-depth insights toward these perspectives (21, 22). Ethical approval was obtained from the University of Cambridge Psychology Research Ethics Committee (PRE.2023.064). Data were collected in August/September 2023.



2.2 Survey design

In the main survey, participants answered a set of questions on one exemplar of risk-based innovations from each of three categories (use of personal data, testing biomarkers, and new technologies) (Table 1). The six possible exemplars were polygenic risk scores (PRS), geodemographic segmentation, minimally invasive tests, continuous monitoring of biomarkers, artificial intelligence (AI) analysis of medical records, and wearable devices. The exemplars had been identified and prioritized using a survey with 20 experts or academics in the field to reflect a diversity of emerging technologies that are relevant to screening, early detection and diagnosis in multiple cancer types, as described elsewhere (Dennison et al., unpublished).1 One exemplar from each category was used and the three exemplars were displayed in a random order. A similar number of responses were collected on each exemplar.


TABLE 1 Summary of the risk-based innovations used as exemplars.
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For each exemplar, participants were provided with a short video clip that described the innovation, how it could be used to assess cancer risk and what providing the data/taking part would involve. They had the option to read the transcript if they did not want to watch the video, and all participants were provided with the same information in a written text descriptor (summarized in Table 1).

The questions were presented in the form of scenarios. First, participants were asked to imagine that they felt fine (that they had no symptoms of cancer) and were invited to take part in a risk assessment using the innovation and that the risk result could inform cancer screening. Second, they were asked to imagine that they had a vague symptom that could have various causes (that they had lost weight without trying) and were invited to take part in a risk assessment using the innovation so that the general practitioner (GP) could use the risk result to help decide which tests to use to investigate the symptom. As shown in Table 2, outcomes included the likelihood of taking up the risk assessment, the acceptability of risk-stratified healthcare and, lastly, how comfortable they would be with the innovation being used within healthcare more generally. Five-point Likert response scales were used throughout. Survey participants were also given the option to explain their reasons for being likely or unlikely to take up the offer of each risk assessment by providing a free text response to the question “In a few words, why?”.


TABLE 2 Key outcomes, details of survey questions and response options.
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Before these questions, participants were given a short description of the context for the study. At the end of the survey, participants provided demographic information and completed measures about lifestyle and screening history, thoughts and beliefs about cancer, and attitudes toward online privacy. A copy of the survey is available via the repository (see Data availability statement).



2.3 Participants and recruitment

For the online survey, a sample of ~1,000 participants was recruited through an online participant recruitment platform. A sample of 958 participants would enable us to estimate 66% likelihood of uptake of risk-based innovations with a 95% confidence level and 3% error margin. Participants were resident in the UK and representative of the UK population in terms of age, sex, ethnicity, and socioeconomic status. The first 600 participants were recruited by age, sex and ethnicity using the recruitment platform's representative sample feature. The sample was then enriched with 400 participants of lower socioeconomic status (self-reported socioeconomic decile 1–3 based on the response to the question “Where would you put yourself on the socioeconomic ladder?” previously given on the recruitment platform) using the recruitment platform's pre-screeners to match the demographics of the UK population.

For the interview study, a separate sample of 21 adult participants were recruited using purposeful sampling by a market research company. Based on our experience of conducting qualitative research on similar topics, this sample size was anticipated to meet the concept of information power (considering the study aim, sample specificity, use of theory, dialogue quality, and analysis method) (23). Participants with a variety of ages, socioeconomic backgrounds, ethnicities and both sexes were sought. We also interviewed two participants with a previous cancer diagnosis and three interviews used an interpreter with participants who would not have taken part in English; these participants were identified from South Asian communities with which the recruitment company had existing connections. People with medical expertise were not approached to take part.

All participants were compensated for their time at the rate recommended by the recruitment agencies. Survey participants read the study information and gave informed written consent at the start of the survey; consent was obtained prior to the interviews by the recruitment agency.



2.4 Data collection

The survey was hosted by Qualtrics and survey study participants completed it independently. The interviews took place using the screensharing function on Zoom video conferencing, which was also used to video-record them. One or two researchers conducted each interview. After ensuring they understood the purpose of and procedure for the interview, the researchers encouraged the participants to work through the survey whilst verbalizing their thoughts on the information provided, reasons for their answers to the questions, etc. English-language interviews lasted for up to 1 h, and non-English-language interviews lasted for 1.5 h. If necessitated by time restrictions, participants were able to complete two exemplars within the survey rather than three.



2.5 Analysis


2.5.1 Quantitative analysis

All quantitative analyses were performed using Stata 15. Descriptive statistics were used to summarize the characteristics of the participants and their responses to each of the three key outcomes for each of the six exemplars and in both the asymptomatic and symptomatic contexts, plus the impact of a low- or high-risk result on perspectives toward risk stratification. For analysis of the acceptability of incorporating each exemplar within risk-stratified screening, one variable was created based on the mean responses to the questions about screening frequency and starting age. Differences between asymptomatic and symptomatic scenarios were assessed using the Wilcoxon signed-rank non-parametric test to identify the significance of asymptomatic/symptomatic context on views within the sample.

Multivariable logistic regression was used to explore differences between the six exemplars within asymptomatic and symptomatic contexts and the impact of binary individual level characteristics: age (older vs. younger than 40 years), sex (female vs. male), smoking status (ever smoker vs. never smoker), ethnicity (ethnic minority vs. white), education level (university level vs. below university level), socioeconomic status decile (higher vs. lower socioeconomic status i.e. deciles 4–10 vs. 1–3), prior history of cancer (yes vs. no), technology use (at least one of using an app, tracking device or wearable daily vs. no use or use of only an electronic device daily), and perceived risk of cancer (likely vs. neither likely nor unlikely or unlikely). In all these analyses the outcomes were dichotomised by combining ‘extremely' with ‘somewhat'. The order in which exemplars were presented and an interaction between the exemplar and the order were also included.

Differences between the six exemplars are presented as predicted probabilities ±95% confidence interval using the -margins- command. The impact of individual characteristics on likelihood of uptake are presented as odds ratios ±95% confidence interval.



2.5.2 Qualitative free-text comment analysis

The free-text comments were analyzed thematically following a previously used approach (24) using Microsoft Excel spreadsheets. The comments were analyzed in 12 groups according to the dichotomy described above, and for each of the six exemplars of innovations. Comments given in asymptomatic and symptomatic scenarios were combined.

First, any comments that were generic to cancer, screening, symptoms, and/or risk assessments (that is, not specific to the innovation) or were inconsistent with the participant's previous answer (such as if they answered “very unlikely” to take part but provided a free text answer suggesting they would take up the test) were excluded.

