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Abstract: Current evidence suggests that 30-50% of cancers are attributable to established lifestyle
risk factors. Cancer-screening has been identified as an opportunity for delivering advice on lifestyle
behaviour change for cancer prevention. This study aimed to evaluate the feasibility and acceptance
of promoting advice on the latest evidence-based lifestyle recommendations for cancer prevention
at the time of colorectal cancer screening at two hospitals in Lyon, France. This feasibility study
included 49 patients (20 men and 29 women) who were invited for colonoscopy. Patients received
a leaflet with lifestyle recommendations for cancer prevention, accompanied with a logbook to plan
and monitor their behavioural changes. Feedback from patients, hospital staff, and researchers was
received via evaluation questionnaires (1 = 26) completed after testing the educational material for
at least two weeks and via two focus group discussions (n =7 and n = 9 respectively) organized at
the end of the study. All interviewed patients were interested in lowering their cancer risk, and the
majority felt ready to change their lifestyle (88%), although most did not know how to decrease their
risk of cancer (61%). All patients found the educational material easy to understand and sufficiently
attractive and 50% of the patients reported having achieved at least one of the healthy behaviours
recommended within the two weeks following the intervention. All hospital staff and almost all
patients (92%) involved found that the screening program and the visits planned for colonoscopy
was an appropriate moment to provide them with the educational material. This feasibility study
has shown that the content, paper-based format, and time of delivery of the intervention were ade-
quate. Health professionals seem to be willing to provide lifestyle recommendations, and patients
appear interested in receiving advice for lowering their cancer risk during screening visits.

Keywords: feasibility; lifestyle intervention; colorectal cancer screening; hospital setting; France

1. Introduction

Colorectal cancer (CRC) is the fourth most commonly diagnosed malignancy and the
third leading cause of cancer death in the world, accounting for around 1.9 million new
cases and almost 935,000 deaths in 2020 [1]. Given current demographic projections, the
global burden of CRC is anticipated to increase by 60% to over 3 million new cases and
1.6 million cancer deaths annually by 2040 [2]. The incidence of CRC varies widely across
geographic regions with the highest incidence in higher income countries [3]. In France,
for example, CRC is the second most common cancer and the second leading cause of
cancer death, accounting for more than 48,061 new cases and 20,953 deaths in 2020 [1].
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CRC is a complex disease with a number of recognised risk factors. Advancing age,
male sex, family history of CRC, inflammatory bowel disease, smoking, excessive alcohol
drinking, overweight and obesity, low levels of physical activity and sedentary lifestyle,
diabetes and high consumption of red and processed meat are established risk factors [4—
7]. Decades of research have specifically focused on dietary factors: some studies have
suggested a protective effect of diets rich in fruit, vegetables, fish, fibre and whole grains,
calcium and dairy products against colorectal cancer [5]. Overall, it has been estimated
that lifestyle factors could account for up to 40% of CRC cases worldwide [8]. Recent esti-
mates indicate that in France, 56% of CRC cases in men and 74% of CRC cases in women
are attributable to modifiable risk factors. Thus, up to 19,000 CRC cases per year could be
prevented in France by improving unhealthy lifestyle behaviours [9].

The World Cancer Research Fund’s (WCRF) Continuous Update Project (CUP) is the
world’s largest source of scientific research on cancer prevention and survivorship
through diet and physical activity. The CUP analyses global research on how diet and
other lifestyle factors are associated with the risk of developing CRC [10], to provide a
basis for lifestyle recommendations. More recently, in 2018, the WCRF updated its latest
lifestyle recommendations for cancer prevention [10], providing the most up-to-date evi-
dence-based lifestyle recommendations for preventing CRC as well as other cancers. Re-
cent longitudinal studies have demonstrated that adherence to the WCRF recommenda-
tions for cancer prevention are associated with 5%—-17% reductions in CRC incidence and
10-13% reductions in CRC mortality [11-15]. Therefore, developing effective and sustain-
able interventions promoting lifestyle changes for CRC prevention is of high public health
interest. Cancer-screening has been identified as an important milestone that could pro-
vide an ideal opportunity for delivering advice on behaviour change for cancer preven-
tion [16]. Berstad and colleagues recently highlighted the importance of including lifestyle
counselling as a part of CRC screening since individuals with a positive screening result
may be inclined to a less healthy lifestyle compared with those who had a negative screen-
ing result [17].

Screening attendance represents a time-window whereby patients may be more re-
ceptive to advice on lifestyle change, which has been described as a ‘teachable moment’
[16]. Screening attendance may influence an individual’s perception of their personal risk
for CRC, which in turn may prompt motivation to change behaviour. Indeed, a recent
study showed that adults eligible for cancer screening and who were not adhering to
guidelines were willing to receive lifestyle advice during screening, regardless of its re-
sults [18]. While there is little evidence to support the idea that screening prompts spon-
taneous behaviour change [19], interventions delivered at CRC and mammography
screening in the U.K have shown promising results, such as weight loss and increased
physical activity [20,21]. However, these interventions were very intensive and there is
still a need to test the effect of brief interventions that promote long-term behaviour
change as part of screening programs to allow widespread implementation. A recent brief
habit-based weight loss intervention promoting a set of everyday healthy eating and
physical activity behaviours associated with cancer prevention in patients with obesity
from primary care in the UK has shown promising results, such as the maintenance of a sig-
nificant weight loss over 24 months [22]. Since habit formation advice is simple, easily scalable,
and a recommended approach to be used with patients [23], it may be a feasible approach to
deliver evidence-based lifestyle recommendations in the cancer screening context.

