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BACKGROUND: This study aimed to evaluate the effectiveness of a biennial faecal immunochemical test (FIT) screening
programme in reducing annual colorectal cancer (CRC) incidence in its dynamic target population.
METHODS: The target population included over 1,000,000 persons aged 50–69 living in a region of northern Italy. The average
annual response rate to invitation was 51.4%. Each observed annual age-standardised (Europe) rate per 100,000 persons between
2005, the year of introduction of the programme, and 2016 was compared with each expected annual rate as estimated with age-
period-cohort (men) and age-period (women) models.
RESULTS: For both sexes, the rates observed in 1997–2004 and those expected in 2005–2016 were stable. Observed rates increased
in 2005, peaked in 2006 (the first full year of screening), dropped significantly below the expected level in 2009, and continued to
decrease until 2013 (the eighth full year), after which no further significant changes occurred. In the pooled years 2013–2016, the
observed incidence rate per 100,000 persons was 102.2 [95% CI: 97.4, 107.1] for men, 75.6 [95% CI: 71.6, 79.7] for women and 88.4
[95% CI: 85.3, 91.5] for both sexes combined, with an observed:expected incidence rate ratio of 0.68 [95% CI: 0.65, 0.71], 0.79 [95%
CI: 0.76, 0.82] and 0.72 [95% CI: 0.66, 0.81], respectively.
DISCUSSION: The study provided multiple consistent proofs of a causal relationship between the introduction of screening and a
stable 28% decrease in annual CRC incidence after eight years.

British Journal of Cancer (2022) 127:541–548; https://doi.org/10.1038/s41416-022-01813-7

INTRODUCTION
The adenoma-carcinoma sequence is the pathway by which most
colorectal cancers (CRCs) arise and provides the strongest
rationale for screening for the disease [1]. Preventing the
progression of CRC and reducing its incidence contributes to
mortality reduction and is the key factor for the cost-effectiveness
of screening [2, 3]. In the light of the projected constant increase
in expenditure for CRC treatment [3], an impact on incidence will
become an increasingly valuable effect of screening, especially of
public health screening programmes.
Randomised controlled trials and population-based case-control

studies have shown that both sigmoidoscopy and colonoscopy
screening, followed by polypectomy if indicated, reduce the risk of
CRC [4–9]. As regards faecal occult blood test (FOBT) screening,
with the colonoscopic evaluation of subjects who test positive, the
evidence for an impact on CRC incidence relies solely on the results

of the Minnesota trial, in which the guaiac FOBT was used [10].
Other guaiac-based FOBT screening trials have demonstrated a
mortality benefit but not a decrease in the risk of disease [11–14].
Currently, however, major guidelines worldwide recommend

faecal immunochemical tests (FITs) in preference to FOBTs [15, 16].
According to the US Multi-Society Task Force on CRC, for example,
the annual FIT is one of the two cornerstones of CRC screening—
the other being colonoscopy every 10 years [17]. FITs are
analytically more sensitive for CRC and advanced adenoma than
FOBTs [18–20]. Consequently, newer tests are expected to have a
greater effect on CRC incidence [21].
In fact, experimental data to confirm this anticipation are

lacking. There are no controlled trials demonstrating that FITs are
superior to FOBTs or no screening and, based on the knowledge
acquired thus far, it would be no longer ethical to randomise
people to no intervention. To bridge this knowledge gap,
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computer simulation modelling has been increasingly used. Many
such studies have supported the effectiveness of FIT screening in
reducing the risk of CRC [2, 3, 22].
The rationale for the present study was the assumption that

further evidence for the impact of FIT screening can be obtained
with well-designed and well-powered observational studies in the
context of ongoing public health screening programmes. This
type of research has not yet been conducted extensively, but this
is because the implementation of these activities is, in general, of
recent date. Two previous small studies have shown a significant
decrease in CRC incidence by comparing screening participants
with non-participants (per-protocol analysis) [23] and the whole
invited population with a historical control population (intention-
to-screen analysis) [24]. A mid-term cohort study has found a 25%
decrease in CRC rates after the implementation of an organised
approach to screening in a community-based health care delivery
system, but colonoscopy was used as a screening test in almost an
equal proportion of people as FIT [25].
More consistent evidence for the impact of FIT screening on