For each group, at least two researchers familiarized themselves with a subset of the comments (20% of each group) and suggested a list of potential codes. The researchers met to agree initial code lists then piloted these on a subset of the comments (20%). After comparing and reviewing the coding decisions, they developed consolidated code lists for each group, repeating the codes across groups where possible. The remaining free text comments were then coded into the consolidated lists. Each comment was coded by two researchers and any discrepancies were discussed to reach an agreement. If a comment contained multiple meanings, it was assigned to as many codes as appropriate to cover the content.

Individual codes were then mapped into overarching themes based on the Theoretical Framework of Acceptability (TFA) (25). Four of the TFA domains were relevant—affective attitude, burden, ethicality and perceived effectiveness. A fifth domain, anticipated benefits and costs, combined the opportunity costs and anticipated benefits domains. No comments related to intervention coherence or self-efficacy. Summaries (definitions) of each code were developed and the proportion of included comments relating to each TFA domain within each exemplar was presented.



2.5.3 Qualitative interview analysis

Recordings of the interviews were transcribed verbatim. For the interviews completed in multiple languages, only the parts in English were transcribed (i.e., the participant's words that were spoken through the interpreter). Data analysis was conducted using codebook thematic analysis (26), using NVivo 12 software. An initial deductive coding frame was developed based on the six exemplars of risk-based innovations and the structure of the survey, and further codes were added inductively based on participants' responses. An initial sample of the transcripts was coded by two researchers to develop and refine this coding frame. The remaining transcripts were coded by one researcher. After summarizing and reviewing each code, we defined themes according to key and repeating concepts. These were guided by the TFA where applicable (25).





3 Results


3.1 Participant characteristics and survey responses

The survey was live for ~80 h. In that time, 1,052 individuals registered with the recruitment platform accessed the survey, and 999 completed the survey and their responses were included (41 individuals withdrew, 11 individuals timed-out, and one was excluded because they completed the survey exceptionally quickly in 3 min). The 999 participants took a median 18 min 45 s to complete the survey (IQR 14 min 57 s to 25 min 10 s). A total of 21 interviews were also conducted: 18 were completed in English, two in Bengali, and one in Indian Punjabi.

Participant demographics are shown in Table 3. Reflecting the sampling strategy, survey participants were largely representative of the UK population with respect to age, sex, ethnicity, and self-reported socioeconomic status. There was a greater proportion of interview participants aged 40–59 years, and nine participants reported White ethnicity and the remaining 12 participants were of Asian, Black or mixed ethnicity, or another ethnicity. Only one interview participant reported socioeconomic status 1–3, although education level and employment distributions were similar across the samples. All interview participants attended screening that they had been invited to, while attendance ranged from 85.6 to 91.7% of survey respondents, depending on the screening programme. Thoughts and beliefs about cancer and screening were also comparable between samples (Supplementary Table 1), but interview participants had more familiarity with health apps and more positive attitudes toward technology and use of data (Supplementary Table 2).


TABLE 3 Self-reported participant demographics and characteristics.
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All but one participant provided at least one free-text comment to explain their likelihood of taking up the risk assessment in both asymptomatic and symptomatic scenarios. Across the six risk-based innovations, a total of 4,616 comments were given to explain why someone was likely to take up the risk assessment (positive comments) and 1,342 comments were given to explain why someone was unlikely to take up the risk assessment (negative comments). 3,536 comments were omitted because they were inconsistent with the stated likelihood of taking up the risk assessment (3.7% comments), were too vague to classify their meaning (47.1% comments), or were not specific to risk assessment using the innovation in question (49.2% comments). This included comments that the participant would do whatever their GP recommended to benefit their health, stating the aim of early diagnosis, or that they did not want any risk assessment.

In the remainder of the Results section, we report the findings of the survey in relation to the three main outcomes: (Section 3.2) likelihood of taking up the risk assessment (plus explanations of reasons for likelihood based on free text comments, considering each innovation in turn), (Section 3.3) acceptability of risk-stratified healthcare, and (Section 3.4) comfort with the risk assessment being kept on record. Results of the think aloud interviews relating to barriers and enablers of risk-based innovations are then described (Section 3.5).



3.2 Likelihood of taking up the risk assessment

The majority of survey participants responded that they would be extremely or somewhat likely to take up the offer of risk assessment with each of the exemplars both in asymptomatic and symptomatic scenarios, as summarized in Figure 1A (with unadjusted results shown in Supplementary Table 3A). The percentage of participants likely to take up risk assessment in the asymptomatic scenario ranged from 62.0% for geodemographic segmentation to 85.2% for minimally invasive tests, and from 64.2% for geodemographic segmentation to 94.0% for minimally invasive tests in the symptomatic scenario. However, more than one in five participants would be unlikely to take up geodemographic segmentation, AI or wearable devices in the asymptomatic scenario or geodemographic segmentation in the symptomatic scenario. Across all exemplars, participants indicated greater likelihood of taking up the offer of risk assessment in the symptomatic scenario than in the asymptomatic scenario (p ≤ 0.001 across the five-point Likert scale).


[image: Figure 1]
FIGURE 1
 Likelihood of taking up the risk assessment: (A) probability of being likely to take up each risk assessment adjusted for individual demographics and the order in which the exemplars were presented; (B) odds ratios for being more or less likely to be likely to take up any risk assessment. n = 999 survey participants. Error bars represent 95% confidence intervals. SES, socioeconomic status. Based on dichotomised outcomes (i.e. likely or extremely likely to take up the risk assessment vs. neither likely nor unlikely, somewhat unlikely or extremely unlikely).


The order in which participants viewed different risk assessments impacted how likely they were to take it up (Supplementary Figure 1A). Of note, geodemographic segmentation tended to be more likely to be taken up when it was considered first, rather than when it was the second or third exemplar seen.

The impact of participant characteristics on likelihood of uptake across all exemplars is shown in Figure 1B. Participants from ethnic minority groups were less likely to take up risk assessment in the asymptomatic scenario (p = 0.019). Those with higher socioeconomic status and greater technology use were more likely to take up risk assessment in both the asymptomatic (p = 0.003 and p < 0.001, respectively) and symptomatic scenarios (p = 0.030 and p = 0.005, respectively). The impact of personal characteristics differed somewhat by exemplar (Supplementary Table 4A); for example, in the symptomatic scenario, the association with familiarity with health apps was only statistically significant when applied to wearable devices (p < 0.001).


3.2.1 Reasons for the likelihood of taking up the risk assessment across different exemplars

An explanation of how each TFA domain contributed to participants' reasoning, with illustrative quotations, and the proportion of participants citing each reason are presented in Supplementary Table 5, Figure 2, respectively. Notably, several of the concepts applied both positively and negatively. For example, some participants were likely to take up PRS, minimally invasive tests and continuous monitoring of biomarkers because they considered them trustworthy and reliable whereas other participants would not want to take them up because they considered them not trustworthy or reliable enough. Similarly, some participants would take up wearable devices and continuous monitoring of biomarkers because they required low effort (describing them as easy, non-invasive, and convenient) whereas other participants thought they were intrusive and required too much effort (describing them as burdensome and invasive).