The CRC screening program in France may be an ideal setting for delivering advice
on lifestyle behaviours. This is a population-based nationwide cancer screening program
which has been rolling out since 2009. In 2015, the immunochemical test (FIT) replaced
the conventional guaiac faecal occult blood test (gFOBT), improving the participation rate
[24,25]. The programme targets those aged 50 to 74 years old, who often have other life-
style related comorbidities, such as obesity, type 2 diabetes mellitus, and cardiovascular
disease. Therefore, promoting healthy lifestyle advice to the screened population has the
potential to reduce the risk of cancer as well as other related comorbidities and improve
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prognosis and quality of life. When developing and testing a lifestyle intervention for CRC
prevention, it would be the most efficient to first target higher risk population groups
before expanding the intervention to the entire screening population. High risk patients
include those with positive FIT, a family history of CRC, or patients who score positive
(25) for a validated score consisting of simple clinical factors that successfully estimates
the likelihood of detecting advanced colorectal neoplasia in asymptomatic Caucasian pa-
tients [26].

Despite this, there is still little evidence on the impact of promoting the evidence-
based lifestyle recommendations during CRC screening among individuals at higher risk.
There is also a need to extend our efforts to gain understanding of the potential pathways
that can explain how lifestyle factors may prevent CRC development [27]. Therefore, the
LIFE-SCREEN intervention trial aims to investigate the hypothesis that advice on lifestyle
recommendations for cancer prevention at CRC screening among individuals classified
as higher risk will promote greater adherence to cancer prevention recommendations, as
well as improve the quality of life, biomarkers of cancer risk, physical fitness, and body
weight. The current feasibility study presented in this manuscript aimed to evaluate the
feasibility and acceptance of the LIFE-SCREEN intervention. Specific objectives were to
obtain information on (i) participants’ and health professionals’ feedback on the educa-
tional material; (ii) health professionals’ willingness to recruit participants, and (iii) par-
ticipants” awareness of the risk factors for CRC and willingness to change their lifestyles.
In addition, we aimed to conduct focus group meetings with patients, health profession-
als, and experts in the field in order to explore their feedback on the intervention content,
format and delivery in great detail.

2. Materials and Methods
2.1. Study Design and Setting

This study was a single arm, two-center feasibility study of the LIFE-SCREEN inter-
vention that aims to provide advice on evidence-based lifestyle recommendations for can-
cer prevention at CRC screening among individuals at higher risk of CRC. The feasibility
study was carried out in 2019 at two hospitals in Lyon, France, L’hopital Edouard Herriot
(HEH) and Centre Léon Bérard (CLB). The LIFE-SCREEN intervention is registered with
clinicaltrials.gov (Ref ClinicalTrials.gov Record PP201907-26) where more details on the
feasibility study design and methods can be found. The study was conducted according
to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review
Board (or Ethics Committee) of International Agency for Re-search on Cancer (IEC Project
No. 19-26; reviewed and approved on 3 February 2020).

2.2. Participants

Considering the feasibility study objectives we aimed to recruit at least 30 partici-
pants [28]. Eligible patients were adults >18 years without previous cancer diagnosis, who
were capable to provide informed consent, and that were attending for colonoscopy as
part of CRC screening.

2.3. Lifestyle Intervention

The LIFE-SCREEN intervention aimed to deliver lifestyle advice based upon the most
recent recommendations for cancer prevention published by the World Cancer Research
Fund (WCREF) [8]. These recommendations entail the following target behaviours: (1) be a
healthy weight; (2) move more; (3) enjoy more grains, vegetables, fruits, fish, and dairy
products; (4) avoid high-calorie foods rich in fat, salt, and sugar; (5) limit consumption of
red and processed meat; (6) limit alcoholic drinks; (7) limit consumption of sugar-sweet-
ened drinks; (8) do not rely on supplements. The behavioural approaches were informed
by relevant behaviour change theories and models, such as the Teachable Moments Heu-
ristic model and the Habit formation theory. The concept of Teachable Moments (TMs),
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that is, naturally occurring life or health events that may prompt risk-reducing health be-
haviours [16], has been considered a strong foundation for widely-accepted health behav-
iour models. In addition, the intervention was based on the habit formation theory, in
order to promote lasting healthy lifestyle behaviours. Habit-based interventions promote
the repetition of target behaviours in a consistent context in order to make them become
more automatic and habitual [29-31]. They also promote self-regulatory skills (e.g., goal-
setting, planning, self-monitoring, and feedback on performance) in order to translate the
intended behaviour into action and override unwanted automated responses [29,32].

