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ABSTRACT
Objective In 2019, a BMJ Rapid Recommendation 
advised against colorectal cancer (CRC) screening for 
adults with a predicted 15- year CRC risk below 3%. Using 
Switzerland as a case study, we estimated the population- 
level impact of this recommendation.
Design We predicted the CRC risk of all respondents to 
the population- based Swiss Health Survey. We derived the 
distribution of risk- based screening start age, assuming 
predicted risk was calculated every 5 years between 
ages 25 and 70 and screening started when this risk 
exceeded 3%. Next, the MISCAN- Colon microsimulation 
model evaluated biennial faecal immunochemical test (FIT) 
screening with this risk- based start age. As a comparison, 
we simulated screening initiation based on age and sex.
Results Starting screening only when predicted risk 
exceeded 3% meant 82% of women and 90% of 
men would not start screening before age 65 and 60, 
respectively. This would require 43%–57% fewer tests, 
result in 8%–16% fewer CRC deaths prevented and 
yield 19%–33% fewer lifeyears gained compared with 
screening from age 50. Screening women from age 65 
and men from age 60 had a similar impact as screening 
only when predicted risk exceeded 3%.
Conclusion With the recommended risk prediction tool, 
the population impact of the BMJ Rapid Recommendation 
would be similar to screening initiation based on age and 
sex only. It would delay screening initiation by 10–15 
years. Although halving the screening burdens, screening 
benefits would be reduced substantially compared with 
screening initiation at age 50. This suggests that the 3% 
risk threshold to start CRC screening might be too high.

INTRODUCTION
Colorectal cancer (CRC) is the third most 
common cancer in the world.1 Studies have 
shown that population- based screening for 
CRC and its precursors can effectively reduce 
CRC mortality.2 However, the average life-
time risk of developing CRC is 4%–5%.3 
This implies that 95% of individuals will 
never develop CRC and thus not benefit 

from screening while they are exposed to 
its burdens and potential harms. There-
fore, individuals ideally make an informed 
choice to be screened or not, weighing these 
expected harms and benefits.

Currently, individuals are recommended 
to start CRC screening between ages 45 and 
60 in most Western countries.4–6 In 2019, 
a BMJ Rapid Recommendation guideline 
panel proposed screening initiation based on 
CRC risk instead. This panel summarised and 
balanced harms, burdens and benefits of CRC 
screening such as incidence and mortality 
reduction, required number of screening 
tests and the risk of complications, given an 
individual’s predicted 15- year risk of CRC. 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ A BMJ Rapid Recommendation advised against col-
orectal cancer (CRC) screening for individuals with 
a predicted 15- year CRC risk <3%.

 ⇒ The distribution of predicted risk in the population is 
unknown, therefore the population- level impact of 
this recommendation is uncertain.

WHAT THIS STUDY ADDS
 ⇒ Under the Rapid Recommendation, the vast majority 
of men and women would not start screening before 
age 60 and 65, respectively.

 ⇒ Compared with screening from age 50, the number 
of screening tests would be halved but also approx-
imately 10% of prevented CRC deaths and 19%–
33% of lifeyears gained by screening would be lost.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ We showed that the recommended comprehensive 
risk prediction tool does not outperform risk predic-
tion solely based on age and sex, and a 3% risk 
threshold for screening initiation could be too high.
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The panel recommended in favour of CRC screening if 
this risk exceeds 3% and against CRC screening if the 
risk is below 3% (weak recommendation), effectively 
suggesting to start screening when an individual’s risk 
exceeds 3%.7 For risk estimation, the panel used the 
QCancer- colorectal risk prediction tool, which uses risk 
factors such as age, sex, smoking status, alcohol status and 
prior cancer diagnoses.8 Its discriminative power ranks 
among the highest of all ‘comprehensive’ tools: those 
that use variables that are routinely available in the UK 
biobank or are easily obtained through questionnaires.9