[image: Figure 2]
FIGURE 2
 Percentage of positive and negative free text comments included in each domain of the TFA to describe survey participants' reasons for the likelihood of taking up the risk assessment. Percentage of comments add up to more than 100% as some comments contained multiple meanings. Positive comments indicate reasons for being likely to take up the risk assessment; negative comments indicate reasons for being unlikely to take up the risk assessment.



3.2.1.1 PRS

The most common reason for taking up PRS was the low burden and simplicity of providing a saliva or blood sample, referred to in 46% of the included comments (n = 116). Conversely, the perceived effectiveness (mistrust of PRS algorithms, methodology or technology), ethicality (concerns about the storage and sharing of genetic data) and anticipated costs (potential to be penalized for “good genes” with fewer screening or investigative tests) were all suggested reasons for not taking part.



3.2.1.2 Geodemographic segmentation

Several different benefits were anticipated with regards to geodemographic segmentation: personal interest or reassurance, to aid their GP in understanding their health, and contributing to research and helping others. This domain amounted to 17% of the included, non-generic comments (n = 81). Other participants said that they were simply willing to share geodemographic information (11% comments [n = 52]) but over twice as many participants saw geodemographic information as irrelevant or too impersonal to be useful for cancer risk prediction (29% comments [n = 140]).



3.2.1.3 Minimally invasive tests

Reasons for taking up minimally invasive tests tended to either be associated with the low burden or perceived effectiveness (particularly that biomarkers were reliable and accurate therefore leading to early detection of cancer), meaning that they were considered to have little disadvantage. However, half of the negative comments included that the burden of completing a minimally invasive test was still too great in terms of time or invasiveness (7% comments [n = 23]), particularly for screening.



3.2.1.4 Continuous biomarker monitoring

Like minimally invasive tests, burden and perceived effectiveness were the most frequently noted reasons for being willing to take up continuous monitoring of biomarkers, being included in 20% (n = 79) and 39% comments (n = 157), respectively. However, the same number of participants felt that the burden was too high in terms of discomfort, intrusiveness and mental health impact (20% comments [n = 79]), and others generally disliked the concept (12% comments classified as affective attitude [n = 48]).



3.2.1.5 AI analysis of medical records

The most frequently cited reason for being willing for AI to assess cancer risk was its perceived effectiveness, mentioned in 25% of the included comments (n = 117). These comments focused on the potential of AI to analyse large quantities of data, making it powerful at identifying trends and without the inevitable error, bias and time limitations of humans. Conversely, many did not trust it (either in general or due to the newness of AI; affective attitude), and did not want or think AI would be accurate enough to take on a role that they considered to belong to GPs (anticipated costs and perceived effectiveness). These domains each covered a third of the negative comments (n = 65 to 85).



3.2.1.6 Wearable devices

There were more positive comments on the burden of wearable devices than negative, with participants indicating that it would be easy since they already had a device or anticipated it to be a low effort risk assessment. 18% of the included comments (n = 97) were negatively related to ethicality: specifically, participants were concerned about data security, surveillance, and the potential to attribute blame for a high cancer risk to the individual.




3.3 Acceptability of risk-stratified screening or referral

The majority of survey participants also responded that use of the exemplars within risk-stratified screening or referral pathways would be extremely or somewhat acceptable (Figure 3A; with unadjusted results shown in Supplementary Table 3B). Notably, however, over 13.5% of participants considered the use of geodemographic segmentation, AI or wearable devices unacceptable in both asymptomatic and screening contexts, and 10% considered the use of geodemographic segmentation extremely unacceptable in the symptomatic context. Acceptability was higher in the symptomatic context than in the asymptomatic context (p ≤ 0.001 across the five-point Likert scale) for all exemplars except minimally invasive tests where no difference was seen (p = 0.224). In adjusted analyses (Supplementary Figure 1B), the pattern of acceptability was similar to that of the uptake of risk assessment for each exemplar, with geodemographic segmentation less acceptable, and PRS, minimally invasive tests and continuous biomarker monitoring more acceptable, in both the asymptomatic and symptomatic contexts.
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FIGURE 3
 Acceptability of risk-stratified screening or referral: (A) probability of finding risk-stratified screening or referral acceptable adjusted for individual demographics and the order in which the exemplars were presented; (B) odds ratios for being more or less likely to find risk-stratified screening or referral acceptable. n = 999 survey participants. Error bars represent 95% confidence intervals. SES, socioeconomic status. Based on dichotomised outcomes (i.e., likely or extremely acceptable vs. neither acceptable nor unacceptable, somewhat unacceptable or extremely unacceptable).


In both contexts, female participants were less likely to consider use of any of the exemplars acceptable (p = 0.002 in the asymptomatic context and p < 0.001 in the symptomatic context) and those with greater technology use were more likely to take up risk assessment (p = 0.005 in the asymptomatic context and p = 0.021 in the symptomatic context; Figure 3B, Supplementary Table 4B). Participants with higher socioeconomic status were more likely to consider risk assessment acceptable in the asymptomatic context than those with lower socioeconomic status (p = 0.044).

Supplementary Figure 2 shows the anticipated impact of a risk estimate, based on each exemplar, on the likelihood of attending screening. For most participants (62.3 to 68.0%), a low risk estimate would not change the likelihood of attending screening whereas most (69.1 to 82.1%) considered they would be more likely to attend screening if they received a high risk estimate. Supplementary Figure 2 also shows the reasonableness of referral for different priority tests based on each risk estimate. Across both risk levels and all exemplars, the most frequent response was that this was reasonable. For each exemplar, it was more frequently considered reasonable in the high risk scenario compared to the low risk scenario (79.1 to 95.0% vs. 48.6 to 73.8%; p < 0.001). Participants considered that using geodemographic segmentation to inform referral was least reasonable compared to the other innovations.



3.4 Comfort with results from risk assessments being kept on record

Comfort with the results from risk assessments being kept on record and used within the NHS to assess risk of other health conditions was generally high (Figure 4A, Supplementary Table 3C, Supplementary Figure 1C). Over 83.0% of respondents were comfortable with the NHS holding data on PRS, minimally invasive tests and continuous biomarker monitoring. Between 66.5% and 74.5% were comfortable with data from geodemographic segmentation, AI and wearable devices being held by the NHS.
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FIGURE 4
 Comfort with results from risk assessments being kept on record: (A) probability of being comfortable with the results from different risk assessments being kept on record adjusted for individual demographics and the order in which the exemplars were presented; (B) odds ratios for being more or less likely to be comfortable with results from risk assessments being kept on record. n = 999 survey participants. Error bars represent 95% confidence intervals. SES, socioeconomic status. Based on dichotomised outcomes (i.e. likely or extremely comfortable with the NHS having the results from different risk assessments on record vs. neither comfortable nor uncomfortable, somewhat uncomfortable or extremely uncomfortable).