The intervention was delivered as a_self-coaching leaflet and booklet materials con-
taining the advice on lifestyle recommendations together with strategies on how to
achieve and maintain these behaviours. The material also contained instructions on how
to set up specific goals (e.g., including what, how, where, and when) to achieve the target
behaviours and repeat them at the same time and in the same place in order to improve
the patient’s likelihood of forming habits and maintaining their behaviour changes. It also
provided the participants with instructions on how to track their progress (e.g., using
printed booklets to monitor their behaviour), and to amend their plans when these seem
inefficient in reaching their target goals.

Health professionals introduced the intervention to eligible patients during pre-co-
lonoscopy (HEH) or post-colonoscopy visit (CLB), depending on the hospital and pro-
vided the informed consent letter. During the consultation, health professionals briefly
endorsed the importance of the intervention for helping them to achieve and maintain
healthy lifestyles and in turn to reduce their colorectal cancer risk. Interested patients,
who signed the informed consent for this feasibility study, were provided with the edu-
cational material and were instructed to follow the intervention for at least 2 weeks before
completing the feasibility evaluation questionnaire.

2.4. Measurements

At baseline, participants were required to answer questions on socio-demographics,
reason for the colonoscopy and the type of appointment (pre- or post-colonoscopy), their
interest and knowledge on how to reduce colorectal cancer risk, readiness to change their
behaviours and interest in following the intervention. At the end of the two-week inter-
vention, participants were invited to complete a feasibility evaluation questionnaire con-
taining closed and open questions to obtain their feedback on the educational material,
format, and delivery as well as questions on compliance to the intervention over 15 days.
Participants were asked to post their completed evaluation questionnaire back using the
pre-paid return envelope or to bring it with them during the focus group meetings. It
should be noted that no objective measures were used to control the patient’s behaviours
in this feasibility study; all measures were self-reported by the patients. Health profes-
sionals were also requested to complete an evaluation questionnaire on the intervention
delivery and content.

In addition, two focus group discussions were conducted at the end of the feasibility
study to discuss in depth the feedback on the intervention content, format, and delivery.
One focus group gathered the researchers and (para-)medical staff involved in the feasi-
bility study and the second one invited all the patients who took part in the study. These
focus group meetings were logistically organized at one of the hospitals involved in the
intervention and moderated by the researcher coordinating the LIFE-SCREEN interven-
tion. Each session began with a PowerPoint presentation that provided an overview of the
LIFE-SCREEN study, design, and methods. Next the moderator asked the participants for
feedback on the intervention content, format, and delivery. Both focus groups were audio
recorded and lasted over one hour each. Participants were offered a free lunch meal to
thank them for taking part.
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2.5. Data Analysis

Descriptive analysis of the study population was performed. No association analysis
was undertaken given the small sample, which was not powered to detect significant dif-
ferences. Two researchers involved in the study independently assessed the audios and
minutes from the focus groups and identified the main suggestions and feedback re-
ceived. They met to discuss aspects such as recruitment and delivery acceptability, barri-
ers for lifestyle intervention, content of the educational material and any other issue that
should be considered when conducting the full RCT. A consensus list of improvements
was then defined and used to optimize the study protocol further.

3. Results

This feasibility study included 49 patients (20 men and 29 women), aged from 23 to
75 years (Table 1). Most of the patients received the invitation and the educational material
at their post-colonoscopy visit (84%). All patients who participated in the feasibility study
were interested in lowering their CRC risk, although most of them did not know how to
decrease their risk (61%). Eighty-eight percent of the respondents felt ready to change
their lifestyles with the aim to lower their CRC risk.

Table 1. Baseline information (1 = 49).

1 (%) or Mean (Min-Max)

Sex

Men 20 (41%)
Women 29 (59%)
Age 56.6 (23-75) *
Hospital visit at which the intervention was performed

Pre-colonoscopy 4 (8%)
Post-colonoscopy 41 (84%)
Hospitalization for colonoscopy 4 (8%)
Reason for the colonoscopy

Family history of Colorectal cancer (CRC) 7 (14%)
CRC symptoms 13 (27%)
CRC screening (positive FIT test) 7 (14%)
Medical follow-up (e.g., Lynch) 22 (45%)
Interested in reducing CRC risk

Yes 49 (100)
No 0
Knowledge on how to reduce CRC risk

Yes 19 (39%)
No 30 (61%)
Do healthy lifestyle behaviours help reduce CRC risk?

Yes 41 (84%)
No 2 (4%)
Don’t know 6 (12%)
Ready to change lifestyle behaviours

Yes 43 (88%)
No 1 (2%)
Don’t know 5 (10%)

Interested in taking part in LIFE-SCREEN
Yes 45 (92%)
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No 2 (4%)
Do not know 2 (4%)

* Mean and median age were equal (57 years).

At two-week’s follow-up, a total of 26 patients (53%) completed the evaluation ques-
tionnaire. Regarding compliance to the intervention, presented in Table 2, half of the pa-
tients (50%) reported having achieved at least one target behaviour using the monitoring
sheets. Most of them made plans to achieve at least one behaviour (58%) and made amend-
ments to the plans when necessary (58%). Importantly, the majority of patients intended
to continue following the intervention after the end of the study (74%).

Table 2. Follow-up information on compliance to the intervention over 15 days (1 = 26).