However, the analysis forming the basis of this recom-
mendation did not incorporate the distribution of 
QCancer- predicted risk in the population.10 Therefore, 
the population- level impact of the recommendation is 
unclear. For example, women without any risk factors 
would be recommended against screening until age 67 
because their QCancer- predicted risk does not exceed 
3% before that age.11 As a consequence, this recom-
mendation could result in the so- called Geoffrey Rose’s 
Prevention Paradox12: if a majority of the population is 
not screened because it is at low risk, while most CRC 
cases occur in this majority, the Rapid Recommendation 
will prevent only a minority of these cases.13

Recently, the PREcision ScreENing randomised 
controlled Trial (PRESENT) in the canton of Vaud, Swit-
zerland, experimented with personalised CRC screening 
recommendations based on QCancer- predicted risk.14 
Using data obtained from and for this trial, our study 
modelled the long- term impact of the BMJ Rapid 
Recommendation using Switzerland as a case study. 
We compared this to age- based screening initiation, as 
currently practised, to assess whether it will be a case of 
Geoffrey Rose’s Prevention Paradox.

METHODS
First, we estimated the distribution of QCancer- predicted 
risk in the Swiss screen- eligible population. Second, we 
incorporated this distribution in the well- established 
Microsimulation Screening Analysis- Colon (MISCAN- 
Colon) model to simulate risk prediction with QCancer. 
Third, using this model, we simulated the population- 
level impact of risk- based CRC screening initiation as 
suggested by the BMJ Rapid Recommendation, compared 
with the current practice of age- based screening initia-
tion. In Switzerland, individuals are currently reimbursed 
for biennial faecal immunochemical test (FIT) (cut- off 
10 or 15 µg/g, depending on the canton) or 10- yearly 
colonoscopy screening between ages 50 and 69.

Distribution of QCancer risk
To estimate the distribution of QCancer- predicted risk in 
Switzerland, we used individual- level data from the Swiss 
Health Survey (SHS).15 This population- based, cross- 
sectional health interview is conducted every 5 years. 
Individuals over 15 years old are randomly selected for 
an interview to answer questions about lifestyle, health 

status and use of health services. Afterwards, the results 
are weighted by age, sex, canton, nationality and house-
hold size to represent the Swiss population.

At the time of our study, the most recently available 
SHS was from 2017. However, we used the written ques-
tionnaire of SHS 2012 as it included more questions on 
prior cancer diagnoses, required to calculate QCancer- 
predicted risk. We calculated QCancer- predicted risk of 
all respondents to SHS that were old enough to apply 
QCancer (≥25 years old) and not too old for screening 
(<75 years). Individuals were weighted by their SHS 
weight. Online supplemental table S1.2 shows the base-
line characteristics of these 14 414 weighted individuals.

Most questions in the QCancer calculator could 
simply be matched with SHS variables. All individuals 
were assumed not to have ulcerative colitis or diag-
nosed colonic polyps because these are exclusion 
criteria for routine CRC screening.16 Previous cancer 
diagnoses and family history of gastro- intestinal (GI) 
cancer were not available in SHS and were imputed 
(see the two Imputation sections). Missing entries 
of other variables were also imputed. We generated 
50 data sets using multiple imputation17 to assess 
the variance of the QCancer risk distribution due to 
the imputations. More details on matching SHS and 
QCancer, and the imputations are found in online 
supplemental appendix 1.1.

Imputation of previous cancer diagnoses
The QCancer calculator considers previous diagnoses of 
certain cancer types as a risk factor for CRC. However, 
SHS only captured cancer diagnoses from the past year, 
and without specifying the cancer type. To address this, 
individual previous cancer diagnoses were imputed in two 
steps. First, we assumed that the SHS variables ‘Have you 
ever been treated for cancer?’ and ‘Have you been diag-
nosed with cancer in the past year?’ indicated whether 
someone ever had cancer. Thus, we assumed that indi-
viduals with a cancer diagnosis made over a year ago 
had been treated. Second, we imputed a cancer type for 
all cancer diagnoses based on the age- specific and sex- 
specific 10- year prevalence of all cancers in Switzerland 
in 2012.18 We assumed that everyone had been diagnosed 
with only one cancer type.

Imputation of family history of GI cancer
SHS neither registers family history of GI cancer nor a 
suitable alternative. We randomly imputed GI cancer 
family history using the age- specific and sex- specific 
prevalence of CRC family history.19 In the base case, we 
assumed an average prevalence of 7.3%.

