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BACKGROUND: Interval cancer (IC) is a critical issue in colorectal cancer (CRC) screening. We identified factors associated with ICs
after faecal immunochemical test (FIT) screening and explored the impact of lowering FIT cut-off or shortening screening interval
on FIT-ICs in Flanders.

METHODS: FIT participants diagnosed with a CRC during 2013-2018 were included. Factors associated with FIT-ICs were identified
using logistic regression. Distributions of FIT results among FIT-ICs were examined.

RESULTS: In total, 10,122 screen-detected CRCs and 1534 FIT-ICs were included (FIT-IC proportion of 13%). FIT-ICs occurred more
frequently in women (OR 1.58 [95% Cl 1.41-1.76]) and ages 70-74 (OR 1.35 [1.14-1.59]). FIT-ICs were more often right-sided (OR
3.53 [2.98-4.20]), advanced stage (stage IV: OR 7.15 [5.76-8.88]), and high grade (poorly/undifferentiated: OR 2.57 [2.08-3.18]). The
majority (83-92%) of FIT-ICs would still be missed if FIT cut-off was lowered from 15 to 10 ug Hb/g or screening interval was
shortened from 2 to 1 year.

CONCLUSIONS: FIT-ICs were more common in women, older age, right-sided location, advanced stage and high grade. In Flanders,

lowering FIT cut-off (to 10 ug Hb/g) or shortening screening interval (to 1 year) would have a minimal impact on FIT-ICs.
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BACKGROUND
Worldwide, colorectal cancer (CRC) accounts for one in every ten
cancer cases and deaths. Between 2012 and 2018, the number of
patients diagnosed with CRC in Europe increased from 447,000 to
500,000 while the number of those who died from this disease
increased from 215,000 to 242,000 [1]. In Flanders (57% of the
Belgian population), CRC is the second most common cancer in
women and third in men. In 2018, the age-standardised (world
standard population) CRC incidence rates for men and women
were 33.8/100,000 and 24.1/100,000 person-years, respectively [2].
CRC screening helps to detect precancerous lesions and tumours
at an early stage and can therefore reduce CRC-related mortality.
Faecal occult blood test is recommended for organised CRC
screening by the European guidelines [3]. Guaiac faecal occult
blood test (gFOBT) has been shown to reduce CRC-related mortality
by 15.0-33.0% [4-6]. In recent years, faecal immunochemical test
(FIT) is a more preferred screening test by many CRC screening
programmes since it offers a higher sensitivity compared to gFOBT
[7]. Among the organised screening programmes that use FIT,
each programme implements a different screening strategy: a
different FIT cut-off (15-80 pug Hb/g) or screening interval (1-year
or 2-year), depending on its desired diagnostic values and capacity

of follow-up colonoscopy after a positive FIT [7]. Research is still
ongoing to identify the optimal screening strategy for each
programme.

The optimisation of a screening programme needs to be
approached from different angles. The occurrence of FIT interval
cancers (FIT-ICs) is an important quality indicator of any screening
programme using FIT. FIT-IC is defined as CRC diagnosed after a
negative FIT and before the next recommended examination [3].
The proportion of FIT-ICs ranged from 7 to 51% in previous studies
with a FIT cut-off between 10 and 80 ug Hb/g (2-year screening
interval) [8-13]. In addition, FIT-ICs have been shown to be
associated with more advanced stage, higher grade and more
aggressive histotype, resulting in reduced survival compared to
screen-detected CRCs [8, 12, 14, 15]. The European guidelines
recommend monitoring interval cancers as a parameter of
programme effectiveness [3].

Prior research has pointed out several subgroups who are at a
higher risk of having FIT-IC such as women [9, 13, 16-19] and older
age [16, 20]. These individuals may be disadvantaged when only a
single FIT cut-off is used for the whole screening population.
Therefore, many studies have advocated individualising FIT usage
in CRC screening to increase equity across subgroups and improve
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the performance of the screening programmes [13, 21-23].
Gender-specific FIT cut-offs have been introduced in several
screening programmes to narrow the gap between men and
women in the test’s diagnostic performance, especially sensitivity,
such as 80 pg Hb/g for men and 40 pug Hb/g for women in Sweden
[24, 25], or 70pugHb/g for men and 25pugHb/g for women
in Finland [26]. Shortening screening interval has also been
suggested as a possible measure for subgroups with a lower FIT
sensitivity [21].