Participants with higher socioeconomic status and technology use were more likely to be comfortable across all the exemplars than participants with low socioeconomic status or lower technology use (p = 0.013 and p = 0.007, respectively; Figure 4B, Supplementary Table 4C).



3.5 General barriers and enablers to risk-based innovations


3.5.1 How participants felt about risk-based innovations (affective attitude)

Overall, using innovations to assess cancer risk prior to a healthcare decision was viewed as a “proactive” approach that made “absolute sense”, with individuals generally welcoming their use. Also, the participants were positive toward each of the specific exemplars presented. However, concerns were expressed that the ease of some of the methods may lead some people to undertake them without considering the potential consequences or implications. This particularly related to minimally invasive tests, but also applied to other exemplars (Table 4; Quote 1).


TABLE 4 Think-aloud interview participant quotations by Theoretical Framework of Acceptability (TFA) domain.
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3.5.2 Perceived level of effort required to participate (burden)

The perceived level of effort required to participate was a key consideration for participants. A key benefit of AI and geodemographic segmentation was that data retrieval does not require high levels of involvement by individuals. Wearing a smart device or sensor to continuously monitor biomarkers, or providing a sample for a PRS were also viewed as low effort because they only require one appointment or setting up a device that then works autonomously. The perceived burden of minimally invasive tests was dependent on two factors: the type of test required and the test location. Urine and stool samples made some participants feel uncomfortable so they preferred saliva and blood tests. Tests that could be carried out at home were preferred to those taking place in a clinical setting. They were considered to be “less stigmatizing” and a “very natural step” (Table 4; Quote 2).



3.5.3 The extent to which risk-based innovations fit with an individual's value system (ethicality)

This domain tended not to be mentioned within the interviews, with the exception of concerns about the impact of geodemographic segmentation on people of lower socioeconomic status. In this context, firstly, participants were uncomfortable about the potential of causing individuals from this group to feel judged: that geodemographic segmentation may make people feel “guarded” and inadvertently cause negative views toward the decisions that people had made such as lifestyle choices, occupation, etc. Secondly, prior to correction by the interviewer, participants were concerned that geodemographic segmentation may disadvantage the poorest in society because they may not have the opportunity to move to areas that have fewer health risks. This idea was viewed as unethical and went against participants' value systems. Overall, members of the public placed importance on fair cancer healthcare, particularly for people who may already face disadvantages (Table 4; Quotes 3 and 4).



3.5.4 The extent to which participants understand the risk-based innovation and how it works (intervention coherence)

Overall, understanding was high across all risk assessment methods. Participants had prior knowledge of some of the exemplars (such as wearable devices and minimally invasive tests). Other methods were newly introduced during the interviews but were considered to be easily understood (such as continuous monitoring of biomarker levels and PRS).

In terms of coherence of the risk estimate, participants did not want to receive a risk categorization that could not be explained and expected to receive, at a minimum, a general explanation as to why they received their risk score. A lack of explanation would make them “untrust[ing]” of the NHS, particularly if they had a high risk of cancer. In particular, they would feel more positive toward the use of AI if a report could explain and justify their result (Table 4; Quote 5). This principle also applied more generally: by understanding the components of their risk score, they would treat it in a more serious manner, which could motivate people to engage in behavior change to lower their cancer risk or “make important decisions about their health” in conversation with healthcare professionals.

Furthermore, communication strategies were viewed as important in terms of the acceptability of cancer risk assessments to the public. Participants suggested that any changes to current practice should be communicated through public campaigns, letters formally stamped with the NHS logo, and conversations with GPs as the point of contact. More specifically, conflicting opinions were expressed regarding the communication of the results from individuals' risk assessments. Numeric scores were viewed as precise but had the potential to be “morbid” and it could lead to comparison amongst friends and family. Presenting the risk score categorically (high, medium or low risk) was equally conflicting as although it may be easier for the public to understand, individuals on the lower or higher ends of these scales could get either a false sense of security or anxiety.



3.5.5 Benefits, profits or values that must be given up to engage with the risk-based innovations (opportunity cost)

A variety of opportunity costs were associated with different exemplars of risk assessments. For example, participants considered the implications for health insurance associated with geodemographic segmentation. Specifically, they worried if they were found to be at higher risk of cancer based on where they lived, it could cause companies to raise insurance premiums that may, in turn, exacerbate inequalities (Table 4; Quote 6). Additionally, it felt inevitable that continuous monitoring would be accompanied by an invasion of their privacy. This was particularly true for wearable or mobile technologies that would show lifestyle factors. However, they felt that the benefits outweighed invasion of privacy (Table 4; Quote 7).

Notably, participants considered the impact of AI on their relationship with healthcare professionals (the “human vs. technology” trade-off) with mixed emotions. Positively, some participants felt that AI would be more accurate than a GP. It could also be more efficient, which, in turn, may lead to positive financial implications and reduced workload and time pressure. In contrast, other participants expressed a strong preference for maintaining the traditional GP-patient relationship, valuing the interactions and conversations with healthcare professionals. They felt that the AI algorithm might generate a less accurate risk assessment because GPs could notice additional, external factors that an algorithm may miss. Participants with concerns about AI therefore did not want their healthcare to be informed solely by the output of the algorithm. They felt that AI should be used as a side-by-side or secondary check to ensure other risk assessments did not miss anything and to confirm the risk categorization (Table 4; Quotes 8 and 9).

Irrespective of exemplar, participants spontaneously mentioned concerns for data access and storage. Health data is sensitive information, therefore, they were accepting of it being accessed as long as it was for a risk assessment, as intended, and that it was safeguarded appropriately to prevent misuse (Table 4; Quote 10). Participants generally trusted the NHS with their medical data, and felt it was logical to use it to assess risk of other health conditions, not just cancer. They also expressed an interest in having access to their own personal data.



3.5.6 The extent to which risk-based innovations are perceived as likely to achieve their purpose (perceived effectiveness)

Participants were quick to share their perspectives on the effectiveness of the exemplars. Perceived effectiveness was impacted by the type and frequency of data collection, in addition to anticipation of errors and inaccuracies to be introduced within data-based innovations.

