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This cohort study compared colorectal cancer (CRC) incidence and mortality between people
who participated in an Italian regional biennial fecal immunochemical test (FIT) screening
program and people who did not.
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METHODS:
Descargado para Lucia A
2022. Para uso persona
The program started in 2005. The target population included over 1,000,000 people aged 50 to
69 years. The FIT was a one-sample OC-Sensor (Eiken Chemical Co, Tokyo, Japan) (cutoff, ‡20
mg hemoglobin/g feces). The average annual response rate to invitation was 51.4%. The records
of people invited up to June 2016 were extracted from the screening data warehouse. Attenders
were subjects who responded to the first 2 invitations or to the single invitation sent them
before they became ineligible. Non-attenders were subjects who did not respond to any of these
invitations. The records were linked with the regional CRC registry. People registered up to
December 2016 were identified. Self-selection-adjusted incidence rate ratios (IRRs) and
incidence-based CRC mortality rate ratios (MRRs) for attenders to non-attenders, with 95%
confidence intervals (CIs), were calculated.
RESULTS:
 The cohort generated 2,622,131 man-years and 2,887,845 woman-years at risk with 4490 and
3309 CRC cases, respectively. The cohort of attenders was associated with an IRR of 0.65 (95%
CI, 0.61–0.69) for men, 0.75 (95% CI, 0.70–0.80) for women and 0.69 (95% CI, 0.66–0.72) for
both sexes combined. The self-selection-adjusted IRR was 0.67 (95% CI, 0.62–0.72) for men and
0.79 (95% CI, 0.72–0.88) for women. The IRR for stage I, II, III, and IV CRC was 1.35 (95% CI,
1.20–1.50), 0.61 (95% CI, 0.53–0.69), 0.60 (95% CI, 0.53–0.68) and 0.28 (95% CI, 0.24–0.32) for
men and 1.64 (95% CI, 1.43–1.89), 0.60 (95% CI, 0.52–0.69), 0.73 (95% CI, 0.63–0.85) and 0.35
(95% CI, 0.30–0.42) for women. The overall incidence-based CRC MRR was 0.32 (95% CI, 0.28–
0.37) for men, 0.40 (95% CI, 0.34–0.47) for women and 0.35 (95% CI, 0.31–0.39) for both sexes
combined. The adjusted MRR was 0.35 (95% CI, 0.29–0.41) for men and 0.46 (95% CI, 0.37–
0.58) for women.
CONCLUSIONS:
 Attendance to a FIT screening program is associated with a CRC incidence reduction of 33%
among men and 21% among women, and a CRC mortality reduction of 65% and 54%,
respectively.
Keywords: Cohort Study; Colorectal Cancer; Fecal Immunochemical Test; Incidence; Mass Screening.
See editorial on page 2216.

everal tests are available to screen average-risk
Speople for colorectal cancer (CRC). Colonoscopy
and flexible sigmoidoscopy, followed by polypectomy if
indicated, reduce CRC incidence and mortality.1-3 Bien-
nial screening using guaiac-based fecal occult blood tests
(gFOBTs), with colonoscopic evaluation of positive re-
sults, reduces CRC mortality by 9% to 22%.4 In the Min-
nesota trial, gFOBT screening was also associated with a
decrease in CRC incidence,5 which was not observed in
other trials.

Currently, major expert panels recommend fecal
immunochemical tests (FITs) over gFOBTs.6,7 FITs are
more sensitive for detecting advanced adenomas and
CRC and have a comparable or higher level of specificity
because, unlike gFOBTs, are not affected by diet. FITs are
expected to have a greater impact on CRC incidence and
mortality.8 At present, however, evidence for the effec-
tiveness of FIT screening vs no screening in reducing
incidence is limited. Although simulation modeling
studies provided positive results,9,10 randomized trials
are lacking.4 With respect to observational data, a
decrease in incidence was observed only in 2 small
Italian studies.11,12 A large –and positive– cohort study
from the United States included people screened with
FIT and colonoscopy in almost equal proportions.13 In
the One Million Taiwanese Screening Program,14,15 the
effect on total CRC incidence has not been evaluated yet.
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Since 2005, people aged 50 to 69 years who live in
the Emilia-Romagna Region (northern Italy) have been
regularly invited to an organized FIT screening program.
This article reports a cohort study of the effects of
attendance. The primary objective was to compare
overall and sex-, age-, tumor stage- and tumor site-
specific CRC incidence rates between attenders and
non-attenders. The secondary objectives were to
compare (1) overall and sex-, age-, tumor stage- and
tumor site-specific incidence-based CRC mortality rates,
and (2) overall all-cause, non-CRC-related mortality
rates.