In Flanders, the organised CRC screening programme has been
in place since 2013, which offers a free biennial FIT to all
individuals in the target population using a centralised invitation
procedure. During the study period (2013-2018), the programme
used a uniform FIT cut-off of 75ngHb/ml (15 pgHb/g) and a
uniform screening interval (2-year) for all screening individuals
aged 53-74 vyears. However, like other CRC screening pro-
grammes, the Flemish programme is attempting to determine
the optimal screening strategy to optimise its efficacy. The
objectives of the current study were to identify factors associated
with the risk of having a FIT-IC versus a screen-detected CRC and
explore the impact of lowering FIT cut-off or shortening screening
interval on reducing FIT-ICs in the context of the Flemish CRC
screening programme. These findings can provide valuable
information on the directions of personalising CRC screening
using FIT for the Flemish screening programme as well as for other
countries and regions.

METHODS

Flanders and its CRC screening programme

Flanders is the most populated region of Belgium (6.6 million
inhabitants, 57% of the Belgian population) [27]. The CRC screening
programme in Flanders has been in place since October 2013 and offers
a free biennial quantitative FIT (OC-sensor, Eiken Chemical Co, Tokyo,
Japan) to all citizens eligible for CRC screening. During the study period,
the target screening ages were extended gradually from 56-74 in 2013
to 53-74 in 2018 (up to 50-74 in 2020). People were excluded from the
screening invitation list if they had had a stool test in the past 2 years, a
virtual colonoscopy in the past 4 years or a complete colonoscopy in the
past ten years, had been diagnosed with CRC in the past ten years or had
had a colectomy (excluded permanently). The positivity cut-off of FIT
was 215 ug Hb/g [or 75 ng Hb/ml, conversion formula: pg Hb/g faeces =
(ng Hb/ml buffer) x 2mL buffer/10 mg faeces collected]. In 2018, the
response rate of the Flemish CRC screening programme was 51.5%
(~670,000 invitations sent out). The FIT sensitivity values were 72.4% and
86.3%, positive predictive values were 3.7% and 4.1%, and
detection rates were 0.17% and 0.19%, respectively, for invasive and
in situ cancers [28].

After a positive FIT, patients are advised to undergo a colonoscopy
ordered either through their GP or by consulting a gastroenterologist.
During the study period, follow-up colonoscopy was not included as part
of the population-based CRC screening programme in Flanders and there
was also no centralised colonoscopy quality register in Belgium. Data on
the performance of a follow-up colonoscopy after a positive FIT, based on
the reimbursement data from health insurance companies, was available at
the Belgian Cancer Registry and used to create an exclusion list (as detailed
above) for the CRC screening programme for the next invitation round
[1el.

Study population and data sources

The study population included all eligible individuals for CRC screening
(53-74 years) who participated in the Flemish CRC screening programme
between October 2013 (start of the programme) and December 2018 (the
latest year for which all required data were complete) and were
subsequently diagnosed with either a screen-detected CRC or FIT-IC in
the same period. A screen-detected CRC and FIT-IC were defined by the
screening programme as follows:

Screen-detected CRC was defined as a CRC diagnosed after a positive
FIT, within 6 months after the first follow-up colonoscopy and before
the next recommended FIT invitation (24 months).

FIT-IC was defined as a CRC diagnosed after a negative FIT and before
the next recommended FIT invitation (24 months).

Data on individuals’ screening history (FIT result and follow-up
colonoscopy) were retrieved from the database of the Flemish Centre for
Cancer Detection and were linked with data on tumour characteristics
(location, stage and differentiation grade) from the population-based
Belgian Cancer Registry. The Belgian Cancer Registry collects information
regarding new CRC diagnoses based on obligatory notifications provided
by the oncological care programmes and the laboratories for pathological
anatomy. Validated data are currently available for Flanders from 2001 to
2018 with an estimated >98% completeness. In the case of multiple
lesions, only the most advanced finding was retained (e.g., prioritising
invasive lesions over in situ lesions). The applicable TNM edition at the time
of diagnosis was used (TNM 7th edition for incidence years 2013-2016 and
TNM 8th edition for incidence years 2017-2018) [29, 30]. A combined TNM
stage was determined by prioritising pathological staging over clinical
staging, except in the presence of clinical distant metastases which were
always considered stage IV. Tumour location was classified as right
side (from the cecum to the transverse colon), left side (from the splenic
flexure to the sigmoid colon) or rectum [8, 9, 18]. Differentiation grade was
classified as well-differentiated (grade 1), moderately differentiated (grade
2) and poorly/undifferentiated (grade 3-4) [8, 14, 31, 32].