Participants tended to place a greater value on the collection of biological data than lifestyle or environmental data. It was seen to be “more sophisticated” and objective because it examines individualized internal processes and therefore also incorporates the effects of lifestyle and environmental factors. Nevertheless, both were valued: geodemographic segmentation alone could be too generalized or generic (Table 4; Quote 11) yet PRS would not take important environmental and lifestyle factors into consideration; for example, an individual may have a low genetic risk of developing cancer but live in a polluted environment or lead an unhealthy lifestyle, which could place them at higher risk (Table 4; Quote 12). Furthermore, the potential of biological data extended beyond cancer prediction, such as alerting individuals to biological indicators of other diseases, as well as benefiting society by providing further information on disease processes.

When considering the frequency of data collection, continuous methods were favored over one-off snapshots. Continuous data collection was viewed as comprehensive, reliable and accurate as it provides real time data (Table 4; Quote 13). Although single data collection events required less effort, upon reflection, participants felt that they had more potential for inaccuracies as the results reflect a person's health at just one moment in time (Table 4; Quote 14). They were also concerned that additional, non-fixed factors may impact the results. For example, the quality of the test conducted, potential for contamination, or additional biological and lifestyle related factors that change regularly (sleep, stress, diet etc). On the other hand, concerns about the accuracy and trustworthiness of wearable devices were heightened by the need to remove it and disrupt constant wear (e.g., to charge it or to wash).

For AI, participants were concerned that medical records might not be up to date. This applied to individuals not attending their GP regularly or only attending if they became symptomatic, and in cases where health events had not been reported and therefore would be unknown to the algorithm (Table 4; Quote 15). Participants proposed that a standardized check of health records should be conducted prior to running AI to ensure that there is a consistent baseline level of information and that no biases are present within the algorithm. They also worried that individuals may not report geodemographic segmentation data correctly leading to errors in risk categorization (Table 4; Quote 16).



3.5.7 Confidence that they can perform the behavior required to participate in the risk-based innovation (self-efficacy)

Self-efficacy was not considered for AI, continuous monitoring of biomarkers, geodemographic segmentation or PRS. These risk assessments tend not to require an individual to perform a behavior independently for data collection.

Conversely, participants showed a lack of confidence that they or others could complete the tests that required more active engagement. As described for the burden of completing certain minimally invasive tests, some were unsure about providing urine or stool samples at home. Moreover, they worried that a lack of self-efficacy would impact the accuracy of risk assessments based on data collected by wearable devices, which could lead to an inaccurate risk category (Table 4; Quote 17). These technologies might be difficult for individuals who are not “tech savvy”. Participants felt that they may not be able to correctly operate the technologies or understand the outputs, which could lead to them feeling “overwhelmed” and “agitated”.



3.5.8 Individual personality and context (other)

Lastly, throughout the interviews it became apparent that the level of receptiveness to risk assessment methods varied according to individual tendencies, irrespective of the exemplar risk assessment method they reviewed. Some participants demonstrated an avoidant coping style toward health and therefore were not enthusiastic to take up a risk assessment as they “would rather not know”. In contrast, some participants proactively “want[ed] to keep on top of their health” and therefore were enthusiastic about taking up the innovations and finding out the results. Others explained that such decisions should be taken in conjunction with other family members (Table 4; Quote 18).





4 Discussion

This research highlights the receptiveness of members of the UK public to the concept of using novel innovations to estimate cancer risk and inform cancer screening or, in particular, referral to investigate symptoms. Across the six exemplars, 69 to 94% of the sample reported they were likely to take up a risk assessment and 69 to 91% considered it acceptable to inform risk stratification (excluding geodemographic segmentation, as discussed below). Interview participants were fundamentally positive about risk-based innovations, particularly when they found the concepts logical and intuitive. Together with the learnings about optimizing acceptability, these findings suggest that engagement with novel risk assessments is likely to be high if offered to the public prior to screening or if they presented with symptoms in primary care.


4.1 Discussion of findings


4.1.1 Overall summary

We observed moderate or high overall intended uptake and acceptability of the use of risk-based innovations to stratify care in both asymptomatic and symptomatic contexts; this is consistent with previous studies that have shown public willingness to participate in cancer risk assessments (19, 27, 28). Analyses of interview and free text data highlighted underlying positive attitudes toward such approaches: they are considered logical, intuitive and likely to be effective. Of note, though, acceptability of risk stratification tended to be slightly lower than likelihood of risk assessment uptake. This suggests that participants were more eager to learn of their cancer risk than for it to be used to inform screening or investigations for symptoms (more so in the symptomatic context). Although we were not able to explore why this might be in the qualitative analyses, it is known that the public anticipate gaining knowledge of their personal risk of cancer to be empowering and motivational for behavior change (19, 29, 30), as well as benefitting health by enabling those at high risk to access increased monitoring and/or prophylactic intervention (31–34). Risk assessment in the symptomatic context may additionally be considered a form of investigation and more participants considered the effort required to complete a risk assessment worthwhile when symptomatic.

Differences in views according to individual participant characteristics are important to consider for implementation of risk-based innovations, alongside individual differences that are not easy to gauge such as avoidant or proactive tendencies. Across the three main outcomes, participants were statistically more likely to respond positively if they reported use of health apps. This was particularly true for wearable devices. Other associations with participant characteristics varied by outcome and context. For example, female participants were less likely to find risk-stratified healthcare acceptable, but there were no differences compared to males for anticipated uptake. Conversely, participants of minority ethnicity and low socioeconomic status were less likely to say they would take up a risk assessment for screening but did not find risk stratification significantly less acceptable than their comparators. This is consistent with socioeconomic and ethnic inequalities in uptake of screening itself (35–37). Similar patterns have been found for returning a fecal immunochemical test kit in symptomatic patients (38), help-seeking for possible cancer symptoms (39), and in a study assessing uptake of breast cancer risk assessments based on phenotypic and genetic risk and mammographic density (40). It is therefore necessary to ensure that those already less likely to engage in screening and present with symptoms are not discouraged further through the prospect of a risk assessment.



4.1.2 Minimally invasive tests

Almost all participants were likely to take up the offer of minimally invasive tests, find risk stratification based on the results acceptable and be comfortable with the results being kept on record (a minimum 85.0% across all outcomes), making them the most popular risk assessment method examined. Qualitative findings suggest that this was driven by understanding that such tests would require low effort, particularly where they could be completed in comfort at home rather than needing an appointment, and were perceived as effective, reliable and accurate due to their biological nature. This aligns with some of the reasons recent focus group participants gave for their enthusiasm for multi-cancer early detection blood tests: their familiarity with and the relatively non-invasive and standardized nature of blood tests (41). Likewise, discrete choice experiments have reported minimally invasive tests (e.g., stool tests, breath analysis and blood tests) to be preferred over more invasive tests for population cancer screening, providing that sensitivity is sufficiently high (42, 43). As such, while our study is the first to ask participants to consider such tests for cancer risk assessments rather than screening itself, the findings are consistent with views on their use in other contexts.