Compliance to the Intervention n (%)
Achieved at least one healthy behaviour using the tick sheets

Yes 13 (50%)
No 10 (38%)
Missing 3 (12%)
Made plan(s) to achieve at least one healthy behaviour

Yes 15 (58%)
No 9 (34%)
Missing 2 (8%)
Made adjustment to plan(s) to achieve at least one healthy behaviour

Yes 14 (58%)
No 9 (34%)
Missing 3 (8%)
Intends to continue following the intervention?

Yes 19 (74%)
No 7 (26%)
Missing -

Table 3 shows patients feedback on the intervention delivery and content collected
through evaluation questionnaires. All patients said they easily understood the infor-
mation included in the educational material and most of them found the material suffi-
ciently attractive, complete and in line with their expectations (88%). Although most pa-
tients (92%) found the material covered the kind of information they would expect, some
reported having suggestions to improve it (27%). Suggestions were made such as provid-
ing more plant-based and vegetarian recipes and practical tips on how to achieve their
goals (e.g., examples of activities adapted to an ageing population to maintain their fit-
ness, etc.). Interestingly, 54% of the patients preferred to stick to the non-digital (e.g., pa-
per-pencil) tools to monitor their behaviours rather than using digital tools. Most of them
found that the CRC screening program and the visits planned for colonoscopy were
right/appropriate moments to provide them with the educational material (92%). Similar
feedback was obtained in the patients’ focus group, composed of three patients (two
women and one man) involved in the feasibility study.
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Table 3. Follow up information on intervention delivery and content collected via evaluation ques-
tionnaires (n = 26).

Feedback on the Intervention Delivery and Content n (%)

Interested in taking part in this intervention if attending cancer screening
again in the future

Not very interested 6 (23%)
Somewhat interested 11 (42%)
Very interested 5 (20%)
Not applicable or missing 4 (15%)

Interested in taking part in this intervention even if randomied to interven-
tion or control condition

Not very interested 5 (20%)
Somewhat interested 12 (46%)
Very interested 5 (19%)
Not applicable or missing 4 (15%)
Interested in receiving text-messages and emails reminding about the

healthy behaviours

Not very interested 9 (35%)
Somewhat interested 9 (35%)
Very interested 6 (23%)
Not applicable or missing 2 (7%)
The educational material was easy to understand

Yes 26 (100%)
No 0
The educational material covered the kind of information you would expect

Yes 24 (92%)
No 0
Missing 2 (8%)
The educational materials are attractive and eye-catching

Yes 23 (88%)
No 1 (4%)
Missing 2 (8%)
Is there any other information or tips that you would like to see in the leaflet or logbook?
Yes 7 (27%)
No 18 (69%)
Missing 1 (4%)
Was the timing of the delivery adequate?

Yes 24 (92%)
No 1 (4%)
Missing 1 (4%)
Would it be helpful to have access to a mobile or web-based app to monitor your behav-
iours?

Yes 11 (42%)
No 14 (54%)
Missing 1 (4%)

Feedback from experts and health professionals involved in the study was obtained
via focus group discussions and evaluation questionnaires. The focus group was con-
ducted with four health professionals and three experts in the field. They suggested to
screen participants for their current adherence to the recommendations for cancer preven-
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tion at baseline and exclude those with a high score (complying with the recommenda-
tions), as they would not have much room to improve their behaviours. However, they
emphasized that the study protocol must ensure that the extra work for the surgeons and
other health professionals is kept to the minimum (~5 min/patient) to ensure intervention
feasibility. They also underlined the importance of testing participants on knowledge
about healthy lifestyles and ‘knowledge change’, as the knowledge of many patients
seemed rather low. Regarding the time of the delivery, it was concluded that both pre-
and post-colonoscopy are possible. Although it was concluded that both pre- and post-
colonoscopy are possible, it was agreed that the most optimal time to deliver the educa-
tional material was during the pre-colonoscopy visit, followed by a follow-up interven-
tion (referring to the educational material received at baseline) taking place during the
post-colonoscopy visit. Experts and health professionals found that the material could be
improved by providing patients with fridge magnets containing messages about the rec-
ommendations; recipe books with low-cost vegetarian recipe ideas; and more tips on how
to get more active (especially for older patients). They also suggested that the recommen-
dation for quitting smoking should be more prominent.

4. Discussion

The importance of promoting lifestyle changes to prevent cancer has been high-
lighted in the scientific literature as well as in the lay press [33,34]. Although the time at
which an individual undergoes cancer screening could be considered as a teachable mo-
ment [20,21], so far evidence regarding the effectiveness of evidence-based lifestyle advice
administered during cancer screening is still scarce. Nevertheless, the necessity and im-
portance of including lifestyle counselling as a part of CRC screening has been demon-
strated in particular among individuals with a positive screening result, as they may be
inclined to a less favourable lifestyle compared with those who tested negative at screen-
ing [17]. Therefore, this feasibility study was set up to evaluate the feasibility of an inter-
vention study aimed at delivering evidence-based lifestyle advice during CRC screening
among individuals at higher CRC risk, as this may have high public health potential.

In summary, this feasibility study showed that the content, paper-based format, and
time of delivery of the intervention (both pre- and post-colonoscopy) were adequate and
well accepted by the health professionals and patients.