Statistical analysis

Sample size. All 11,656 FIT participants between October 2013 and
December 2018 who were subsequently diagnosed with either a screen-
detected CRC (N=10,122) or FIT-IC (N=1,534) in the same period were
included for all the analyses; except in the analyses regarding tumour
location where we only included 10,111 screen-detected CRCs and 1528
FIT-ICs because two CRCs with an overlapping location and 15 CRCs in the
right side of the colon but detected with an incomplete colonoscopy were
removed.

Missing data. Data on gender, age at FIT screening and cancer diagnosis
were known for all study subjects. About 14% of the tumours had an
unknown stage, 38% had an unknown location and 47% had an unknown
differentiation grade. In such cases, the data providers (oncological care
programmes and/or laboratories for pathological anatomy) filled in the
variables with an unspecified code or left them blank (although the fields
were mandatory in the registration form). In our data analyses, these
observations were included under the “unknown” category.

Main analysis. Continuous variables were described with medians
(interquartile ranges) and categorical variables were described with
numbers (percentages). Logistic regression was used to assess the
associations between individuals’ and tumours’ characteristics and the
risk of having a FIT-IC versus a screen-detected CRC. Crude and adjusted
odds ratios (for age and gender) with 95% confidence intervals were
reported. In this study, stage | was used as the reference to enable the
comparison with other studies where only stages |-IV were included
[8, 10-12, 31]. FIT-IC proportions for different profiles combining
individuals’ and tumours’ characteristics were presented. FIT-IC proportion
was calculated as the number of FIT-ICs divided by the total number of FIT-
ICs and screen-detected CRCs and presented as percentage to enhance
comprehension [11, 12, 16]. We also examined the distributions of FIT
results among FIT-ICs in the first/second year of the screening interval and
by patients’ and tumours’ characteristics to explore the impact of
shortening FIT screening interval or lowering FIT cut-off on reducing FIT-
ICs. There is discrepancy among guidelines regarding whether to include
in situ cancers in the definition of colorectal carcinoma (TNM and Japanese
classification systems) or not (European and US classification systems)
[3, 30, 33]. To facilitate the comparison of our findings with those of other
studies, we present, where it is possible, the results for in situ cancers as a
separate group from invasive cancers.

P-values less than 0.05 (two-sided) were considered statistically
significant. All analyses were performed with RStudio (version 1.3.1056;
RStudio, PBC, Boston, MA).

Privacy and ethics

When participating in the Flemish CRC screening programme, each person
fills out a written informed consent stating that personal information can
be used for evaluating and improving the screening programme and for
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scientific research. Data used in the current study relied on recurrent data
exchanges between the Flemish Centre for Cancer Detection and Belgian
Cancer Registry, for which approval was given by the Belgian Privacy
Commission on 17 September 2013 and amended on 2 July 2019, with
reference IVC/KSZG/19/236, number 13/091 [34]. Only pseudonymized
data were used for this study, and results are reported in an aggregated
way. The study protocol conforms to the principles of the Declaration of
Helsinki. Our reporting adheres to the STROBE guidelines for observational
studies (Supplementary Table 1) [35].

RESULTS

Characteristics of the study population

In total, 11,656 CRCs diagnosed after FIT screening were included,
with a FIT-IC proportion of 13%. The number of CRCs decreased
gradually each year from 3174 in 2014 to 1524 in 2018. Most of the
study subjects were male (64.5%). The median age at FIT screening
was 66 years. A large proportion of the tumours were classified as
“unknown” for location (38.3%), stage (14.0%) or differentiation grade
(46.7%). Among the tumours with known categories, the majority
presented in the left side of the colon or rectum (5680/7,188; 79.0%),
at stage | or in situ (7184/10,019; 72.0%) and were moderately
differentiated (3577/6209; 57.0%) (Table 1).