CRC incidence has been reported by a recently published cohort
study comparing attenders with non-attenders (per-protocol
analysis) to a screening programme that has been ongoing since
2005 in the Emilia-Romagna Region (northern Italy) for a dynamic
resident population of over 1,000,000 people aged 50–69 years
[26]. Attendance, as compared with non-attendance, was asso-
ciated with a self-selection-adjusted reduction in CRC rates of 33%
among men and 21% among women. The study reported here
evaluates the effects of the same programme using an intention-
to-screen design. Its purpose was to assess the changes in annual
CRC incidence rates in the whole target population over a time
span of 20 years (1997–2016) including 11 full years of screening.

METHODS
Setting
The programme is run by 11 health care district screening units according
to a standard protocol developed at the Department of Health of the
Regional Administration. Every two years, subjects in the target age range
are sent a personal letter inviting them to perform a one-sample FIT
without dietary restrictions (OC-Sensor, Eiken Chemical Co., Tokyo, Japan).
As reported elsewhere [27], the vast majority of FITs are distributed by
public pharmacies and primary care centres. The FITs are analysed in the
laboratories of public hospitals under strict internal and external quality
assurance procedures. The haemoglobin concentration cut-off is ≥20 μg
Hb/g faeces.
Negative FIT results are notified by mail. Subjects who test positive are

contacted in person by telephone and invited to attend the screening
centres, where they are referred for a complete colonoscopy under
sedation. Colonoscopies are performed in public hospitals by qualified
gastroenterologists. In the case of an incomplete colonoscopy, a computed
tomographic colonography is performed. Subjects with screen-detected
neoplasms are referred for endoscopic or surgical treatment. Subsequent
follow-up is delivered in the clinical setting according to a standard
protocol. Subjects with positive FIT results and negative colonoscopy are
reinvited to FIT screening five years later. A dedicated colonoscopic
screening programme for subjects with a family history of CRC, nested in
the FIT screening programme, has been discontinued in 2013 [28].
The year 2005 was only partially covered by the programme. The first

round was completed by 2007, in approximately two years. Supplementary
Table S1 shows a set of average annual performance measures of the
screening process between 2005 and 2016, calculated for three arbitrary
4-year periods. The major quality indicators established by the Italian
Group for Colorectal Cancer Screening are included [29]. The 12-year
average annual proportion of subjects responding to the invitation was
51.4%. Previous studies have analysed the results of the screening
programme among compliant participants [30], and the proportional
incidence of interval CRC among subjects testing negative on FIT [31].

Objectives
In this article, we report an intention-to-screen analysis aimed to: (i)
identify significant changes in CRC incidence in the dynamic target

population and assess their temporal correlation with the introduction of
the screening programme; (ii) estimate the annual incidence rates that
would be expected in the absence of screening; (iii) compare the observed
annual incidence rates with those expected; (iv) estimate the annual and
cumulative screening-attributable number of prevented CRC cases and (v)
estimate the annual rate of prevented CRC cases per 100,000 persons in
the target population, that is, invited to the screening programme.

Data
Invasive CRC (International Classification of Diseases-10th Revision code
C18-C21) incidence data for the years 1997–2016 were obtained from the
seven accredited general cancer registries that cover the 11 health care
districts of the Emilia-Romagna Region. Two districts were covered by
cancer registration only from 2005 to 2016. For the years 1997–2004, their
populations were both excluded from the denominators of incidence rates.
The resident population data were obtained from the Regional Adminis-
tration, which collects annually the original information from all
municipalities.