4.1.3 Continuous biomarker monitoring

The second innovation based on biomarkers—continuous monitoring of biomarkers—was regarded similarly positively to minimally invasive tests, albeit with perceptions of a greater burden yet higher potential effectiveness. This may explain why 12.8% more participants were likely to take up the offer in the symptomatic rather than asymptomatic scenario. There is a lack of information about perceptions of continuous biomarker monitoring in the context of cancer healthcare. Observational research is needed to understand to what extent experiences in other contexts such as continuous glucose monitoring in people with diabetes, where empowerment and reassurance are experienced alongside burdens due to device complexity and the non-stop nature (44, 45), would be experienced if it were used for cancer risk assessments. Nevertheless, our findings suggest that the public would be open to this idea.



4.1.4 Wearable devices

The use of wearables in healthcare is a rapidly growing area of interest to both individuals and policy makers, both in those with cancer diagnoses and healthy or asymptomatic individuals (16). There is a paucity of data on acceptability in certain areas relating to cancer; for example, while there is promise in the feasibility, efficacy and acceptability of wearable devices to promote physical activity in cancer survivors, public perspectives toward portable, non-invasive technologies for early breast cancer detection remain unknown as research has focused on technological developments so far (13, 46). In this study we found that participants were moderately receptive to the use of wearable devices compared to the other exemplars included. They described positive aspects including the acceptable burden because data are collected automatically once the device is set up, which may only take one appointment as for some of the other innovations, and/or they may already own a wearable device (e.g., a smartwatch). This aligns with the observed association between receptiveness and familiarity with health apps. Participants also expressed a range of potential added benefits from motivating behavior change to altruistically contributing to medical knowledge. Ethicality due to the focus on lifestyle factors was the greatest concern; specifically, the potential to attribute blame for a high cancer risk on lifestyle choices as well as privacy concerns over continuous surveillance. This issue is of paramount importance to policymakers and researchers too (47).



4.1.5 PRS

Participants were receptive to PRS with 84.7% and 88.1% participants likely to take up this test in asymptomatic and symptomatic contexts, respectively, with more certainty in uptake in the symptomatic context. This is comparable to findings on the acceptability of PRS for risk assessment in hypothetical contexts (48–51), as well as 84 to 96% uptake observed in research settings (52). Our study reveals that the low burden of PRS was the key driver in this context: participants were encouraged by the requirement to only provide one sample at home or at a single appointment. Furthermore, only a few participants reported concerns about PRS, although these are important to consider as they have been observed in other settings. Some raised issues of ethicality or data protection (52). Others considered a potential cost in which access to other tests may be delayed or withdrawn whilst waiting for the PRS result or upon receiving a low genetic risk of cancer. Although fear of delays could be mitigated by appropriate policies, the concern about being “penalized for good genes” echoes public objections about risk stratification for those with lower cancer risk and again highlights the value of screening within society (19). Lastly, other participants expressed mistrust of the accuracy of the algorithms, methodology or technology.



4.1.6 AI analysis of medical records

Receptiveness to AI analysis of medical records fell in the midpoint between the other exemplars. The qualitative work suggests there were mixed views accounting for the different perceived impacts of AI on relationships with healthcare professionals: some considered AI favorably, suggesting that it could outperform or help their overworked GP, whereas others were concerned that it was more fallible, would negatively affect this valued relationship or would have unintended impacts such as deskilling GPs. This echoes public perspectives toward AI in a multitude of clinical contexts, albeit not specifically for analyses of medical records, where authors of a systematic review report that “the acceptability of AI generally hinged on its use as a support, rather than a replacement, of healthcare providers” (53). It was also important to our participants that they could understand how their risk classification came about, which put some people off the prospect of AI. A recent review suggested that inability to understand an AI algorithm reduced patient autonomy in decision making and led to greater psychological harms caused by misdiagnoses (54). Nevertheless, amongst our participants, the minimal burden meant there was little to lose. Mixed perspectives as reported here were also observed in a recent survey of 600 members of the US public: 52.0% were comfortable with AI being used to predict future medical conditions compared to, for example, 84.2% who were comfortable with its use in administrative tasks such as scheduling appointments (55). Together, these findings suggest that using AI to estimate risk of cancer based on general practice medical records has the potential to be acceptable to the public provided that suitable safeguards are in place.



4.1.7 Geodemographic segmentation

Finally, we observed that geodemographic segmentation was the least preferred option with only approximately two-thirds of participants considering that they would be likely to take it up and fewer finding it acceptable to inform healthcare, especially in the symptomatic context. Interestingly, this was the example in which the order effect was greatest: if participants saw it first, they were more receptive to it. This suggests geodemographic segmentation was considered as a somewhat good idea, but not as good as the other exemplars. As the least preferred option, implementation efforts may be best focussed on other innovations while further research is conducted into the utility of geodemographic segmentation and public perspectives toward it.

Reasons for likely uptake included the low burden. Although the impact of environmental factors on cancer risk resonated with many [as in other research where pollution and radiation were perceived to have some of the highest impacts on cancer risk (56)], this was not an obvious part of demographic segmentation to others. The interviews revealed misunderstanding in which participants associated personal finances with socioeconomics. They therefore assumed that personal finances would inform the cancer risk assessment and healthcare, which raised issues of ethicality and negative affective attitudes. This misunderstanding could be corrected by the interviewer, but not in the survey that was completed independently. As such, the population-level acceptability of geodemographic segmentation should be interpreted with this in mind. It also highlights two important implications: it is necessary for policies to be coherent and fair for society in order to be acceptable. For example, the message that screening and referral informed by geodemography may help to reduce inequalities could be received positively, subject to evaluation (57).




4.2 Strengths and limitations

A major strength of this research is the use of multiple research methods, giving a comprehensive overview of public receptiveness to risk-based innovations. The qualitative free text analysis and interviews helped us to interpret the quantitative data collected in the population survey. The think aloud interviews provided insight into how people might personally feel if they were offered specific risk assessments. Furthermore, our analyses were informed by the TFA, meaning we considered recognized domains of acceptability.