MISCAN-Colon microsimulation model
MISCAN- Colon is a well- established microsimulation 
model that has informed CRC screening guidelines in 
various countries.20–22 It simulates individuals from birth 
to death and some develop adenomas and/or CRC. By 
simulating various CRC screening strategies for these 
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individuals, the model evaluates the impact of screening. 
An extensive model description has been published 
previously.20 23 For our case study, we developed sepa-
rate models for Swiss men and women by adjusting the 
Dutch version of MISCAN- Colon. In short, we used data 
from Swiss cancer registries to recalibrate the sex- specific 
model parameters for risk of adenoma onset by age, 
speed of CRC diagnosis and CRC survival, in line with 
the successfully validated approach of Gini et al.24 More 
details are found in online supplemental appendix 2.

Risk prediction in MISCAN-Colon
In MISCAN- Colon, each individual is assigned an underlying 
‘true’ lifetime risk of developing adenomas. The distribu-
tion of this underlying risk in the population was previously 
calibrated to match international adenoma prevalence and 
CRC incidence estimates.20 In reality, the underlying risk is 
unobservable: we can only observe predicted risk as calculated 
by QCancer. Therefore, in the simulation, every individual 
was also assigned a QCancer- predicted risk whenever they 
completed the QCancer tool.

QCancer is not a perfect risk predictor, thus an indi-
vidual’s predicted and underlying risk typically do not 
align perfectly. Nevertheless, there is a correlation 
between predicted and underlying risk and the strength 
of this correlation depends on the predictive accuracy of 
QCancer. We calibrated this correlation using an ellip-
tical copula approach (online supplemental appendix 
3).25–27 Ultimately, an individual’s QCancer- predicted risk 
depended on this calibrated correlation, and the individ-
ual’s sex, age and underlying risk in the simulation.

Analysis
Screening strategies
We simulated two types of CRC screening strategies: risk- 
based and age- based. Risk- based screening started when an 
individual’s QCancer- predicted risk exceeded a specified 
threshold, similar to the Rapid Recommendation. Besides 
the suggested threshold of 3%, we also simulated thresholds 
of 1%, 2% and 4% to study the effect of alternative risk- based 
screening start criteria. We assumed that predicted risk was 
calculated every 5 years, thus individuals that exceeded a 
3% risk by age 62 would actually start screening at age 65. 
Age- based screening started at a fixed age for all individuals. 
We simulated four screening start ages (50, 55, 60 and 65), 
which were most comparable to the chosen risk- based strat-
egies. This includes the current Swiss recommendation to 
start screening at age 50.28

We evaluated these eight screening strategies by simu-
lating a birth cohort of men and women separately. 
We used biennial FIT (cut- off 15 µg/g) for screening. 
Screening stopped after age 75 because the screening 
stop age in Switzerland will be extended in the near 
future. After a positive FIT, individuals were referred for 
a follow- up colonoscopy. When adenomas were detected 
during colonoscopy, individuals would undergo colo-
noscopy surveillance according to Swiss guidelines.29 
We assumed full adherence to screening tests, follow- up 

colonoscopies and surveillance. Other assumptions such 
as test performance and colonoscopy complication rates 
can be found in online supplemental appendix 4.

As a reference, we also simulated a scenario without 
screening, whereby patients would only undergo colo-
noscopy when they presented symptoms of CRC.

Outcomes
First, we reported the estimated distribution of 
QCancer- predicted risk for 20 age and sex groups 
(25–29, 30–34, …, 70–74 for both sexes). Second, 
given that simulated individuals calculated their 
QCancer risk every 5 years, we calculated the distri-
bution of the starting age of screening for both sexes 
(online supplemental appendix 3.1).