Statistical methods
All observed and expected annual CRC incidence rates were age-
standardised by 5-year age groups using the European standard
population.
For the estimate of the expected incidence in the absence of screening,

we used standard methods [32, 33]. For both sexes, we used an age-
period-cohort (APC) modelling approach [34, 35] to explore the trend in
CRC incidence in the years 1997–2016 by age group, time period and birth
cohort, and to disentangle the effect of each of these factors. The analysis
was carried out on a Lexis diagram based on 2-year time periods and
2-year age groups. We calculated the expected incidence rates using the
data for all time periods before and after the introduction of the screening
programme. We assumed that the screening programme may produce
only a short-term non-linear period effect. Specifically, we calculated the
expected incidence rates from the APC model output under the hypothesis
of no screening effect, i.e. setting the values of parameters of the non-
linear period effect to zero. The expected incidence represents the
counterfactual scenario to be compared with the observed incidence
during the years of operation of the screening programme.
Observed annual CRC incidence rates were compared with those

expected with the calculation of their ratio (incidence rate ratio, IRR) with
bootstrap-estimated 95% confidence interval (CI).
In order to obtain an absolute measure of the impact of the screening

programme on CRC incidence [36], we calculated the annual age-
standardised rate of prevented CRC cases, defined as the difference
between the expected number and the observed number per 100,000
persons in the target population, with bootstrap-estimated 95% CI. This
measure is the annual rate of CRC cases that are no longer observed in the
target population thanks to the detection and removal of colorectal
adenomas at the level of participation observed.
A sensitivity analysis was done in order to understand how the partial

change in the population basis of the study occurring in 2005, with the
inclusion of two health care districts previously uncovered by cancer
registration (see the Data section), might affect the results. The APC
modelling as well as the estimate of the expected incidence, of the IRRs,
and of the annual and cumulative numbers of prevented CRC cases were
replicated after the complete exclusion of the two areas from the study.
Data analysis was performed using STATA version 15.1 (Stata Corpora-

tion, College Station, TX).

RESULTS
On 1 January 2005, the target population included 501,826 men
and 535,706 women, for a total of 1,037,532. Supplementary
Table S2 shows the annual target population and the annual
number of registered CRC cases over the 20 years of the study, by
sex. The total number of CRC cases was 21,130 (men, n= 12,389;
women, n= 8741). The proportion of death-certificate-only CRC
cases was 0.1%.
The annual age-standardised rates that would be expected in

the absence of screening were estimated using the APC modelling
analysis. As shown in Table 1, the best-fitting model was an APC
model for men and an age-period model for women. A highly
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significant test for interaction between sex and cohort effect (P <
0.001) indicated that the cohort effect differed between men and
women. The models enabled identifying net changes in CRC
incidence that occurred in temporal correlation with the
introduction of the screening programme, assuming that a non-
linear change in the period effect could be attributed to this.
Further details of the modelling analysis are shown in Supple-
mentary Table S3.
Also shown in Supplementary Table S2 are the observed annual

age-standardised CRC incidence rates from 2005 to 2016 as well as
those expected in the absence of screening. Both series of rates
are plotted, for each sex, in Fig. 1. With respect to time trends in
observed incidence, the curves were almost parallel between men
(Fig. 1a) and women (Fig. 1b). In descriptive terms, the rates were
fairly stable between 1997 and 2004. After an appreciable increase
in 2005, a peak was observed in 2006 (the first full year of
screening), followed by a deep decrease until 2013 (the eighth full
year). It must be noted that in the years 2014–2016, when only
minor changes occurred, the rates observed among men were
nearly the same as the rates experienced by women before the
screening programme was introduced. With respect to expected
incidence rates between 2005 and 2016, they confirmed the
stable trend observed before 2005, with an estimated average rate
of 150.5 [95% CI: 145.4, 155.7] for men and 95.9 [95% CI: 92.5, 99.2]
for women.
Table 2 shows the formal comparison between the observed

rates and the expected ones. The observed incidence dropped
significantly below the expected level in 2009 (the fifth year of
screening, fourth full year) both for men and women, with an IRR
of 0.88 and 0.93, respectively. The decreasing trend continued
until 2013 (the eighth full year). In the subsequent years, no
further significant changes occurred. Pooling the years 2013
through 2016, the IRR was 0.68 [95% CI: 0.65, 0.71] among men
and 0.79 [95% CI: 0.76, 0.82] among women, for an overall figure
of 0.72 [95% CI: 0.66, 0.81], equivalent to a decrease of 28%.
In Table 2, the estimated annual number and the cumulative

number of prevented CRC cases are also shown. The initial excess
incidence caused the annual number to be negative until 2007 for
men and 2008 for women. The cumulative number became
positive in 2013 (the eighth full year) for men and in 2016 (the
11th full year) for women. From 2013 to 2016, when the incidence
stabilised, the average annual number of CRC cases prevented by
screening was 208 among men and 92 among women. In the first
12 years of operation, cumulatively and pooling men and women,
the screening programme prevented exactly 800 CRC cases.