Factors associated with the risk of having a FIT-IC versus a
screen-detected CRC

The risk of having a FIT-IC versus a screen-detected CRC was 1.6 times
higher in women vs. men (OR = 1.58 [1.41-1.76]) and 1.4 times higher
in people aged 70-74 compared to ages 53-59 (OR=1.35
[1.14-1.59]). Regarding tumours’ characteristics, the risk of having
FIT-IC was 3.5 times higher for tumours in the right side of the colon
(OR=3.53 [2.98-4.20]) and twice higher for those in the rectum
(OR =201 [1.72-2.37]) compared to those in the left side; 7.2 times
higher for stage IV compared to stage | (OR = 7.15 [5.76-8.88]); and
2.6 times higher for poorly/undifferentiated lesions compared to well-
differentiated lesions (OR = 2.57 [2.08-3.18]) (Table 2).

Figure 1 illustrates the increase in FIT-IC proportion when the
tumour stage (the strongest factor associated with an increased
risk of having a FIT-IC) was combined with other factors. FIT-IC
proportion was 45% when considering stage IV alone but
increased to 49% when stage IV was combined with age 70-74;
55-56% when stage IV was combined with female gender or
poorly/undifferentiated grade and to 63% when stage IV was
combined with right side location.

Distribution of FIT results among FIT-ICs in the first/second
year of screening interval and by patients’ and tumours’
characteristics

The number of FIT-ICs increased during the 2-year screening
interval (Fig. 2). More than sixty percent (922/1534) of FIT-ICs were
detected in the second year. According to the distributions of FIT
results (Fig. 3 and Supplementary Table 2), 83-92% FIT-ICs in both
sexes, all age groups, tumour locations and stages had a low
quantitative FIT result of <10 pugHb/g. This majority of FIT-ICs
would not be picked up if the FIT cut-off was lowered from 15 to
10 pg Hb/g. Similarly, 89% of the FIT-ICs detected in the second
year of the 2-year screening interval also had a low FIT result of
<10 pg Hb/g, suggesting that most FIT-ICs would still be missed
even if the screening interval was shortened from 2 to 1 year,
given the current FIT cut-off of 15 ug Hb/g.

DISCUSSION

Using data of all screen-detected CRCs and FIT-ICs diagnosed in FIT
participants for CRC screening in Flanders during 2013-2018, we
identified several factors associated with a higher risk of having a FIT-
IC versus a screen-detected CRC. These include female gender, older
age, right side and rectum locations, advanced stage and high grade.

British Journal of Cancer (2022) 126:1091 - 1099
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Table 1. Characteristics of individuals who participated in the Flemish
colorectal cancer screening programme during 2013-2018 and were
subsequently diagnosed with either a screen-detected or interval
colorectal cancer.

Characteristics Number (%)

N=11,656

Screen-detected CRCs + FIT-ICs per incidence year

2013 143 (1.2%)

2014 3174 (27.2%)

2015 2687 (23.1%)

2016 2192 (18.8%)

2017 1936 (16.6%)

2018 1524 (13.1%)
Gender

Male 7516 (64.5%)
Age at FIT screening

Median (IQR) 66 (61-70)

53-59 2035 (17.5%)

60-69 6290 (54.0%)

70-74 3331 (28.6%)
Tumour location

Right side 1506 (12.9%)

Left side 2761 (23.7%)

Rectum 2919 (25.0%)

Unknown 4468 (38.3%)

Overlap 2 (~0%)

Tumour stage

In situ 4470 (38.3%)
| 2714 (23.3%)
Il 1060 (9.1%)
1] 1269 (10.9%)
\% 506 (4.3%)
Unknown 1637 (14.0%)

Differentiation grade
Well differentiated
Moderately differentiated

Poorly and undifferentiated

1752 (15.0%)
3577 (30.7%)
880 (7.5%)

Unknown 5447 (46.7%)
Outcome
FIT-ICs 1534 (13.2%)

CRC Colorectal cancer, FIT faecal immunochemical test, IC interval cancer,
IQR interquartile range.

