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Abstract

Colorectal cancer (CRC) screening has been demonstrated to reduce CRC incidence
and mortality. However, besides such benefits, CRC screening is also associated with
potential harmful effects. In an ideal world, screening would only be directed to the
small proportion of the population that might potentially benefit. Risk-based screening
can be seen as a first step towards this ideal world, by redistributing screening
resources from low-risk to high-risk individuals. In theory, this should result in scarce
resources being used in individuals who benefit most, while intensity of screening is
reduced in individuals who benefit less, hence improving the benefit-harm ratio among
all invitees. Available strategies that have been proposed for risk-based CRC screening
include using information on age, sex, prior screening history, lifestyle and/or genetic
information. Implementation of risk-based screening requires careful consideration of
reliable risk prediction models, participation with screening and informed decision-
making. While it is important to recognise the limitations of current approaches, avail-
able evidence suggests that it might be feasible to start planning the introduction of
tailored strategies within screening programmes. Implementing risk-based screening
based on age, sex and prior screening history alone would already represent a substan-
tial improvement over current uniform screening approaches. We propose that it is
time that screening programmes start there and continue striving towards more
comprehensive approaches embedding primary prevention as an effective approach to

lower risk for everyone.
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1 | BACKGROUND

Colorectal cancer (CRC) is an important health problem worldwide. In
2017, 1.8 million new cases of CRC were diagnosed and almost 900 thou-
sand people died from the disease.> The good news is that CRC is highly
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amenable to screening and several screening tests are available to prevent
CRC incidence and/or mortality.>® The potential for CRC screening to
(efficiently) reduce the burden of CRC is recognised around the globe,
evidenced from the large number of programmes (being) implemented
worldwide.* There is considerable variation in the screening strategies
being implemented, but virtually all CRC screening programmes in
the world have one thing in common: they do not differentiate their
screening strategy based on risk factors beyond age, and for some
programmes, a family history of CRC. Exceptions include the CRC screen-
ing programmes of Finland and Stockholm-Gotland (Sweden) using
sex-specific cut-offs for the Faecal Immunochemical Test (FIT)>® and the
CRC programme in Germany using a sex-specific starting age for screen-
ing colonoscopy since 2019 (Table 1).

Besides benefits such as CRC incidence and mortality reduction,
CRC screening is also associated with harmful and negative effects,
including anxiety, discomfort, false-positive test results and its psychologi-
cal impact/ false reassurance from false-negative test results,
complications from colonoscopy (which in rare cases might be fatal), over-
treatment of adenomas and overdiagnosis and overtreatment of cancers
(ie, treatment of adenomas and cancers that would not have given symp-
toms in the absence of screening). Screening should therefore only be
implemented if its expected benefits outweigh the harms. Although this is
considered to be the case for CRC screening overall, each year in Europe
alone more than 9.6 million individuals are being screened for CRC, while
significant disease is detected in only 5% to 10% of subjects undergoing
endoscopy screening and less than 5% of subjects undergoing faecal test-
ing, with rates further declining over subsequent screening rounds. In an
ideal world, screening would only be directed to the small proportion of

the population that might potentially benefit from it.

2 | POTENTIAL ADVANTAGES OF
RISK-BASED SCREENING

Compared to the established age-stratified approach, risk-based CRC
screening would provide an opportunity to tailor screening interval,
modality or age range, to an individual's risk.2 Subjects at lower risk might
be invited for screening later and/or with longer screening intervals
and/or less invasive tests, leading to a reduction of screening harms.
Cost-effectiveness is higher among high-risk subjects, who are more likely
to be detected with advanced neoplasia when undergoing screening.
They could start screening earlier, with shorter intervals and/or using
more invasive tests.2! This way, risk-based screening may also provide
opportunities to detect cancers in younger at-risk individuals, who are

currently excluded from age-based screening despite being at increased

Finland Sweden

risk.*22% In theory, this should result in an improved balance between the
benefits and harms and costs of screening: scarce resources are used in
individuals that benefit most, increasing the benefits of screening. At the
same time, intensity of screening is reduced in individuals that benefit

less, reducing the harms of screening.