Throughout the research, we used a set of six exemplars of risk-based innovations. Choice of exemplars was informed by expert consensus to ensure that the findings were relevant and up to date within this rapidly advancing field. Specific examples likely made the complex concepts easier for participants to grasp and helped engagement despite the theoretical nature of the questions we were asking. However, the nature of the survey context meant that descriptions needed to be brief and a degree of vagueness was unavoidable in order to avoid overwhelming the participants. We observed misunderstanding related to geodemographic segmentation in particular, but it is likely that other misunderstandings remain unknown. We were unable to provide participants with specific details such as risk assessment accuracy statistics or cost of each type of innovation, which they would expect if innovations were implemented in practice. Moreover, participants' preconceptions about the technologies will have influenced their perspectives; in particular, many people are familiar with AI, although less so in the clinical context (53), therefore may have unrealistic concerns or even hopes that impact their receptiveness. However, AI was only named overtly in one exemplar despite the fact that it would likely contribute to interpreting other data such as from wearable devices. We also grouped innovations: wearable devices included both smartwatches and sensors worn on other parts of the body; minimally invasive tests included blood, saliva and other samples, which participants may have had nuanced perspectives toward. A recent study showed blood-based tests were preferred over stool tests, yet such comparisons were not possible in our study as a result of this grouping (43). Furthermore, we observed an order effect in the survey meaning that the participants had been influenced by the other innovations they had seen. Providing more details on the innovation and/or only asking each participant to consider one innovation could have mitigated this. Nevertheless, we sought to identify overall receptiveness and acceptability rather than focusing entirely on the chosen exemplars themselves, in order for our findings to be relevant to all potential innovations.

We recruited participants with a wide range of demographic characteristics from across the UK, including three participants in the think aloud interviews who did not have sufficient competency or confidence to complete the interviews in English. This means that the findings are more likely to be applicable across the population. However, the participants may not be representative of the UK population according to characteristics that we were not able to measure or recruit according to, such as lived experience, and all were registered with survey or qualitative recruitment agencies. Importantly, people who showed an interest in research on this topic when approached to take part may also have different perspectives from people who were not interested.



4.3 Implications

As well as demonstrating overall positive views toward risk-based innovations, we identified the characteristics of innovations that enable risk assessment that matter most to the public and that should be taken into account by developers (summarized in Figure 5). The effort to complete a test was important: although this does not mean that risk assessments with high burden will not be taken up, a low burden was often highlighted as an appealing factor, particularly in the asymptomatic context. Burden should therefore be minimized through test design or interventions to facilitate participation. The burden should also be proportional to the potential gains, meaning that physically or personally invasive tests may only be offered to symptomatic individuals. Based on the findings of these studies, from the perspective of public acceptability, minimally invasive tests and PRS could be implemented immediately.


[image: Figure 5]
FIGURE 5
 Summary of requirements for risk-based innovations to be acceptable to the public, based on the Theoretical Framework of Acceptability.


Additionally, risk-based innovations and the stratified healthcare that follow a risk assessment should be logical and coherent. Risk calculations should be intuitive and explainable; for example, that someone's risk classification has arisen due to the presence of certain genetic variations, biomarkers, environmental risk factors, etc. It is also important that fairness, ethicality and data protection are seen to be maintained, alongside innovation-specific needs such as the interaction between healthcare providers and AI.

Specific strategies to communicate, promote, and adapt future innovations to the population and/or specific subgroups will be required. The differences in receptiveness observed between the examples of potential innovations used in these studies further highlights the importance of engaging the public early in the development of individual innovations in the future.




5 Conclusion

Our findings show that members of the UK public are receptive to the concept of using novel innovations to estimate risk of cancer and inform stratification. Research effort and investment to develop these technologies should, therefore, continue and also take into account that greater receptiveness was seen in the context of referral decisions to investigate symptoms than in the asymptomatic context for screening. We identified a diverse range of unifying priorities across innovations, such as burden and coherence, that will guide the development, policymaking and communication of technologies. Patients and the public should be involved throughout this process to ensure changes to practice are acceptable.
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Use of personal data

How can it be used to assess c

How does someone take part?

Polygenic risk scores (PRS)

A PRS accounts for the many variations in someone’s genes. Some of these
increase the risk of certain cancers while others protect against them.

By providing a blood or saliva sample for analysis.

Geodemographic segmentation

Testing biomarkers

Minimally invasive tests

By considering geodemographic data, generalizations about cancer risk can be
made (e.g., population density or pollution levels).

Biomarkers can be used to understand processes occurring in the body. They
may be produced by the cancer cells themselves, or other cells in response to the
cancer. A minimally invasive test would provide a snapshot of someone’s
biomarkers.

By providing their postcode and additional data
such as about their housing or socioeconomic
situation.

By providing a blood, saliva, urine, stool or sweat
sample for analysis using a non-invasive or
‘minimally invasive test.

Continuous monitoring of
biomarkers

Unlike the snapshot generated by a minimally invasive test, continuous
monitoring would reveal changes in someone’s biomarkers over a period of time.

By wearing a patch or other sensor to constantly
measure certain biomarkers.

New technologies

Artificial intelligence (AI)
analysis of medical records

Wearable devices

An Al algorithm could be applied to someone’s medical record (e.g. age, sex,
smoking status, past medical history, medications, etc.) and generate a cancer
risk score.

A wearable device could continuously track, record, and monitor physical health
parameters. For example, sleep patterns or temperature of the skin of the breast.

By consenting to their health records being
analyzed.

By wearing the device and sharing the data with
clinicians.
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Number Quotation participa

Affective attitude

1 “I'suppose the bit of a trap there is that you could submit a sample
without really thinking through the consequences of what you're
about to potentially learn and the journey that you might be about
to take.” [Female, 40-49 years, white ethnicity, higher
socioeconomic status]

Burden

2 “You can do it comfortably at home in familiar surroundings. It's
separated out from a clinical process so I suppose it feels quite easy.”
[Female, 40-49 years, white ethnicity, higher socioeconomic status]

Ethicality

3 “I think that it’s raising questions for me... a judgement about
decisions that I've made about my financial status or my
occupational status. I could see that in a way it’s making my barriers
come up a little bit.” [Female, 40-49 years, white ethnicity, higher
socioeconomic status]

4 “Just because I live in an area that may be a lot more wealthier or I

am a lot more wealthier that others doesn’t necessarily mean that I
should get more than others. Yeah, I think everyone should be
treated equally whether they have the money or not.” [Male, 30-39
years, black ethnicity, higher socioeconomic status]

Intervention coherence

5 “I think really you want an answer for somebody why you're a low
or high risk because you want to know why that's come about, you
know, I'd want an explanation.” [Male, 40-49 years, Asian ethnicity,
high socioeconomic status]

Opportunity cost

6 “Might it affect somebody’s premium. .. that their broader
socioeconomic, etc., factors might be something that is already
affecting their life.” [Female, 40-49 years, white ethnicity, higher
socioeconomic status)

7 “But it can seem very intrusive, because it’s more or less something
that’s basically checking your health 24/7, without you even
knowing it.... [but] why not get the help immediately rather than
letting it wait till later.” [Male, 30-39 years, black ethnicity, higher
socioeconomic status]

8 “It's presumably looking at the most up to date clinical evidence for
risk factors, probably at a level that is far superior to what any poor,
overworked GP could ever hope to understand. .. I think it’s
probably likely to spot things that a GP doesn’t have time to.”
[Female, 40-49 years, white ethnicity, higher socioeconomic status]