Third, we simulated the sex- specific population- level 
benefits, burdens and harms of the eight screening strat-
egies. Benefits included prevented CRC cases and deaths 
and lifeyears gained (LYG) by screening. For screening 
burdens, we used the number of screening tests (FITs or 
screening colonoscopies) and number of individuals who 
had at least one or two colonoscopies (all colonoscopies). 
Screening harms were defined as the number of hospi-
talisations due to complications from any colonoscopy. 
All outcomes were reported per 1000 40- year- old men 
or women without CRC because 40 was the earliest age 
individuals would start risk- based screening. Addition-
ally, we reported two burden- benefit ratios: the number 
of screening tests per CRC death prevented by screening 
(Number Needed to Screen, NNScreen), and the number 
of individuals who had at least one colonoscopy per CRC 
death prevented (Number Needed to Scope, NNScope). 
All outcomes were lifetime outcomes, which contrasts the 
analyses for the Rapid Recommendation, which reported 
them for a 15- year time window.7 10

Sensitivity analyses
In sensitivity analyses, we first repeated our analyses with 
annual FIT and, second, with 10- yearly colonoscopy 
screening instead of biennial FIT. Third, we assumed 
a higher prevalence of GI cancer family history (on 
average 10% instead of 7.3%) because it is likely under-
estimated by the prevalence of CRC family history used 
for the imputations. Fourth, we assumed a lower prev-
alence of GI cancer family history (4.87%) because we 
used UK CRC family history prevalence for imputations. 
This may have overestimated the family history preva-
lence in Switzerland because CRC incidence in the UK 
is approximately 50% higher than in Switzerland (online 
supplemental appendix 1.1).30 Fifth, we estimated the 
distribution of QCancer risk from the results of the 
PRESENT study, which required other assumptions than 
SHS (online supplemental appendices 1.2 and 3.4). The 
study participants gave informed consent for their data 
being processed.14 Sixth, we used the Dutch version 
of MISCAN- Colon to evaluate the impact of the Rapid 
Recommendation in a country at higher risk of CRC. We 
assumed the same distribution of QCancer risk factors as 
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in Switzerland but a different natural history of disease. 
Seventh and eighth, we estimated the impact of the BMJ 
Rapid Recommendation when using a hypothetical, 
more discriminative risk prediction tool in Switzerland 
and The Netherlands, respectively. This tool had an area 
under the curve (AUC) of 0.84, independent of age and 
sex, and was perfectly calibrated to the Swiss or Dutch 
population (online supplemental appendix 3.5), rather 
than the estimated AUC of 0.66–0.70 for QCancer which 
includes age and sex.9

Patient and public involvement
Although patients have not been directly involved in this 
modelling study, they have been involved in the overall 
design and implementation of the overarching PRESENT 
study.14

RESULTS
Distribution of QCancer risk
Figure 1 shows the median of the 50 imputed QCancer 
risk distributions by sex. The variance of the 50 impu-
tations was negligible (online supplemental appendix 
1.1.3), so we proceeded with the median distributions 
of both sexes. Overall, QCancer assigned a wide range 
of risk scores to the population, from 0 to above 10%. 
However, the risk distributions of separate age groups 
were relatively narrow, especially in age groups below 
60 years, and their overlap was remarkably limited. For 
example, only 3.1% of women in age group 50–54 had 

a higher risk than the women with the lowest risk in age 
group 60–64. For men, this was only 4.6%. This shows 
that age is a very important risk factor in QCancer. Simi-
larly, QCancer- predicted risk exceeded 3% for all men 
and women in age group 70–74, but for only 1.6% of men 
and 0.3% of women aged 50–54.

Distribution of screening start age
For all four risk thresholds (1%, 2%, 3% and 4%), most 
individuals of the same sex would start screening at the 
same age (figure 2 and online supplemental appendix 
5.1). For instance, at a threshold of 3%, 56% of women 
started screening at age 65, and 66% of men started at 
age 60. In fact, 82% of women would not start screening 
before age 65, and 90% of men would not start screening 
before age 60.

When increasing the risk threshold for screening initia-
tion, the screening start age increased as well. For example, 
with a risk threshold of 1%, 49% of women and 92% of men 
would start screening at age 50. With a risk threshold of 4%, 
40% of women would never be screened because their risk 
only exceeded this threshold after the age of 70.