Table 3 shows the annual age-standardised rate of prevented
CRC cases per 100,000 persons in the target population. In 2016,
the rate was 52.8 per 100,000 men and 18.9 per 100,000 women.
For sensitivity analysis purposes, all of the above estimates were

replicated after exclusion of the two health care districts
uncovered by cancer registration until 2004, which accounted
for a total population of 282,051 in 2005 and a total 2297 CRC
cases. The results of the APC modelling are shown in Supple-
mentary Table S4. An APC model for men and an age-period
model for women were confirmed to be the best-fitting models.
The comparison between the observed rates and the expected
ones and the estimated annual and cumulative numbers of
prevented CRC cases are shown in Supplementary Table S5.
Virtually no changes versus the original analysis were found. In the
pooled years 2013–2016, the IRR was 0.68 [95% CI: 0.65, 0.71] for
men, 0.78 [95% CI: 0.76, 0.81] for women and 0.72 [95% CI: 0.65,
0.81] for both sexes combined. In the first 12 years, the number of
CRC cases prevented by the screening programme increased
moderately to 901 (both sexes combined).

DISCUSSION
This study explored the effects of a FIT screening programme on
annual CRC incidence rates in its dynamic target population. The
main findings were that: (i) the decrease in annual rates became
significant during the 4th full year of operation; (ii) it continued for
both sexes until the eighth year and then roughly stabilised; (iii) in
the last four study years the overall IRR for both sexes combined
was 0.72; (iv) in each of the same four years the programme
prevented an average annual number of 208 CRC cases among
men and 92 among women, which were equivalent to about 53
cases every 100,000 men invited to screening and 19 cases every
100,000 women invited to screening and (vi) in the first 12 years of
the programme the cumulative number of prevented CRC cases
was 800. Another interesting outcome was that the rates observed
among men in the years 2014–2016, when only minor incidence
changes occurred, were nearly the same as those seen among
women before the introduction of the programme.
With respect to the latency time of the preventive effect, we

started to observe significant incidence changes in 2009, that is,
the 4th full year of screening. In once-only sigmoidoscopy trials,
the latency time of the effect on distal CRC was longer, as a
decrease in cumulative incidence was discernible only after 5–6
years since randomisation [6, 8, 9]. This difference depends mainly
on the fact that the cumulative rate in a cohort study includes the
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cancer incidence rates per 100,000 persons aged 50–69 years in 1997–2016 (bold line) and the curve of rates that would be expected in
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initial prevalence peak. The cumulative incidence provides a
measure of the overall risk of disease. Annual rates, conversely, are
more informative of the public health impact of screening (in
particular, of the annual CRC surgery workload) and of research
issues (in particular, the lead time on prevented CRC cases).
As specifically regards the lead time, the second key finding of

this study was that the incidence decrease continued until the
eighth full year of screening. As suggested by studies of cervical
cancer screening [32, 33], the rates were expected to decrease for
a time span that is an approximate measure of the lead time of
CRC cases prevented by the detection and treatment of
precancerous lesions. The temporal duration of the adenoma-
carcinoma sequence and, thus, the potential lead time of
prevented CRC cases are 10–15 years in most instances [37].
Given the low sensitivity of FIT for initial adenomas [38], however,
lead times of this length are unlikely to be generated to a
significant extent. This explains why incidence rates in this study
stabilised within less than 10 years of screening.
The third, and most important, finding of this study was that the