9 “If Al could be used alongside some other measures and it can give
you like perfect results to confirm either way... then there is no
harm in using AI because its more effective and its sort of giving
you guarantee there that [there are] less chances of failure.” [Male,
18-29 years, Asian ethnicity, higher socioeconomic status]

10 “The only thing that [ would obviously want to be careful about is. ..
those health records... are private and can be quite sensitive... so
[if] its purely for that purpose then I think it could be fine.” [Male,
30-39 years, mixed ethnicity, higher socioeconomic status]

Perceived effectiveness

11 “It’s generalizations, whereas I'm more interested in what is
happening to me specifically.” [Male, 40-49 years, other ethnicity,
higher socioeconomic status]

12 “So, they could see your genetic score, that it’s in your blood line
that you might develop bowel cancer or whatever but... that won’t
help if youve been working in industries where you've been
exposed to things that could cause cancer.” [Male, 40-49 years,
Asian ethnicity, higher socioeconomic status]

13 “[Continuous monitoring of biomarkers] seems really reliable and
accurate, just because it’s on you at all times, for me it’s the most
personal method. So yes, I think for me, that’s the most
trustworthy.” [Female, 18-29 years, Asian ethnicity, higher
socioeconomic status)

14 “When you do a blood test, it’s a snapshot of a point in time, when
ideally you should be wearing like a sensor on your arm or
something that is continuously checking your blood stats, so it's
obviously much better.” [Male, 40-49 years, other ethnicity, higher
socioeconomic status]

15 “If you ever change surgeries then things can get lost...” [Male,
30-39 years, mixed ethnicity, higher socioeconomic status]

16 “Maybe the data should come directly from the council. The results
of the surveys are dependent on the honesty of the respondent. And
they might genuinely think that they’re giving correct answers, but
they're not because they don’t have a clue.” [Male, 40-49 years,
other ethnicity, higher socioeconomic status]

Self-efficacy ‘

17 “If you're using a smartwatch it could be [that you didn’t use] the
correct setting so it might not be giving them the accurate result. It’s
fine but I can’t really trust technology like that.” [Female, 30-39
years, black ethnicity, higher socioeconomic status]

Other

18 “I cannot take any decision on this regard without asking my
husband. So I think your questions will depend on [my] husband’s
agreement.” [Female, 40-49 years, Asian ethnicity, higher
socioeconomic status]
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Asymptomatic scenario question Symptomatic scenario Response options

question

Likelihood of taking up the risk assessment with each exemplar

How likely would you be to take up the offer to have [exemplar]? How likely would you be to take up the | 5-point Likert scale from “Extremely likely”
offer to have [exemplar]? to “Extremely unlikely™

Acceptability of incorporating each exemplar within risk-stratified healthcare

How acceptable does it seems to you that [exemplar] would be used alongside How acceptable does it seem to you that | 5-point Likert scale from “Extremely
your age and sex to decide when you would first be invited to have a cancer [exemplar] would be used to help decide | acceptable” to “Extremely unacceptable”
screening test?. which tests to use to investigate your

How acceptable does it seem to you that [exemplar] would be used alongside symptoms?

the results of any previous screening tests to decide how often you would be
invited to have a cancer screening test?

How do you think being told you are [low/high] risk based on [exemplar] How reasonable do you think it would 5-point Likert scale from “Much more likely

would influence your decision to attend screening? be to be referred for symptom to attend” to “Much less likely to attend” and
investigations based on [exemplar] that “Extremely reasonable” to “Extremely
suggested you are [low/high] risk? unreasonable”

Comfort with each exemplar being kept and used more widely within healthcare

How comfortable would you be with the NHS having the results of [exemplar] on record, and 5-point Likert scale from ‘Extremely
potentially using it to also risk of other health issues (diabetes, heart disease, etc.)? comfortable’ to ‘Extremely uncomfortable’

*Survey participants also had the option to provide free text comments to explain their answer to this question.
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Survey Interviews

Total N 999 (100) 21 (100)
Age (years)
18-29 222(222) | 3(143)
30-39 223(223) | 3(143)
40-49 166 (16.6) | 7(33.3)
50-59 190 (19.0) | 6(28.6)
>60 198 (19.8) 2(9.5)
Sex
Female 512(51.3) 11(52.4)
Male 481 (48.1) 10 (47.6)
Non-binary or prefer not to say 6(0.6) 0(0.0)
Simplified ethnicity
Asian 80 (8.0) 4(19.0)
Black 39(3.9) 3(14.3)
Mixed 25(2.5) 2(9.5)
White 844 (84.5) 9 (42.6)
Other 11 (L.1) 3(143)
Self-reported socioeconomic status*
1-3 (lowest deciles) 242 (24.2) 1(4.8)
4-5 355(355) | 9(42.9)
6-7 343 (34.3) 8(38.1)
8-10 (highest deciles) 59 (5.9) 3(143)
Education level
Not completed A levels, further education or 175(175) | 4(19.0)
equivalent
Competed A levels, further education or 310(3L0) | 7(33.3)
equivalent
Completed a bachelor’s degree 361(36.1) | 7(333)
Completed a postgraduate degree 152(152) | 3(14.3)
Not reported 1(0.1) 0(0.0)
Employment status
Employed full time 398 (39.8) 11(52.4)
Employed part time 151 (15.1) 4(19.0)
Self-employed 110 (11.0) 1(4.8)
Student 47 (47) 0(0.0)
Not currently working (unemployed, carer, 293(293) | 5(23.8)
homemaker or retired)
Health status
Excellent 70 (7.0) 2(9.52)
Very good 270 27.0) | 9(42.9)
Good 361(36.1) | 4(19.0)
Fair or poor 297 (29.7) | 5(23.8)
Prefer not to say 1(0.1) 1(4.8)
Tobacco smoking status

| Never smoked 601 (60.2) | 13(61.9)
Used to smoke 302 (30.2) 6(28.6)
Currently smoke 96 (9.6) . 2(9.5)
Weight
About right or underweight 563 (56.4) | 12(57.1)
Overweight 436 (43.6) 9(42.9)
Personal history of cancer

| Yes 39(3.9) 2(9.5)
No 955(95.6) | 18(85.7)
Prefer not to say 5(0.5) 1(48)
Self-reported screening history
Abdominal aortic aneurysm
Invited 36 (3.6) 4(21.1)
Attended 33(917) | 4(100.0)
Bowel
Invited 263(263) | 5(26.3)
Attended 225(85.6) | 5(100.0)
Breast
Invited 205 (20.5) 4(21.1)
Attended 184 (89.8) 4 (100.0)
Cervical
Invited 448 (44.8) | 9(47.4)
Attended 385 (85.9) 9 (100.0)

*Self-reported sociocconomic status meaning where they would put

socioeconomic ladder.

themself on the
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