The majority (83-92%) of FIT-ICs in both the first and second year of
the 2-year screening interval and all subgroups had a low FIT result of
<10 pg Hb/g, indicating a minimal impact of shortening the screening
interval from 2 years to 1 year or lowering the FIT cut-off from 15 pg
Hb/g (the current cut-off) to 10 ug Hb/g on reducing FIT-ICs.

The FIT-IC proportion in Flanders during 2013-2018 was 13%,
which lies within the range of FIT-IC proportion of 7-23% in other
screening programmes using a FIT cut-off between 10 and 20 pg
Hb/g [8-12]. Our study also supports previous findings that ICs
after a negative faecal occult blood test are more common in
women, [9, 13, 16-19] older people [16, 20, 36], in the right side of
the colon [8, 9, 11, 16-19, 22] or in the rectum [10, 17, 37], at a
more advanced stage [8-14, 16, 22, 31, 37] and with a higher
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Proportions of interval cancer after a faecal immunochemical test (FIT-IC) for different profiles combining individuals' and
tumours' characteristics. Proportions of FIT-IC when tumour stage is combined with gender, age group, tumour location and differentiation
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Year 1: 612 FIT interval cancers
(invasive: 426, in situ: 186)
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Fig. 2 Number of interval cancers after a faecal immunochemical test (FIT-ICs) during the 2-year screening interval. The numbers of
invasive, in situ and total FIT-ICs in the first and second year of the 2-year screening interval (M1-M24: month 1 to month 24 after FIT

screening).

grade [14, 31], compared to screen-detected CRCs. Prior literature
has proposed several explanations for these associations but
definitive conclusions have not been reached.

The fact that women have a higher risk of having FIT-IC than men
might be due to lower blood haemoglobin concentrations
[17, 20, 38], a longer colonic transit time leading to a greater degree
of haemoglobin degradation [39], or a higher proportion of harder-to-
detect, right-sided cancers [17, 20, 22, 40]. The last proposed reason
might contribute modestly to the explanation since after adjusting for
tumour location, we found almost the same association between
gender and the risk of having a FIT-IC versus a screen-detected CRC
(OR 1.53 [1.36-1.71]), showing 1.53 times higher risk of having a FIT-IC
in women, independently of location.

Although a number of studies have shown a lower FIT
sensitivity in older people [16, 20, 36], no possible explanations
for this association have been given. Fraser et al. (2014) reported
increasing faecal haemoglobin concentrations with age (50-69
years) for both men and women in the screening populations for
CRC [39]. With a higher faecal haemoglobin concentration and a
higher CRC incidence rate, we would normally expect a higher FIT
sensitivity in the older age group; it is interesting that studies have
found the inverse. We also tested the possibility that CRCs
diagnosed in older people presented at a more advanced stage
and therefore were missed more by FIT. However, this hypothesis
was not supported by our data since the association between the
oldest age group (70-74) and the risk of having a FIT-IC versus a
screen-detected CRC remained (OR 1.31 [1.11-1.56]) after we
adjusted for tumour stage in addition to gender. It is a question of
future research to investigate the possible reasons for the lower
sensitivity of FIT in the older age group.

Prior research has reported a higher proportion of nonpolypoid
(flat) tumours in the right side compared to the left side of the colon
[21, 41]. These tumours tend to have a higher risk of malignant
transformation and invasiveness at a relatively smaller size [41, 42].
Due to the smaller areas in contact with faeces and sparser
vasculature in the mucosa, they bleed less and are less sensitive to
FIT [21, 43]. A longer transit time from the right side may also lead to a
greater degree of haemoglobin degradation, and therefore more
false-negative results occur with right-sided tumours [17, 19, 21, 44].
Selby et al. reported a significantly lower faecal haemoglobin level of

the right-sided cancers among FIT screenees compared to that of the
left-sided cancers (12.4 versus 60.0 ug Hb/g; p < 0.001) [20].