MISCAN-Colon simulations
Screening initiation at 3% risk
MISCAN- Colon predicted that risk- based screening, 
starting when an individual’s QCancer- predicted 
CRC risk exceeds 3%, would lead to a reduction in all 
screening outcomes compared with age- based screening 

Figure 1 Distribution of QCancer- predicted risk in the full Swiss Health Survey cohort, stratified by sex. The colours represent 
the distributions of 5- year age groups. The vertical, dotted line indicates the 3% risk threshold for screening as suggested by 
the BMJ Rapid Recommendation.
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from age 50. Prevented CRC deaths would decrease by 
15.6% for women (from 7.7 to 6.5 CRC deaths per 1000 
CRC- free 40- year olds, see figure 3 and table 1). For men, 
prevented CRC deaths would decrease by 7.8% (from 
10.3 to 9.5 CRC deaths prevented). The 3% threshold 
would result in a 32.9% loss in LYG for women (from 
103.8 to 69.7) and a 19.1% loss for men (from 125.7 to 
101.7). However, it would also require 57.2% fewer FITs 
(9655 to 4130) for women and 42.6% fewer FITs (8852 
to 5083) for men. Other screening burdens and harms 
would also be reduced by 25%–61%. The predicted 
NNScreen would decrease from 1258 to 638 for women 
and from 858 to 537 for men.

Age- based screening and risk- based screening yielded 
similar outcomes. For example, compared to screening 
from age 50, a screening start age of 65 would lead to a 
reduction in prevented CRC deaths (11.7% loss to 6.8 
CRC deaths prevented) and LYG (31.8% loss to 70.8 
LYG) similar to the 3% risk threshold. Moreover, the 
decrease in required FITs would be similar (55.2% to 
4322), and it would yield an equal NNScreen (637 per 
death prevented). For men, a screening start age of 60 
yielded a similar reduction in outcomes as the 3% risk 
threshold: compared with screening from age 50, CRC 
deaths prevented, LYG and number of FITs would be 
reduced by 8.7%, 19.3% and 41.1%, to 9.4 cases, 101.4 
LYG and 5211 FITs, respectively. The NNScreen would 
be 555.

Other screening start criteria
A 2% risk threshold for screening initiation would lead 
to a decrease in all outcomes compared with screening 
from age 50 for females, and similar number of cases and 
deaths prevented at slightly increased LYG, harms and 
burdens (figure 3 and online supplemental appendix 
6.1). In general, a 2% threshold yielded outcomes very 
similar to screening from age 60 for women and age 
55 for men. A 1% threshold would lead to negligible 
changes in screening outcomes, thus be very comparable 
to screening all men and women from age 50.

Of note, figure 3 shows that delaying screening initia-
tion from age 50 to 55 would lead to slightly more cases 
and deaths prevented while all other outcomes, including 
LYG, decreased. This is because the age to stop screening 
is also delayed from age 74 to 75 due to the 2- year FIT 
interval.

Sensitivity analyses
With annual FIT screening, a 3% risk threshold remained 
comparable to screening women and men from age 
65 and 60, respectively, and lead to a similar reduction 
in screening outcomes as for biennial FIT. Colonos-
copy screening had a smaller reduction in screening 
impact although it would not outperform age- based 
screening (online supplemental appendices 6.2 and 
6.3). Variations in the prevalence of GI cancer family 
history, using PRESENT data or using the Dutch natural 
history of disease, neither lead to risk- based screening 

Figure 2 Proportion of women and men that would start screening at a certain age given the used risk threshold for CRC 
screening initiation. We assumed individuals would complete the QCancer risk tool every 5 years. CRC, colorectal cancer.
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outperforming age- based screening (table 1 and online 
supplemental appendices 6.4–6.7).

When using substantially improved risk prediction 
tools in Switzerland, a 3% risk threshold still resulted 
in an 11%–23% loss in screening benefits compared 
with screening from age 50 (figure 4 and online supple-
mental appendix 6.8). This is because the majority of the 

population never reaches a 3% risk (online supplemental 
appendix 5.2). Screening harms and burdens, however, 
would be reduced by as much as 34%–80% when using 
a 3% threshold. Notably, a 1% threshold would yield 
increased mortality reduction (0.4%) and LYG for men 
(2.3%) and a small loss in other benefits (0.9–3.5%) at a 
substantial reduction in harms and burdens (15%–54%). 