screening programme was associated with an overall 28%
decrease in annual CRC incidence. The rate decreased more
rapidly for men and the magnitude of the impact in the last study
years was greater, that is, 32% versus 21%. For women, a longer
latency time is compatible with a lower growth rate of the disease.
Preclinical studies have suggested a protective role for estrogens
both in the initiation and in the progression of CRC [39], although
their role remains controversial. With respect to the final impact
on incidence, the observed between-sex difference is in accor-
dance with the results of a previous study—from the same
screening programme—on the proportional incidence of interval
CRC, i.e. the age-standardised ratio between the observed
incidence in a cohort of men and women with negative FIT result
and the incidence that would be expected in the absence of
screening (estimated with APC models) [31]. We found figures of
0.06 among men and 0.17 among women in the first interval year
and, respectively, 0.21 and 0.28 in the second year, indicating that
repeated FIT screening is less sensitive for adenoma and early

Table 2. Ratio between the observed annual colorectal cancer incidence rates per 100,000 persons aged 50–69 years in 2005–2016 and the rates that
would be expected in the absence of the organised FIT screening programme, and annual and cumulative number of prevented colorectal cancer
cases, by sex.

Yeara Men Women

Incidence rate
ratio [95% CI]

Annual number
prevented

Cumulative number
prevented

Incidence rate
ratio [95% CI]

Annual number
prevented

Cumulative number
prevented

2005 1.11 [1.06, 1.16] −91 −91 1.18 [1.13, 1.22] −97 −97

2006 1.52 [1.46, 1.59] −427 −518 1.45 [1.40, 1.51] −249 −346

2007 1.20 [1.15, 1.25] −163 −681 1.11 [1.07, 1.15] −62 −408

2008 0.97 [0.93, 1.01] 21 −660 1.16 [1.12, 1.20] −70 −478

2009 0.88 [0.85, 0.92] 77 −583 0.93 [0.89, 0.96] 32 −446

2010 0.78 [0.75, 0.81] 146 −437 0.94 [0.90, 0.97] 28 −418

2011 0.80 [0.76, 0.83] 137 −300 0.91 [0.88, 0.94] 41 −377

2012 0.73 [0.70, 0.76] 185 −115 0.80 [0.77, 0.83] 90 −287

2013 0.70 [0.67, 0.73] 204 89 0.77 [0.74, 0.80] 108 −179

2014 0.71 [0.68, 0.74] 179 268 0.74 [0.71, 0.77] 108 −71

2015 0.65 [0.62, 0.68] 220 488 0.84 [0.81, 0.87] 69 −2

2016 0.65 [0.62, 0.67] 229 717 0.81 [0.78, 0.84] 85 83

Emilia-Romagna Region, Italy, 2005–2016.
FIT faecal immunochemical test, CI (bootstrap-estimated) confidence interval.
a2005 was the year of introduction of the screening programme. 2006 was the first full year of screening. The annual incidence rates that would be expected in
2005–2016 in the absence of screening were estimated by analysing the observed annual rates in 1997–2016 with an age-period-cohort model for men and an
age-period model for women, i.e. the models providing the best fit to the observed rates. In both models, the values of parameters of the non-linear period
effect were set to zero. All rates were age-standardised using the European standard population.

Table 3. Annual screening-attributable rate of prevented colorectal
cancer cases defined as the difference between the expected number
and the observed number per 100,000 persons aged 50–69 years in
the target population of the organised FIT screening programme,
by sex.

Yeara Annual screening-attributable rate of prevented
colorectal cancer cases [95% CI]

Men Women

2005 −16.4 [−22.4, −9.9] −13.9 [−17.4, −10.3]

2006 −76.1 [−82.1, −69.6] −42.9 [−46.4, −39.3]

2007 −31.3 [−37.3, −24.8] −11.4 [−14.9, −7.8]

2008 3.1 [−2.8, 9.7] −15.3 [−18.8, −11.7]

2009 16.9 [10.9, 23.4] 6.0 [2.5, 9.6]

2010 32.6 [26.6, 39.1] 5.9 [2.4, 9.5]

2011 31.5 [25.5, 38.0] 8.5 [5.0, 12.1]

2012 40.5 [34.5, 47.0] 18.8 [15.3, 22.4]