Regarding a higher risk of being a FIT-IC for tumours in the rectum
compared to the left side location, erythrocytes in blood released
from rectum lesions may not have been sufficiently haemolysed
during a short passage through the rectum, and therefore do not
yield a positive result to a FIT [13, 37]. In the same study by Selby et al.
the faecal haemoglobin level of the rectal cancers was also
significantly lower than that of the left-sided cancers (244 versus
60.0 ug Hb/g, p <0.001) [20]. Another possible explanation is that
rectal bleeding more often presents with bright red blood in faeces,
which is easier to notice. Screening participants generally have a
heightened awareness of signs of blood in their faeces. Once they
notice bright red blood in faeces, they tend to consult with primary
care promptly [22]. It cannot be ruled out that low FIT effectiveness
for tumours in the right colon or rectum may also stem from lesions
that grow more rapidly [41, 42, 45].

Compared to screen-detected CRCs, FIT-ICs exhibited a higher
grade and aggressive histotype (signet ring cell and mucinous
carcinomas) [14]. However, it is still unclear to what degree FIT-ICs
are due to FIT false-negative tests or a faster growth pathway of
high-grade and aggressive histotype tumours. A recent study by
Steel et al. reported a mean time of 10.9+2.9 months from FIT
screening to diagnoses of all ICs and 11.6+7.2 months from FIT
screening to diagnoses of high-grade and aggressive histotype ICs
[14]. The more advanced stage of FIT-ICs compared to screen-
detected CRCs might be because FIT is known to be less sensitive for
flat, right-sided and poorly or undifferentiated lesions, [14, 46-48]
tumours with these characteristics may be missed more often by FIT.
Once these tumours are detected later on when symptoms appear,
they are already at an advanced stage. A proportion of these ICs
may also originate from tumours with more aggressive character-
istics and worse behaviour, which actually arose after a true negative
FIT [14, 15]. Our findings reinforce the current advice to screening
participants not to regard a negative FIT result as a “certificate of
health”. Instead, they need to be vigilant and seek primary care
promptly when any signs or symptoms appear [22, 49, 50].

To reduce FIT-ICs, previous studies have also suggested
personalising FIT cut-offs, for example, using a lower cut-off in
the subgroups with a lower FIT sensitivity such as women and
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older people [13, 21-23]. However, our data showed that in
Flanders, lowering FIT cut-off from 15 to 10 ug Hb/g would only
have a limited impact on reducing FIT-ICs since more than 83% of
FIT-ICs had a low FIT result of <10 ug Hb/g across genders, age
groups, tumour locations and stages. Although the FIT test used in
the Flemish screening programme could theoretically detect up to
3 pug Hb/g faeces, the quantitative results between 3-10 pg Hb/g
were considered (quantitatively) unreliable due to large devia-
tions. Therefore, lowering FIT cut-off to below 10 pug Hb/g would
not be a suitable option for the test used. Prior research has
reported around 75% of FIT-ICs with a low level of haemoglobin
(<10 pg Hb/g) and 19.4-44% with an undetectable level (0 ug Hb/
g) [11-13]. This implies that the majority of FIT-ICs would still be
missed even with a drastic reduction in the FIT cut-off.

Gender-specific cut-offs have also been introduced/piloted in
several screening programmes, for example, 40 ug Hb/g for women
and 80 pg Hb/g for men in Sweden [24, 25]; or 25 pg Hg/g for women
and 70 pg Hg/g for men in Finland [26]. In Flanders, a much lower FIT
cut-off of 15ugHg/g has already been applied for all screening
individuals. Our results suggest that 15 pg Hg/g should be the lowest
FIT cut-off that a CRC screening programme should aim for, regardless
of the patient’s gender and age. This recommendation is supported
by a recent study by Vanaclocha-Espi et al. which found the optimal
FIT cut-off of around 15 pug Hg/g for the subgroup of women aged
60-69, which had the lowest FIT sensitivity among the subgroups
evaluated (women and men, aged 50-59 and 60-69) [51].

Many studies have also highlighted a substantial increase in
colonoscopy demand for only a marginal gain in sensitivity by
lowering FIT cut-off [13, 20, 52]. For example, the Scottish Bowel
Screening Programme reported that halving the FIT cut-off in their
programme from 80 pg Hb/g to 40 pg Hb/g faeces would reduce
the FIT-IC proportion from 50.8 to 45.9%, but would increase the
number of colonoscopies required by 58.6% [13]. An American
screening programme predicted that lowering the FIT cut-off in
their programme from 20 pug Hb/g to 10 pg Hb/g would increase
the programme’s sensitivity by only 3% (from 76.3 to 79.3%) while
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increasing the number of positive results per one cancer case
detected from 52 to 85 [20].