Figure 3 Relative change in model- predicted screening outcomes of risk- based and age- based screening compared with 
screening from age 50. (A) Incidence reduction. (B) Mortality reduction. (C) Lifeyears gained by screening. (D) Number of 
screening tests. (E) Number of individuals with ≥1 colonoscopy. (F) Number of colonoscopy complications. (G) NNScreen: 
number of screening tests per CRC death prevented. (H) NNScope: number of individuals needed to scope per CRC death 
prevented. CRC, colorectal cancer; FIT, faecal immunochemical test.
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In The Netherlands, a 3% risk threshold combined with 
the hypothetical risk prediction tool would lead to a 
3.6%–8.9% reduction in benefits and a 20%–67% reduc-
tion in harms and burdens (table 1 and online supple-
mental appendix 6.9).

DISCUSSION
This study modelled the population- level impact of a 3% 
risk threshold for CRC screening initiation as suggested 
by the 2019 BMJ Rapid Recommendation. When using 
QCancer for risk prediction, the burdens and harms of 

Figure 4 Relative change in screening outcomes of risk- based and age- based screening compared with screening from 
age 50 for sensitivity analysis 7 assuming a hypothetical, better risk prediction tool for risk stratification. (A) Incidence 
reduction. (B) Mortality reduction. (C) Lifeyears gained by screening. (D) Number of screening tests. (E) Number of individuals 
with ≥1 colonoscopy. (F) Number of colonoscopy complications. (G) NNScreen: number of screening tests per CRC death 
prevented. (H) NNScope: number of individuals needed to scope per CRC death prevented. CRC, colorectal cancer; FIT, faecal 
immunochemical test.
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screening would be halved compared with the current 
Swiss recommendations to start screening from age 50. At 
the same time, however, it would decrease CRC cases and 
deaths prevented by up to 16%, and LYG by up to 33%. 
Its impact would be similar to using age and sex as risk 
factors alone: screening all women from age 65 and men 
from age 60. Our final two sensitivity analyses predicted 
that with a better, yet hypothetical risk prediction tool, a 
3% threshold for screening initiation would still yield a 
substantial loss in screening benefits of up to 23% and 
9% in Switzerland and The Netherlands, respectively. 
However, a lower risk threshold for screening initiation 
could yield similar screening benefits at significantly 
reduced burdens compared with screening based on age 
and sex.

The poor performance of risk- based as compared with 
age- based and sex- based screening initiation is because 
age and sex substantially impact QCancer- predicted 
risk. Our study showed that QCancer mainly uses age to 
discriminate between high- risk and low- risk individuals of 
the same sex. This aligns with external validation studies: 
while QCancer had an impressive discrimination in a 
cohort of 25 to 84- year olds (AUC±0.85),8 this reduced 
significantly in a cohort aged 40 to 69 (AUC 0.66–0.70).9 
Similarly, in the same cohort, the AUC of the risk predic-
tion tools without age as a risk factor did not exceed 0.56.9

Our distribution of QCancer- predicted risk is in line 
with previous estimates. 15- year risk of CRC was esti-
mated at typically 1%–2% at age 50 in Europe and 
North America,7 and 1%–7% at ages 40–69 in the UK.10 
In our study, 78% of SHS responders aged 50–54 had 
a 1%–2% risk, and 60% of SHS responders aged 40–69 
had a risk of 1%–7%. The majority of the remaining 
40% had a risk below 1%, which concurs with the known 
higher baseline risk of CRC in the UK compared with 
Switzerland.30