3 | POSSIBILITIES FOR RISK-BASED
SCREENING

Two approaches are available to assess the necessary information to
stratify the population into groups at varying levels of cancer risk. Risk
stratification may be based on estimates of an individual's a priori
probability of getting the disease over a certain time interval, taking
into account their age, sex, genetic susceptibility profile, family history
and level of exposure to modifiable environmental factors. An alterna-
tive approach is to stratify screenees into subgroups characterised by
different levels of risk of being detected with or harbouring neoplasia,
based on their screening history. Models combining the two

approaches have also been developed.

3.1 | Estimating background risk

CRC offers several starting points for deriving estimates of back-
ground risk. In addition to sex, age and family history, a range of envi-
ronmental (eg, alcohol, obesity, physical activity, dietary habits) as well
as genetic risk factors [single nucleotide polymorphisms (SNPs)] have
been identified,>>*¢ that increase, or decrease, disease specific risk.
They could therefore be used as a first step towards the implementa-
tion of a risk-based programme.

3.11 | Sex

The risk of CRC is approximately 1.3-fold higher in men than in
women.!” The age-specific rates for women are nearly identical to
those of 5 year younger men (ie, rates at age 60-64 for women are simi-
lar to rates at age 55-59 for men).'® Moreover, CRC screening has been
suggested to be less effective in women than in men.?” These findings
triggered the debate whether CRC screening should differ between
men and women.?° However, although screening was found to be more
cost-effective in men than in women,?! decision analyses evaluating
whether men and women should be screened differently, did not find

any difference in optimal screening between men and women.1822-24

TABLE 1 Sex-specific aspects of

Germany . .
three national screening programmes

Programme characteristic Men Women Men

Cut-off for positive Faecal 25 70 40
Immunochemical Test

Starting age for screening colonoscopy

Women Men

using sex as a basis for differentiating
colorectal cancer screening policy

Women

50 55
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3.1.2 | Race and ethnicity

Racial and ethnic disparities in CRC incidence and mortality are well
known and widely documented. In the United States, for example, rela-
tive to non-Hispanic whites, non-Hispanic blacks tend to have higher
rates of CRC incidence,'” earlier age at diagnosis, 2> later stage at
diagnosis?® and worse stage-specific CRC mortality. Hispanics and
Asians and Pacific Islanders, on the other hand, have lower risk of CRC
incidence and mortality. These disparities have resulted in calls for ear-
lier initiation of CRC screening for black individuals,?® especially black
men. However, reasons for racial disparities are complex and likely
reflect differences in lifestyle and access to screening and care,'” rather
than biological differences. This hypothesis is supported by the fact that
CRC incidence between blacks and whites was similar before 1985,
prior to the introduction of widespread screening for CRC, and that the
observed trends in CRC mortality in the following decades are reflecting
the pattern and timing of screening diffusion. These trends advocate for
improving access-to-care and to implement risk-based interventions
based on lifestyle rather than race or ethnicity.

3.1.3 | Lifestyle

Several lifestyle factors have been identified to be associated with
CRC risk. According to the World Cancer Research Fund report, there
is strong evidence that consumption of processed and red meat, alco-
holic drinks, body fatness and adult attained height increase the risk
of CRC, whereas physical activity, wholegrains, dairy products, cal-
cium supplements and foods containing dietary fibre decrease this

k.2% Yet the impact of each of these individual risk factors by itself

ris
is modest, with relative risk (RR) estimates varying from a 5% increase
in risk per 5 kg/m? increase in body fat to 12% increase per 100 g
increase in red or processed meat consumption. Impact of protective
factors was slightly larger, varying from 9% decrease in CRC risk with
every 10 g/d increase in dietary fibre to a 20% lower risk between
individuals in the highest category of physical activity compared to
the lowest. Even smoking, the lifestyle factor with the largest impact
on CRC risk, does not increase CRC risk by more than 40% in individ-
uals who smoke 40 cigarettes per day compared to non-smokers.
Therefore, none of these lifestyle factors in itself warrants risk-based
screening. However combined together, their discriminatory perfor-
mance improves and they could certainly be a candidate for risk strati-
fication (see Section 3.1.5 for more details). Moreover, they offer the

additional benefit of including interventions for primary prevention.