In agreement with Giorgi Rossi et al. [18], we also observed more
FIT-ICs in the second year than the first year of the 2-year screening
interval (60% of all ICs). The difference in the number of FIT-ICs
between the second and the first year was 310 cases. It seems, at first
glance, that shortening the FIT screening interval from 2 to 1 year
during the study period might have helped to reduce this number of
FIT-ICs [21]. However, 89% of FIT-ICs in the second year were found to
have a low FIT result at screening of <10 ug Hb/g, suggesting that the
majority of ICs would still be missed even when the screening interval
was shortened to 1 year. One might also argue that the FIT results
were obtained at the time of screening and as tumours progressed
between the first and second year, FIT results might get higher and
reach the positive cut-off. The proportion of such tumours seemed to
be modest since our data showed that 83-92% of FIT-ICs across all
tumour stages had a low FIT result of <10ugHb/g. Thus, in the
programmes where a low FIT cut-off of 15 pug Hb/g is implemented,
shortening screening interval from 2 to 1 year seems to produce only
a marginal impact on reducing FIT-ICs.

Meanwhile, a CRC screening programme should also consider the
impact of screening interval on screen-detected CRCs and the related
costs. Specifically, when the screening interval of a 2-year programme
was shortened to 1 year, the number of prevalent cases detected
among individuals entering the screening programme for the first
time would be almost similar (same population and same target
screening ages). The main difference is that after the first screening
round, the population would repeat screening right the next year in
the 1-year programme, instead of waiting for 2 years in the 2-year
programme. A proportion of the screen-detected incident CRCs in the
2-year programme would be diagnosed 1 year earlier in the 1-year
programme. This, however, comes at the cost of having the whole
screening population undergo FIT every year instead of every 2 years
(Flanders: ~850,000 individuals in 2020) [28], meaning doubling the
entire process of screening invitation, FIT provision, result analyses
and follow-up with colonoscopy after a positive FIT.
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With data from a population-based screening programme of
the largest region in Belgium, which used a FIT cut-off within the
common range of 10-20 ug Hb/g, our results can be widely
generalised to other CRC screening programmes. The large
sample size allowed us to stratify our results by multiple
participants’ and tumours’ characteristics.

Several limitations need to be acknowledged. Firstly, since data on
both FIT participation and cancers were retrieved between October
2013 and December 2018, data on screen-detected CRCs and FIT-ICs
following FITs taken in the latest years (2017-2018) might be
incomplete, resulting in an underestimation of both screen-detected
CRC and FIT-ICs, with an expected larger extent for FIT-ICs. As a result,
FIT-IC proportion might be underestimated, especially for the latest
screening years. Secondly, the administrative data used in this study
contained sizable proportions of tumours with unknown location,
stage or differentiation grade. Future research can benefit from
using pathology reports to supplement missing or non-specific
information. Lastly, data on molecular characteristics of tumours are
lacking in the current study. We plan to analyse pathology reports to
study the difference in molecular characteristics between screen-
detected CRCs and FIT-ICs, especially those at an advanced stage, in
the next step.

CONCLUSIONS

We identified several factors associated with a higher risk of having a
FIT-IC versus a screen-detected CRC, including female gender, older
age, right side and rectum locations, advanced stage and high grade.
Our findings suggest that 15 ug Hg/g should be the lowest FIT cut-off
(OC-sensor) that one CRC screening programme should go for,
regardless of individuals’ characteristics. In the Flemish CRC screening
programme where a low FIT cut-off (15ugHg/g) is implemented,
shortening the screening interval from 2 years to 1 year is likely to
have only a marginal impact on reducing FIT-ICs. With the current
screening strategy, cancers may still appear after a negative FIT, often
at a more advanced stage and with a higher grade compared to
screen-detected CRGs. It is important to empower and inform the
target population that despite a negative FIT result, they should
carefully monitor the symptoms of CRC and visit their GPs when
symptoms appear.
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