Previous studies already investigated the impact of lifestyle interventions during
cancer screening, though with mixed results [35-40]. Although the colorectal cancer
screening has already been evaluated as a potential teachable moment for lifestyle inter-
ventions [35], the interventions evaluated so far were rather intensive and personalised
lifestyle interventions that require important time investments of (para)-medical staff.
Here, our results suggest that a simple, well-documented intervention before or after co-
lonoscopy may be sufficient to impact patient lifestyle. Indeed, following our intervention,
half of the patients reported having achieved at least one of the healthy behaviours rec-
ommended within the two weeks after the first visit. These results should be confirmed
in a larger randomised controlled trial.

Patients and health professionals provided valuable suggestions and feedback for
further improvement of the study protocol and educational material, leading us to include
a “recipe and practical tips book”. The paper-based format of the intervention will be
maintained, but patients will also have the option to get access to the electronic (e.g., pdf)
version of all documents. Patients will also be allowed to choose whether they wish to
receive reminders of the recommendations sent by text-messages and/or emails during
the 12-month follow-up. The delivery of the intervention will take place during the pre-
colonoscopy visit and a follow-up intervention (referring to the educational material re-
ceived at baseline) will take place during the post-colonoscopy visit. However, the inclu-
sion in the study will be conditional to the colonoscopy results, as patients who receive
CRC diagnosis during the post-colonoscopy visit are not considered eligible for the inter-
vention study that aims at patients at higher risk.
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The proposed intervention is expected to promote greater adherence to cancer pre-
vention recommendations and have an effect on quality of life, biomarkers of cancer risk,
physical fitness, and body weight among higher CRC risk population groups. The inte-
gration of these well-established continuous frameworks, namely the CRC screening pro-
gram and the WCRF-CUP cancer prevention program that continuously updates the evi-
dence on lifestyle risk factors and cancer risk, ensures the sustainability of this interven-
tion program and the potential for further expansion to other cancer screening programs
in France and beyond. If successful, this intervention trial could inspire similar initiatives
for other cancer types that have well established cancer screening programs and can be
expanded to the full screening population.

The fact that the intervention will be implemented in hospitals, alongside the CRC
screening routine procedures, makes the access to blood, faecal, and tissue samples from
participants easier and will allow us to explore the effect of the intervention on nutritional,
inflammation, metabolic health and microbial biomarkers that could provide important
information on the mechanisms of CRC development and prevention targets.

5. Future Perspectives

As stated previously, no standardised protocols or recommendations are available
for individuals at higher risk of CRC. If this evidence-based lifestyle intervention confirms
the hypothesis that adherence to the latest evidence-based lifestyle guidelines improves
following such an intervention, which in turn reduces CRC risk and improves the quality
of life, then the intervention can be implemented nationwide and beyond. The recommen-
dations will be developed as a visual representation that is interpretable by non-literate
patients to consider and guarantee social equality among the target population. In addi-
tion, the lifestyle advice given in this intervention is aimed to limit the burden for the
hospital staff involved to a minimum so that it can easily replace routine care when up-
scaling to a nation-wide intervention.

In the future, this intervention protocol could also be tested in primary care by
providing the healthy lifestyle advice to all participants involved in CRC screening, re-
gardless of their FIT test result.

In addition to cancer, rates of other non-communicable diseases (NCDs) continue to
rise, affecting the poorest and most vulnerable populations. The intervention targets a
higher CRC risk population aged 35 or over, who often have other lifestyle related comor-
bidities, such as obesity, type 2 diabetes mellitus, and cardiovascular disease. These dis-
eases share common risk factors, as for example, altered lipid levels, inflammation and
abnormal glucose metabolism [41,42]. Hence, promoting healthy lifestyle advice to this
population has the potential to also reduce the risk of other related NCDs.

Lastly, this intervention will also shed light on changes in biomarkers relevant for
cancer prevention, allowing a better understanding of the putative mechanisms involved.

6. Conclusions

This feasibility study has shown that the content, paper-based format, and timing of de-
livery of the intervention (pre- and/or post-colonoscopy) were adequate and well-accepted by
both the health professionals and patients. Health professionals seem to be willing to provide
lifestyle recommendations and patients seem interested in receiving advice for lowering their
cancer risk during screening visits. Considering the interesting finding that more than half of
the patients made plans and adjustments to achieve one of the healthy behaviours recom-
mended in the educational material and that half of the patients reported having achieved at
least one of the healthy behaviours recommended within two weeks of receiving the interven-
tion, this LIFE-SCREEN intervention is expected to promote greater adherence to cancer pre-
vention recommendations. Therefore, this LIFE-SCREEN intervention will now be evaluated
within the context of a funded randomised-controlled trial.



Nutrients 2021, 13, 3685 10 of 12

Author Contributions: Conceptualization, L.H.; M.].G. and N.K,; methodology, LH.; N.K,; O.P.;
N.B; A.C-J; AM,].C;]J.-CS,; BF. and M.].G,; formal analysis, LH. and N.K; Data collection, O.P.;
N.B.; A.C.-J. and A.M,; writing—original draft preparation, .H.; writing—review and editing, I.H.;
N.K;O.P;N.B.;A.C-]; AM,;].C.].-C.S,;; B.F. and M.].G,; project administration, LH. and T.L. fund-
ing acquisition, LH.; N.K.; O.P.,; N.B,; A.C.-].; AM,; ].-C.S.; B.F. and M.].G. All authors have read and
agreed to the published version of the manuscript.