3.1.4 | Single nucleotide polymorphisms

Genome-wide association studies have shown that polygenic factors,
such as common, low risk genetic variants or SNPs, play a significant
role in defining CRC risk due to their relatively high prevalence in the
population. Like lifestyle factors, in isolation, SNPs are only weakly
associated with CRC risk; however, cumulatively they explain substan-
tial variation in risk.”3t A polygenic test can be used to estimate
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someone's polygenic risk score (PRS) based on the absence or pres-
ence of specific risk alleles. Such a risk score can be used to identify
individuals at several times lower and greater (0.49-3.40) CRC risk
than the average population.®®

A comprehensive whole-genome sequencing study and meta-
analysis of genome-wide association studies recently identified
40 new independent signals for CRC, bringing the number of known
independent signals for CRC to about 100.32 Together, these signals
explain approximately 11% of the familial RR in US individuals.3? As
more genetic variants associated with CRC risk are detected, this per-
centage could potentially increase to 73%.3% Another study suggested
that if all variants were identified, at least 7.42% of all CRC cases

would be explained by SNPs.3*

3.1.5 | Risk prediction models

As described above, individual lifestyle factors and SNPs did not portray
sufficient discriminatory performance to be used for risk stratification
by themselves. To improve discriminatory performance, they were com-
bined into risk prediction models. The first risk prediction models were
solely based on clinical and lifestyle factors; one of the most famous
being the National Cancer Institute's Colorectal Cancer Risk Assessment
Tool.3 Later, risk prediction models based on SNPs were developed, to
assess an individual's PRS. More recently, risk prediction models are
being developed that combine lifestyle information with SNPs.3%37
Unfortunately, the ability of available models to predict who will
develop cancer and who will not is still limited. A recent review system-
atically compared and externally validated 23 risk prediction models for
CRC that included SNPs. The discriminatory performance [measured as
the area under the curve (AUC)] of the models including only SNPs
increased with the number of included SNPs.3” The model with the
highest number of SNPs (120) had an AUC of 0.62.3? Adding lifestyle
factors and age improved discriminatory performance, with the best
performing models having AUCs between 0.64 and 0.67 in women and
0.67 and 0.71 in men.®” Cost-effectiveness analysis has shown that a
discriminatory performance of at least 0.65 is required for risk-based
screening to be more cost-effective than uniform screening (Figure 1).38
With further discovery of SNPs and introduction of new machine learn-
ing techniques for estimating risk prediction models, we can soon hope

to tip the balance in favour of risk-based screening.

3.2 | Screening history

3.21 | Faecal haemoglobin concentration

For FIT screening programmes specifically, there is an additional way
of risk stratifying the target population: using the quantitative out-
comes of prior screening results. Several studies have shown that fae-
cal haemoglobin (Hb) concentrations in previous screening rounds are
highly predictive for future detection of advanced neoplasia.®?** Indi-
viduals who tested just below the cut-off for a positive test had an

8 to 38 higher odds or hazard of being detected with advanced
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FIGURE 1 Cost savings of
replacing uniform screening with risk-
stratified screening, when risk-
stratified screening yields (at least) as
many QALYs as uniform screening.
AUC, area under the receiver-
operating characteristic curve;

QALY, quality-adjusted life-year;