2013 45.4 [39.5, 51.9] 22.0 [18.5, 25.6]

2014 42.9 [36.9, 49.4] 24.5 [21.0, 28.1]

2015 51.7 [45.8, 58.3] 15.0 [11.5, 18.6]

2016 52.8 [46.8, 59.3] 18.9 [15.4, 22.5]

Emilia-Romagna Region, Italy, 2005–2016.
FIT faecal immunochemical test, CI (bootstrap-estimated) confidence
interval.
a2005 was the year of introduction of the screening programme. 2006 was
the first full year of screening. The expected number is the number of
incident colorectal cancer cases that would be expected between 2005
and 2016 in the absence of screening, estimated by analysing the observed
annual rates in 1997–2016 with an age-period-cohort model for men and
an age-period model for women, i.e. the models providing the best fit to
the observed rates. In both models, the values of parameters of the non-
linear period effect were set to zero. All rates were age-standardised using
the European standard population.
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invasive CRC in the female population. In absolute terms, however,
the level of sensitivity of FIT is considered high in both sexes [40].
To further characterise the impact of the screening programme

on CRC incidence, we calculated the annual rate of prevented CRC
cases per 100,000 persons in the target population (that is, the
invited population) [36]. This measure indicates the annual rate of
CRC cases that are no longer diagnosed nor treated as a result of
the detection and removal of colorectal adenomas. If compared, in
particular, with the annual incidence rates of some common
malignancies, it may provide a straightforward quantification of
the preventive effect of the programme at the public health level.
For example, the figure observed in the male target population in
2016, i.e. 52.8 per 100,000, was nearly equal to the whole annual
age-standardised (European standard population) incidence rate
of cutaneous malignant melanoma in the same population and in
the same year, i.e. 50.1 per 100,000 (this rate was calculated using
data from the local Romagna Cancer Registry).
The findings of the present intention-to-screen study are in

keeping with a recently published cohort study from the same
screening programme [26]. Comparing attenders with non-
attenders, the CRC incidence at 11 years of follow-up was 33%
lower among men and 21% lower among women. Both estimates
were self-selection-adjusted. The consistency of their results,
which are based on different designs, provides confidence in
the robustness of the conclusions of both studies. Comparisons
with other previous observational studies, conversely, should be
made with caution. In a registry-based study with a design similar
to ours but with a shorter time period of observation and much
lower statistical power, no apparent effect was found [41]. In two
studies of limited size, the decrease in cumulative CRC rate was
22% among screening participants relative to non-participants
[23] and 10% in the invited population relative to a historical
control population [24]. Again, the latter modest result can be
explained by a short duration of follow-up.
In their simulation model study, Lew et al. estimated the effects

of the biennial Australian National Bowel Cancer Screening
Programme (NBCSP) on a population of people invited between
50 and 74 years of age according to different assumptions as to
the participation rate [2]. The programme was fully rolled-out in as
many as 15 years (2006–2020). The simulation model covered the
years 2015–2040. Based on our findings as well as literature data
on other screening models [32, 33, 42, 43], the effects of the
NBCSP on CRC incidence during 2015–2040 are expected to reach
the steady-state rapidly and then stabilise. By implication, the
incidence reduction estimated by Lew et al. is fairly comparable
with our estimate of the decrease in annual CRC incidence rates
after eight full years of operation. With a participation rate of 40%
and 60%, according to the Australian study, the NBCSP is expected
to reduce CRC incidence by 23% and, respectively, 33% [2]. Our
figures, i.e. a participation rate of ~50% and an incidence
reduction of 28%, are intermediate between these estimates
and—consequently—quite consistent with them.
Our results also corroborate those of a previous Italian national

incidence study covering 48 local population subsets for a total of 36
millions [44]. In the age range 50–69 years, CRC rates over the last
two decades showed a significant increase in both sexes until
2006–2007, a significant decrease until 2010, and a stabilisation
thereafter. This 3-phase incidence pattern—similar to the one seen in
our data—was interpreted by the authors to mirror the effect of the
introduction of several local FIT screening programmes. It must be
noted, however, that the previous study covered a little more than a
decade of observation and simply described time trends in incidence.
It did not establish a formal temporal correlation between these and
the introduction of local screening programmes, which were started
in different years and had different paces of implementation and
varying participation rates, nor did it attempt to measure the
decrease in CRC incidence observed in 2010 and after. Consequently,
our results add substantial information to previous ones.