Funding; This research was funded by Institut National du Cancer, grant number INCA RISP20-028.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
International Agency for Research on Cancer (IEC Project No. 19-26; reviewed and approved on
reviewed on 3 February 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Access to anonymized data and the intervention/educational material
can be requested via email through the corresponding author.

Acknowledgments: The authors would like to thank the, L’hépital Edouard Herriot (HEH), Centre
Léon Bérard (CLB) and I'Institut du Cancer for their support in conducting this study. The authors
would also like to thank Corrine Casagrande, Genevieve Nicolas, and Karine Racinoux for their
support in translations, data entry and analysis.

Conflicts of Interest: The authors declare no conflict of interest.

IARC Disclaimer: Where authors are identified as personnel of the International Agency for Re-
search on Cancer/World Health Organization, the authors alone are responsible for the views ex-
pressed in this article and they do not necessarily represent the decisions, policy, or views of the
International Agency for Research on Cancer/World Health Organization.

References

1.  International Agency for Research on Cancer. Global Cancer Observatory (GCO). Availabe online: https://gco.iarc.fr/ (accessed
on 2 September 2021).

2. Ferlay, J.; Soerjomataram, I.; Ervik, M. Cancer Incidence and Mortality Worldwide: IARC Cancer Base No. 11; International Agency
for Research on Cancer: Lyon, France, 2013.

3.  Arnold, M;; Sierra, M.S.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global patterns and trends in colorectal cancer
incidence and mortality. Gut 2017, 66, 683—-691, doi:10.1136/gutjnl-2015-310912.

4. Johnson, CM.; Wei, C.; Ensor, J.E.; Smolenski, D.J.; Amos, C.I.; Levin, B.; Berry, D.A. Meta-analyses of colorectal cancer risk
factors. Cancer Causes Control 2013, 24, 1207-1222, doi:10.1007/s10552-013-0201-5.

5. World Cancer Research Fund-American Institute for Cancer Research. Continuous Update Project Expert Report 2018. Diet.,
Nutrition, Physical ACTIVITY and Colorectal Cancer. Available online: dietandcancerreport.org (accessed on 2 September 2021).

6. Moore, S.C.; Lee, LM.; Weiderpass, E.; Campbell, P.T.; Sampson, J.N.; Kitahara, C.M.; Keadle, S.K.; Arem, H.; Berrington de
Gonzalez, A.; Hartge, P.; et al. Association of Leisure-Time Physical Activity with Risk of 26 Types of Cancer in 1.44 Million
Adults. JAMA Intern. Med. 2016, 176, 816825, doi:10.1001/jamainternmed.2016.1548.

7. Morris, ].S.; Bradbury, K.E.; Cross, A.J.; Gunter, M.].; Murphy, N. Physical activity, sedentary behaviour and colorectal cancer
risk in the UK Biobank. Br. J. Cancer 2018, 118, 920-929, doi:10.1038/bjc.2017.496.

8. WCRF/AICR. Diet., Nutrition, Physical Activity and Cancer: A Global Perspective; World Cancer Research Fund/American Institute
for Cancer Research: Washington, DC, USA, 2018.

9.  Marant-Micallef, C.; Shield, K.D.; Vignat, ].; Hill, C.; Menvielle, G.; Dossus, L.; Ormsby, ].N.; Rehm, ]J.; Rushton, L.; Vineis, P.; et
al. Nombre et fractions de cancers attribuables au mode de vie et a l'environnement en France metropolitaine en 2015: Resultats
principaux. Bull. Epidemiol. Hebd. 2018, 21, 442-448.

10. WCRF/AICR. World Cancer Research Fund’s (WCRF) Continuous Update Project. Availabe online: https://www.wcrf.org/diet-
and-cancer/continuous-update-project/ (accessed on accessed on 2 September 2021).

11. Romaguera, D.; Vergnaud, A.C,; Peeters, P.H.; van Gils, C.H.; Chan, D.S,; Ferrari, P.; Romieu, I.; Jenab, M.; Slimani, N.; Clavel-
Chapelon, F.; et al. Is concordance with World Cancer Research Fund/American Institute for Cancer Research guidelines for
cancer prevention related to subsequent risk of cancer? Results from the EPIC study. Am. J. Clin. Nutr. 2012, 96, 150-163,
doi:10.3945/ajcn.111.031674.

12. Romaguera, D.; Ward, H.; Wark, P.A; Vergnaud, A.C.; Peeters, P.H.; van Gils, C.H.; Ferrari, P.; Fedirko, V.; Jenab, M.; Boutron-

Ruault, M.C,; et al. Pre-diagnostic concordance with the WCRF/AICR guidelines and survival in European colorectal cancer
patients: A cohort study. BMC Med. 2015, 13, 107, d0i:10.1186/s12916-015-0332-5.