RR, relative risk. Source: Reference 38
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neoplasia vs those without any detectable Hb, depending on the cut-
off used. The lower estimate comes from a study using a 10 pg Hb/g
faeces cut-off, while in the study with the higher estimate a cut-off of
80 pg Hb/g faeces was used. Most countries currently operate with a
cut-off of 20 pg Hb/g faeces; odds ratios (ORs) in case of cut-offs of
15 and 47 pg Hb/g faeces were 15 and 23, respectively.*?>4* Odds
and hazard ratios became even more pronounced if results from multi-
ple prior screening rounds were used.*>*’

For comparison, ORs for individual lifestyle factors most times do
not exceed 1.4, and the risk difference between the OR of the 99th vs
the first percentile of a risk prediction model combining genetic, environ-
mental factors and family history was less than 14.2 Given its high pre-
dictive value, Hb concentration has already been suggested as the key to
risk-based CRC screening.*® In several programmes, Hb concentrations
are already part of the standard documentation of screening registries,
that is, the information is readily available for risk-based screening.

Given the promising discriminatory performance of faecal Hb
concentration at prior screening, now also risk prediction models are
being developed combining this factor with demography, clinical and

lifestyle information.*?:>°

4 | FEASIBILITY OF RISK-BASED
SCREENING

The idea of risk-based CRC screening was already introduced

more than 25 years ago.’! Despite promising advances in risk

prediction using genetic risk and Iifestyle,3‘{"52

all CRC screening
programmes in Europe still only use age for identifying the target
population and no other factors.>® Moreover, screening is the
same for all individuals within the target age range with only a few
exceptions.

We hypothesise that there are several important barriers to
implementation of risk-based cancer screening in practice. These
include ethical, legal and communication issues that need to be
resolved when planning to introduce risk-based protocols, inde-
pendent of the approach adopted for risk stratification. In addition,
incorporating background risk estimates in the context of ongoing
programmes adds new complexity to the screening organisation,
requiring to address a number of economic, organisational and pol-
icy issues. In the here following paragraphs, we highlight the
before

requirements that need to be met widespread

implementation.

4.1 | Reliable risk prediction models

To accurately categorise individuals by risk, reliable risk prediction
models are needed. Currently existing risk prediction models show a
low discriminative accuracy, with AUCs of <65% for discriminating
between cancer cases and other patients, and OR of maximum 14536
Although, for example, risk prediction models for cardiovascular dis-
ease are not substantially more accurate than current CRC risk predic-

tion models, they are widely used in clinical practice and influence
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treatment decisions, for example, regarding statin therapy for primary
prevention of cardiovascular disease.

Misclassification of risk can result in inappropriate recommenda-
tions. It has been estimated, for example, that more than 60% of
women who developed CRC in the next 5 years would have been
classified in the low-risk group, receiving a weak recommendation
against screening, when using the risk threshold recommended by a
recent practice guideline.>* Based on such evidence, clinicians might
feel confident to recommend more intensive screening to those at
high-risk, but they might be hesitant to recommend reduced screening
intensity for those at lower-risk. Available evidence suggests that pre-
diction models would allow identification of high-risk younger individ-
uals, currently ineligible for population-based programmes, who might
benefit from screening. On the other hand, using pre-defined CRC risk
thresholds to recommend screening also results in a large proportion
of people starting screening at older ages than currently rec-
ommended, leading to a potential reduction of the preventive impact
of screening. Even with reliable models, there is the concern of the
prevention paradox that dictates that targeting high-risk groups could
result in exclusion of a large group of individuals at low-moderate risk