Some methodological issues of this study deserve mentioning.
First, a temporal correlation does not formally prove a causal link.
In our data, however, there are multiple consistent circumstantial
evidences for a cause-effect relationship between the introduction
of screening and the observed decrease in CRC incidence, namely:
(i) before the introduction of the programme, CRC rates were
stable, which provided the ideal conditions for the relationship to
be assessed; (ii) the time lag between the two events was very
short thanks to the fact that the target population was rapidly
saturated by invitations—a key issue of temporal correlation
studies between screening and incidence changes [45]; (iii) the
incidence changes followed the same temporal pattern in both
sexes but were more pronounced in the male population, in
accordance with the local study on the sensitivity of FIT by sex
[31]; (iv) the atypical shape of incidence curves, with a pronounced
and transient peak immediately followed by a deep drop, was not
compatible with changes in exposure to risk factors for CRC and
(v) the APC modelling analysis showed incidence changes
occurring after 2005 that might be related to an intervening
external factor [35]. For these facts, we do not see a comprehen-
sive explanation other than the introduction of the screening
programme in 2005.
Second, incidence estimates are prone to biases. The APC

modelling, however, is considered the reference method for
estimating the incidence rates that would be expected in the
absence of a screening activity, that is, the true incidence rates
underlying the observed rates that are distorted [32, 33]. A mention
should be made of the fact that the best-fitting models were an APC
model for men and an age-period model for women. The absence
of a significant cohort effect among women might well be due to
the smaller numbers. However, partial differences in the aetiology of
CRC and in the level of exposure to risk factors cannot be excluded.
It appears that this finding merits further consideration.
Third, the intention-to-screen approach allows to estimate the

impact of a screening programme on the whole invited
population, whatever the extent to which it was actually and
successfully screened, but underestimates the magnitude of the
effect that occurs among the participants. On the other hand,
applying the intention-to-screen principle yields an unbiased and
more accurate estimate of the effectiveness of the intervention
under real-world conditions.
Fourth, two health care districts of the study area were covered

by cancer registration only from 2005 to 2016. For the years
1997–2004, their populations were excluded from the calculation
of incidence rates. A sensitivity analysis was done in order to
determine the extent to which the partial modification of the
population basis of the study in 2005 might affect the results.
Virtually no changes in the IRRs were observed after the complete
exclusion of the two areas from the analysis.
As a related problem, the completeness of CRC registration in

the study area is not absolute. It must be considered, however,
that the death-certificate-only index decreases gradually over the
years [46], and that the registries participating in this study had
been operating for a period ranging from 6 to 19 years before
1997. This explains why the proportion of death-certificate-only
CRC cases in the study dataset was as low as 0.1%, which is
equivalent to saying that the related potential biases in incidence
trends were less than marginal.
The last methodological issue to be highlighted is that some

caution is required in extrapolating our results to a screening
population with different characteristics, especially with respect to
age distribution and prevalence of disease, and to a different faecal
haemoglobin concentration cut-off value. A German study, for
example, showed that lowering the cut-off from ≥20 μg Hb/g faeces
to ≥9 μg Hb/g faeces may increase the sensitivity for advanced
colorectal neoplasms from ~34 to 49%, although this would be
achieved at the expense of a doubling of FIT positivity rate, from 8
to 16% and a substantial loss in specificity, from 96 to 89% [47].
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In conclusion, this study provided multiple circumstantial but
consistent proofs of a causal relationship between the introduc-
tion of a public health FIT screening programme and a stable 28%
overall decrease in annual CRC incidence rates after eight full
years of operation. The demonstration of this effect on incidence
reinforces the rationale of ongoing and future programmes.

DATA AVAILABILITY
The data used in this study are available from the corresponding author upon
reasonable request.
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