Nutrients 2021, 13, 3685 11 of 12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.
35.

36.

37.

Vergnaud, A.C.; Romaguera, D.; Peeters, P.H.; van Gils, C.H.; Chan, D.S.; Romieu, I; Freisling, H.; Ferrari, P.; Clavel-Chapelon,
F.; Fagherazzi, G.; et al. Adherence to the World Cancer Research Fund/American Institute for Cancer Research guidelines and
risk of death in Europe: Results from the European Prospective Investigation into Nutrition and Cancer cohort study1,4. Am. J.
Clin. Nutr. 2013, 97, 1107-1120, d0i:10.3945/ajcn.112.049569.

Jankovic, N.; Geelen, A.; Winkels, R.M.; Mwungura, B.; Fedirko, V.; Jenab, M.; Illner, A.K; Brenner, H.; Ordonez-Mena, J.M.;
Kiefte de Jong, J.C,; et al. Adherence to the WCRF/AICR Dietary Recommendations for Cancer Prevention and Risk of Cancer
in Elderly from Europe and the United States: A Meta-Analysis within the CHANCES Project. Cancer Epidemiol. Biomark. Prev.
A Publ. Am. Assoc. Cancer Res. 2017, 26, 136144, doi:10.1158/1055-9965.epi-16-0428.

Turati, F.; Bravi, F.; Di Maso, M.; Bosetti, C.; Polesel, J.; Serraino, D.; Dalmartello, M.; Giacosa, A.; Montella, M.; Tavani, A.; et
al. Adherence to the World Cancer Research Fund/American Institute for Cancer Research recommendations and colorectal
cancer risk. Eur. J. Cancer 2017, 85, 86-94, doi:10.1016/j.ejca.2017.08.015.

Rabin, C. Promoting Lifestyle Change Among Cancer Survivors: When Is the Teachable Moment? Am. |. Lyfestyle Med. 2009, 5, 142.
Berstad, P.; Loberg, M.; Larsen, LK.; Kalager, M.; Holme, O.; Botteri, E.; Bretthauer, M.; Hoff, G. Long-term lifestyle changes
after colorectal cancer screening: Randomised controlled trial. Gut 2015, 64, 1268-1276, doi:10.1136/gutjn]-2014-307376.
Stevens, C.; Vrinten, C.; Smith, S.G.; Waller, J.; Beeken, R.J. Determinants of willingness to receive healthy lifestyle advice in the
context of cancer screening. Br. ]. Cancer 2018, 119, 251-257, doi:10.1038/s41416-018-0160-4.

Bankhead, C.R; Brett, J.; Bukach, C.; Webster, R.; Stewart-Brown, S.; Munafo, M.; Austoker, J. Impact of screening on future
health-promoting behaviors and health beliefs: A systematic review. Int. |. Technol. Assess. 2005, 21, 147-147.

Anderson, A.S.; Craigie, A.M.; Caswell, S.; Treweek, S.; Stead, M.; Macleod, M.; Daly, F.; Belch, J.; Rodger, J.; Kirk, A.; et al. The
impact of a bodyweight and physical activity intervention (BeWEL) initiated through a national colorectal cancer screening
programme: Randomised controlled trial. BM] 2014, 348, g1823, doi:10.1136/bmj.g1823.

Anderson, A.S.; Macleod, M.; Mutrie, N.; Sugden, J.; Dobson, H.; Treweek, S.; O'Carroll, R.E.; Thompson, A.; Kirk, A.; Brennan, G.; et
al. Breast cancer risk reduction--is it feasible to initiate a randomised controlled trial of a lifestyle intervention programme (ActWell)
within a national breast screening programme? Int. J. Behav. Nutr. Phys. Act. 2014, 11, 156, doi:10.1186/s12966-014-0156-2.

Beeken, R.J.; Leurent, B.; Vickerstaff, V.; Wilson, R.; Croker, H.; Morris, S.; Omar, R.Z.; Nazareth, I.; Wardle, J. A brief
intervention for weight control based on habit-formation theory delivered through primary care: Results from a randomised
controlled trial. Int. ]. Obes. 2017, 41, 246—254, d0i:10.1038/ij0.2016.206.

Gardner, B.; Lally, P.; Wardle, J. Making health habitual: The psychology of ‘habit formation” and general practice. Br. ]. Gen.
Pract. 2012, 62, 664-666, doi:10.3399/bjgp12X659466.

Vart, G.; Banzi, R.; Minozzi, S. Comparing participation rates between immunochemical and guaiac faecal occult blood tests: A
systematic review and meta-analysis. Prev. Med. 2012, 55, 87-92, d0i:10.1016/j.ypmed.2012.05.006.

van Rossum, L.G.; van Rijn, A.F.; Laheij, R.J.; van Oijen, M.G.; Fockens, P.; van Krieken, H.H.; Verbeek, A.L.; Jansen, ].B.; Dekker,
E. Random comparison of guaiac and immunochemical fecal occult blood tests for colorectal cancer in a screening population.
Gastroenterology 2008, 135, 82-90, doi:10.1053/j.gastro.2008.03.040.