of CRC, where actually the majority of CRCs occur.>®

4.2 | Translation from risk into actionable clinical
information

Several gaps in current knowledge of the complex array of factors
influencing CRC risk are not only limiting the accuracy, but also the
clinical usefulness of risk predictions. Studies so far have focused
exclusively on risk prediction and discriminating between low- and
high-risk individuals. Although it is obvious that low-risk individuals
should be screened less intensely and high-risk people more intensely
than the average, the optimal decrease or increase in intensity has
never been studied. Decision models have proven their use for opti-
misation of screening strategies for a long time already®®”; however
their use in risk-based screening has been limited, focusing on a single
screening setting such as stop age,>® or comparing only a limited num-
ber of risk groups.>’ The problem is that with the expanding number
of risk groups, and the wide range of possibilities for varying screening
(eg, age to start screening, age to stop screening, screening interval,
screening test and the cut-off value for a positive test), the number of
possible strategies becomes endless which is even beyond the compu-
tational capacity of decision models to fully explore. First, smart algo-
rithms need to be developed to efficiently determine optimal
screening strategies by risk. Even then, models should only be used to
extrapolate clinical evidence. We currently lack clinical studies evalu-
ating risk-based screening to allow valid extrapolation in this field.
Therefore, it remains unclear whether differences in risk are related to
the propensity to develop pre-malignant lesions and/or to the rate of
transition from polyp to invasive CRC (duration of the pre-clinical
detectable phase). It is also not clear whether cancers occurring in
low-risk vs high-risk persons show the same characteristics and prog-

nosis, which could influence the effectiveness of screening. Until we
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have this information, modelling can be used for hypothesis genera-
tion and indicate potential risk-based strategies to explore first. These
can be tested in clinical studies of which the results will shed light on
the natural history of CRC by risk, and then we can validly use model-
ling to further optimise the choice of the test, as well as of the optimal

screening interval.

43 | Framework to collect risk factor information

Information about genetic risk profile, lifestyle and/or anthropometric
measures is generally not available in population-based screening
programmes and needs to be collected. The logistics of data collec-
tion, including organisation of blood sampling and storage, delivery of
life-style questionnaires and measure of anthropometric parameters
are posing new challenges to the screening organisation. The costs
and the amount of resources needed to collect and manage risk infor-
mation might be reduced in the near future, as a result of the adoption
of validated simplified life-style risk scores, as well as of advances in
genetic profiling techniques, allowing for large scale genetic testing.
Nevertheless, adding the costs of data collection to screening and
treatment costs might still result in a less favourable cost-effective-
ness ratio of risk-based, as compared to age-stratified, screening. Also,
the optimal timing to collect the information, which is most relevant
to predict individual's level of risk, needs to be defined. Indeed, while
genetic information can be considered fixed, individual's habits/
lifestyle and anthropometric measures as well as family history are
likely to undergo changes over time. Furthermore, the instruments to
collect these data need to be standardised and optimised in order to

minimise misclassification of self-reported information.

44 | Ensuring consistent levels of screening
participation

Careful consideration should be given to the potential impact of risk-based
strategies on uptake, because benefits of population screening are largely
dependent on participation. With many countries already experiencing
suboptimal levels of participation in routine age-based screening for
CRC,%%¢! the impact of risk-based screening on adherence requires careful
monitoring. On the one hand, the increasing complexity of screening may
confuse people to the extent that they no longer participate. If an invita-
tion to cancer screening is accompanied by a lifestyle questionnaire, or a
call for a blood test, this could put people off in participating. This may
especially be a concern for groups with lower health literacy, such as lower
socioeconomic status (SES) groups or ethnic minorities, potentially increas-
ing disparities in screening uptake and thus disease burden. The fact that
these groups often comprise a disproportionately high number of persons
at higher CRC risk due to unhealthy lifestyle factors further adds to this
concern. Acceptance might be particularly problematic for approaches that
require genetic information due to data privacy concerns.