Other modelling studies also predicted that risk- based 
screening does not necessarily improve the balance 
between screening burdens and benefits in realistic 
scenarios. Frampton et al31 modelled risk- based screening 
initiation, similar to the BMJ Rapid Recommendation, 
based on polygenic risk (AUC=0.63) and age. Although 
this would lead to 16%–17% fewer screen- eligibles, it 
would yield 8%–10% fewer screen- detected CRC cases. 
It is debatable whether such a reduction in benefits 
outweighs the reduction in burdens. Ladabaum et al32 
defined three risk groups and assigned each a different 
screening intensity (10- yearly, 5- yearly or once- only 
colonoscopy). They predicted that this approach would 
only be cost- effective in the extreme case of perfect risk 
prediction. Naber et al26 predicted polygenic- risk- based 
screening strategies to be cost- effective for an AUC 
≥0.65 and costs of polygenic testing of up to US $100. 
However, they identified 12 risk groups, each requiring a 
different screening strategy, which might be challenging 
to implement in practice. Notably, when their model 
was extended by van den Puttelaar et al27 to incorporate 
risk prediction of other- cause mortality, an AUC of 0.65 

for CRC risk prediction was found insufficient to be 
cost- effective.

Our study is the first to assess the long- term population- 
level impact of the Rapid Recommendation. An 
important strength of this study is it using the most reli-
able data sources available for Switzerland. Nevertheless, 
there are several limitations to note. First, as with many 
population health surveys, the SHS is prone to healthy 
population and social desirability biases.33 34 The true 
distribution of QCancer risk might be higher on average 
and more heterogeneous than reported if unhealthy 
lifestyle is under- reported and unhealthy subjects are 
under- represented. Second, QCancer was developed for 
the UK population and would ideally be recalibrated to 
the Swiss or Dutch population. However, it is unlikely 
that a recalibrated QCancer tool for these countries, nor 
the original tool applied to the UK population, is more 
independent from age and sex. Third, we only modelled 
FIT and colonoscopy separately. In reality, most Swiss 
programmes have the benefits, harms and burdens of 
offering the choice between both screening tests. Finally, 
we calibrated MISCAN- Colon to historical CRC inci-
dence rates and stage distributions from a period before 
(opportunistic) CRC screening to more accurately model 
the likely effects of screening. As a consequence, we were 
limited to reliable CRC stage distribution data from the 
urban canton of Geneva, which might not be representa-
tive for Switzerland.

Notwithstanding these limitations, our results have 
important implications for clinical practice. First, they 
suggest that screening based on QCancer- predicted 
risk should not be considered for population- based 
screening programmes because it does not outperform 
screening simply based on age and sex at population 
level. Instead, the QCancer questionnaire could even 
negatively impact screening effectiveness as it may be a 
potential barrier to screening participation. Our study 
predicts that improved risk prediction tools do have 
potential to outperform age- based screening initiation. 
For example, risk prediction tools using prior negative 
FIT results achieve higher AUCs35 36 and do not require 
individuals to complete a questionnaire. Second, the 
recommended 3% threshold for screening initiation 
should be reconsidered. Using QCancer for risk predic-
tion, it would result in considerably delayed screening 
initiation for the vast majority of the Swiss population, 
which is in sharp contrast with recent changes in some 
CRC screening recommendations,5 and in substantial 
losses in screening benefits, especially for women. This 
likely holds for other Western countries as well because 
it is unlikely that the difference in CRC risk between 
countries is fully explained by differences in risk factors 
included in the QCancer tool. Yet, even with the substan-
tially improved risk prediction tool from our sensitivity 
analyses, a 3% risk threshold would yield losses in 
screening benefits compared with screening from age 
50, although they were small for Dutch men. Since Swit-
zerland and The Netherlands have one of the lowest 
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and highest age- standardised CRC incidence rates in 
Europe, respectively, the 3% threshold will likely yield 
losses in nearly all European countries.30

To summarise, the BMJ Rapid Recommendation to not 
screen individuals whose 15- year risk of CRC is below 3% 
would likely halve screening burdens and harms in Swit-
zerland. Unfortunately, it would also substantially reduce 
screening benefits, especially for women. This could be 
considered an example of Geoffrey Rose’s Prevention 
Paradox, whereby screening mostly high- risk individuals 
would miss a large portion of CRC cases that occur in low/
moderate risk groups. Furthermore, risk- based screening 
using QCancer does not outperform screening based on 
age and sex alone. Given these results, we should reopen 
the discussion on the appropriateness of discouraging 
individuals to be screened if their 15- year risk of CRC is 
below 3%.
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