Kaminski, M.F.; Polkowski, M.; Kraszewska, E.; Rupinski, M.; Butruk, E.; Regula, J. A score to estimate the likelihood of
detecting advanced colorectal neoplasia at colonoscopy. Gut 2014, 63, 1112-1119, doi:10.1136/gutjnl-2013-304965.

Gunter, M.J.; Alhomoud, S.; Arnold, M.; Brenner, H.; Burn, J.; Casey, J.; Chan, A.T.; Cross, A.].; Giovannucci, E.; Hoover, R.; et
al. International cancer seminars: A focus on colorectal cancer. Ann. Oncol. 2018, Under review.

Whitehead, A.L.; Julious, S.A.; Cooper, C.L.; Campbell, M.]. Estimating the sample size for a pilot randomised trial to minimise
the overall trial sample size for the external pilot and main trial for a continuous outcome variable. Stat. Methods Med. Res. 2016,
25, 1057-1073, doi:10.1177/0962280215588241.

Lally, P.; Gardner, B. Promoting habit formation. Health Psychol. Rev. 2013, 7, S137-5158, d0i:10.1080/17437199.2011.603640.
Lally, P.; Van Jaarsveld, C.H.M.; Potts, HW.W.; Wardle, ]. How are habits formed: Modelling habit formation in the real world.
Eur. ]. Soc. Psychol. 2010, 40, 998-1009, doi:10.1002/ejsp.674.

Gardner, B.; Sheals, K.; Wardle, J.; McGowan, L. Putting habit into practice, and practice into habit: A process evaluation and
exploration of the acceptability of a habit-based dietary behaviour change intervention. Int. J. Behav. Nutr. Phys. Act. 2014, 11, 135.
Nederkoorn, C.; Houben, K.; Hofmann, W.; Roefs, A.; Jansen, A. Control Yourself or Just Eat What You Like? Weight Gain Over
a Year Is Predicted by an Interactive Effect of Response Inhibition and Implicit Preference for Snack Foods. Health Psychol. 2010,
29, 389-393, do0i:10.1037/a0019921.

Morin, H. En France, quatre cancers sur dix pourraient étre évités. Le Monde 2018, 11, 142.

Elster, N. Modern myths about cancer from ‘chemicals’ in food to wifi. Guardian 2018, 11, 452.

Robb, K.A.; Power, E.; Kralj-Hans, I.; Atkin, W.S.; Wardle, ]. The impact of individually-tailored lifestyle advice in the colorectal
cancer screening context: A randomised pilot study in North-West London. Prev. Med. 2010, 51, 505-508,
doi:10.1016/j.ypmed.2010.10.002.

LoConte, N.K,; Gershenwald, J.E.; Thomson, C.A.; Crane, T.E.; Harmon, G.E.; Rechis, R. Lifestyle Modifications and Policy
Implications for Primary and Secondary Cancer Prevention: Diet, Exercise, Sun Safety, and Alcohol Reduction. Am. Soc. Clin.
Oncol. Educ. Book 2018, 93, 88-100, doi:10.1200/edbk_200093.

Knudsen, M.D.; Hjartaker, A.; Robb, K.A.; de Lange, T.; Hoff, G.; Berstad, P. Improving Cancer Preventive Behaviors: A
Randomized Trial of Tailored Lifestyle Feedback in Colorectal Cancer Screening. Cancer Epidemiol. Biomark. Prev. A Publ. Am.
Assoc. Cancer Res. 2018, 27, 1442-1449, doi:10.1158/1055-9965.Epi-18-0268.



Nutrients 2021, 13, 3685 12 of 12

38.

39.

40.

41.

42.

Conway, E.; Wyke, S.; Sugden, J.; Mutrie, N.; Anderson, A.S. Can a lifestyle intervention be offered through NHS breast cancer
screening? Challenges and opportunities identified in a qualitative study of women attending screening. BMC Public Health
2016, 16, 758, doi:10.1186/s12889-016-3445-7.

Caswell, S.; Anderson, A.S.; Steele, R.J. Bowel health to better health: A minimal contact lifestyle intervention for people at
increased risk of colorectal cancer. Br. |. Nutr. 2009, 102, 1541-1546, doi:10.1017/s0007114509990808.

Stevens, C.; Smith, S.G.; Vrinten, C.; Waller, J.; Beeken, R.J. Lifestyle changes associated with participation in colorectal cancer
screening: Prospective data from the English Longitudinal Study of Ageing. J. Med. Screen. 2019, 26, 84-91,
doi:10.1177/0969141318803973.

Klabunde, C.N.; Legler, ].M.; Warren, J.L.; Laura-Mae, B.; Schrag, D. A refined comorbidity measurement algorithm for claims-
based studies of breast, prostate, colorectal, and lung cancer patients. Ann. Epidemiol. 2007, 17, 584-590,
doi:10.1016/j.annepidem.2007.03.011.

de Bruijn, KM.J.; Arends, L.R.; Hansen, B.E.; Leeflang, S.; Ruiter, R.; van Eijck, C.H.]. Systematic review and meta-analysis of
the association between diabetes mellitus and incidence and mortality in breast and colorectal cancer. Br. J. Surg. 2013, 100,
1421-1429, doi:10.1002/bjs.9229.