On the other hand, individuals at increased risk of CRC have been

shown to be more compliant to screening guidelines than those at average
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FIGURE 2 Participation with colonoscopy and Faecal
Immunochemical Test (FIT) in a randomised controlled trial comparing
(1) screening with colonoscopy only, (2) screening with FIT only and
(3) risk-stratified screening where colonoscopy was offered to higher-
risk individuals and FIT to those at lower risk. Based on: Chen et al®*

risk.®? suggesting that the provision of risk information may assist in
screening uptake.’®®® On the surface, a recent randomised controlled
comparing a risk-stratified screening arm with two arms offering colonos-
copy or FIT only indeed showed a higher participation rate with colonos-
copy in the risk-stratified arm compared to the colonoscopy arm
(Figure 2).°* Nevertheless, even in this arm, still more than half of the pop-
ulation offered colonoscopy refused and participation with screening was
highest in the FIT only arm. Yet, coupled with evidence that involvement
of general practitioners (GPs) improves participation in CRC screening,®® a
simple risk assessment has the potential to positively impact screening par-
ticipation.?® However, those identified at lower risk may lose interest in
screening altogether, or alternatively may not accept a reduction of the
access to pre-existing services and especially those with higher SES may
search for more intensive screening elsewhere.

4.5 | Enable informed decision-making through
information and communication

A challenge that is common to all approaches to risk stratification is to
enable subjects targeted for screening to make an autonomous and
informed decision about participation. On the one hand, it has been
suggested that personalised risk communication may enhance
informed choice.®® However, communication strategies should be
designed to convey clear and comprehensive information to help peo-
ple targeted for screening to understand and to use risk estimates,
while avoiding overload with complex information. Communicating
risk in a way that can be understood by everybody, avoiding both the
potential risk of inducing false reassurance and of causing psychologi-

cal distress, requires careful consideration of invitees' information

needs, concerns and preferences, as well as the adoption of different

formats and channels to convey the relevant information.

4.6 | Ensuring quality assurance

Monitoring, evaluation and other quality assurance measures should
be inherent to any cancer screening programme. After implementation
of risk-stratification, it is important to carefully monitor the impact of
risk-based screening. Does risk-stratification indeed lead to the antici-
pated increase in screen-detected advanced neoplasia and a decrease
in false-positive test results, overtreatment and interval cancers? In
particular, potential adverse effects of risk feedback on participation
and on disparities in access to screening and care need to be moni-
tored long term. Finally, new screening indicators need to be devel-
oped to monitor the psychological impact of risk-stratification and
communication on participants, as well as the impact on use of
healthcare resources outside the screening programme from low-risk
individuals seeking higher-intensity screening.

4.7 | Protect against stigmatisation and
discrimination

Labelling individuals with risk is inherent to any risk-based interven-
tion, but unexpected diagnosis labelling in screening has been shown
to be associated with psychological harm.” Moreover, concerns have
been raised about the potential risks of stigmatisation and discrimina-
tion when using information about individual's risk profile to modulate
or implement medical interventions.®® Several reports provided evi-
dence that the belief that cancer is a self-inflicted disease represents
a major factor contributing to cancer stigma,®® also among CRC
patients.”® This might lead to social stigmatisation of subjects in the
high-risk group, who may be perceived as partially responsible for
their condition, which might undermine the principles of solidarity on
which current screening programmes offering universal coverage have
been established. In order to protect people enrolled in risk-based
screening interventions against the potential risk of discrimination,
which appear especially high in the context of insurance, employment
and social relationships, legislative measures are required, aimed to
prohibit unauthorised access to sensitive information. However, the
adoption of such measure might not be sufficient to completely allevi-
ate fears of discrimination.”? It was pointed out that even if data are
protected, calls for risk-based screening might be interpreted by third
parties as a proxy of elevated risk and this information may be used to

set higher insurance premiums.®®

5 | FUTURE DIRECTIONS

This overview provides insight in the possibilities and challenges for
risk-based screening for CRC. Although the possibilities are plenty,
there are still many organisational, societal and ethical issues that are
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understudied and/or need to be discussed and agreed upon. A first
step is therefore to perform both qualitative and quantitative research
investigating conditions for acceptability of risk-based screening, and
its impact on costs and organisation. Empirical evidence from large
pilot studies is required to assess whether the expected benefits actu-
ally outweigh the observed harms. For example, it may be easier to
change policy in the direction of what can be perceived as an addition
rather than a reduction of the access to pre-existing services. A study
in breast cancer reported that 85% of the women were willing to par-
ticipate in more frequent screening if they were at high genetic risk,
while only 59% of the women were willing to participate in less fre-
guent screening because they were at low genetic risk.”? In fact, the
majority of the challenges described are certainly not unique to CRC.
It is therefore important to see these challenges in the broader light of
risk-based cancer screening in general and learn from experiences in
other fields, such as for example the MyPeBS study, an international
European Union-funded clinical study that evaluates personalised
breast cancer screening.

Collecting lifestyle information for risk-based screening offers the
additional possibility for adding lifestyle interventions to the screening
programme. Indeed, an increase in the adherence score to healthy life-
style recommendations among subjects aged 50 to 60 targeted for
CRC screening was associated with a mortality reduction at 11-year

.73 More-

follow-up, in a population cohort enrolled in a screening tria
over, a recent observational study showed that better adherence to a
healthy life-style score was associated with a substantial reduction in
the absolute CRC risk in all subgroups of genetic risk, estimated based
on a PRS, even among subjects who had undergone screening
colonoscopy.”*

The implementation of risk-based screening within ongoing popu-
lation based programmes may ensure that adequate quality control
measures are implemented and the impact of the intervention is care-
fully monitored. In particular, potential adverse effects of risk feed-
back on participation and on disparities in access to screening and
care need to be monitored long term. In this way, concerns which
have been raised about the potential for risk-based screening to
undermine the principles of solidarity on which current screening
programmes offering universal coverage have been established might
be mitigated.

From the discussion above, it is obvious that risk-based screening
inherently makes screening more complicated. We therefore propose
to start with the low hanging fruit: introducing risk-based screening
based on already available information such as age, sex and screening
history. Stratifying risk based on available information can tackle many
of the more logistical barriers to risk-based screening mentioned
before. It is important to organise pilot experiences on risk-based
screening in order to support Health Technology Assessment evalua-
tions and update of the guidelines.

In case of FIT-based programmes, there are already programmes
where information, such as sex, age and the quantitative FIT result
(the faecal Hb concentration), is registered in existing databases for all
screening participants, so additional questionnaires are not needed

and no additional engagement is required for screenees in these
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programmes. Moreover, linking recommendations about screening
intensity to the test results might have a limited impact on participa-
tion. Subjects referred for re-screening at short interval would likely
show a higher compliance, as it is the case for high-risk subjects. A
longer screening interval would be justified based on the longer dura-
tion of the protective effect of the test, given the observed results at
previous tests, as opposed to a predicted low score of personal risk,
which might reduce the risk of inducing a false sense of reassurance.

Of course, when starting with the low hanging fruit, it is impor-
tant to build the infrastructure of the risk-based programme in such a
way that it can easily be adjusted to incorporate other types of risk
factors, such as lifestyle and/or genetic information. IT infrastructure
should be developed in a modular way, such that the module that
assigns an individual's screening interval based on information on fae-
cal Hb concentration from the screening database, can easily be rep-
laced by a module that assigns screening interval based on that same
information plus clinical information, for example, from GPs' electronic
archives. Eventually such systems could even allow for individuals to
opt for a different strategy than initially planned for them after
informed decision-making.

With all possibilities, it is important to recognise that risk-
stratification could always be further improved. However, the perfect
should not become enemy of the good. Implementing risk-based
screening based on age, sex and prior screening history alone is a
good improvement over current uniform screening approaches. Such
an approach could involve the target population in the design and
implementation of such a strategy to assess how risk-based screening
should be organised and communicated and this way help answer
some of the prioritised questions identified by experts.®® Perhaps it is
time for the field to start there and continue improving towards more
comprehensive risk-based screening embedding primary prevention
as an effective approach to lower risk for everyone. In other words,
let us go from talking about risk-based screening to implementing it,

saving lives in optimal balance with harms and resources.
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