Methods

Setting

The program is delivered by 11 health care district
screening units. Every 2 years, eligible people are sent a
personal letter inviting them to perform a 1-sample FIT
without dietary restrictions (OC-Sensor, Eiken Chemical
Co, Tokyo, Japan). The cutoff for test positivity is �20 mg
hemoglobin/g feces.

Negative FIT results are communicated by mail.
Subjects testing positive are offered a complete colo-
noscopy under sedation or, in the case of an incomplete
colonoscopy, a computed tomographic colonography.
Subjects refusing assessment examinations are re-invited
to FIT screening at a 2-year interval.
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 13, 
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What You Need to Know

Background
Observational studies on the effectiveness of fecal
immunochemical test (FIT) as a colorectal cancer
(CRC) screening tool have consistently reported an
effect on mortality while providing unclear evidence
for a decrease in incidence.

Findings
At 11 years of follow-up, this large cohort study from
Italy associated attendance to FIT screening with a
self-selection-adjusted decrease of 33% (men) and
21% (women) in CRC incidence. The effect emerged
sooner and was more pronounced with increasing
tumor stage, and was coupled with a reduction of
65% (men) and 54% (women) in incidence-based
CRC mortality.

Implications for patient care
These results might encourage the adoption of FIT as
a routine CRC screening tool as well as the imple-
mentation of organized FIT screening programs.
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The classification of results of assessment examina-
tions, the management of detected lesions, and the rec-
ommendations for colonoscopic surveillance after
adenoma removal are based on the European guidelines
for quality assurance in CRC screening and diagnosis.16

Subjects with negative assessment examinations are re-
invited to FIT screening at a 5-year interval.

Supplementary Table 1 shows the sex- and test-
specific average annual performance measures in 3
quadrennial time periods. The estimated 12-month
prevalence of people with opportunistic screening FIT
and/or colonoscopy in the target population was 1.4%.
Further information can be found in previously pub-
lished articles.17

Sources of Data

The regional CRC screening data warehouse was used
as the basic source of data for the study.17 The cohort
was followed-up for invasive CRC incidence through re-
cord linkage with the population-based regional CRC
registry.

The study was restricted to 6 health care districts
where record linkage could be done in accordance with
personal data privacy regulations. On January 1, 2005,
the target population living in these areas comprised
255,496 men and 270,875 women.

Eligibility Criteria

Eligible for inclusion were all people who (1) were
living in the above 6 health care districts, (2) had not had
a diagnosis of CRC before the date of their first invitation
to screening, (3) were invited for their first FIT between
2005 and June 30, 2016, (4) were aged 50 to 69 years at
the first invitation, (5) received 2 invitations or, alter-
natively, received 1 invitation and then became ineligible
for the second, and (6) had at least 1 day of follow-up.

The reasons for ineligibility for re-invitation included
positive FIT result with colonoscopy assessment, reach-
ing of the age of 70 years, migration outside the regional
borders, registration of a CRC, death, and end of follow-
up (December 31, 2016)

Definition of Attendance and Non-attendance
to Screening

Attenders were subjects who responded to the first 2
invitations or to the single invitation sent them before
they became ineligible. Non-attenders were subjects who
did not respond to any of these invitations.

Those subjects who responded to 1 invitation of 2
(non-compliant attenders) were excluded because their
definition was inherently associated with a biased tem-
poral distribution of CRC incidence, as is explained in
Supplementary Figure 1.
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Follow-up

Person-years at risk and years of follow-up were
counted from the date of the first invitation to the date of
registration of CRC or the date of censoring (ie, migration
outside the regional borders, death, or end of follow-up).
The follow-up period was coincident with the accrual
period. According to a validated approach,18 follow-up
was truncated at 11 years (the 75th percentile of avail-
able follow-up times).
Composition of the Cohort

The original data set comprised 468,042 men and
495,543 women invited at least once. Of these, 342,281
men and 365,470 women were eligible. The median
follow-up time was 9.5 years. Supplementary Table 2
and Supplementary Table 3 show the characteristics of
the cohort.
Validation of the Definition of Attendance and
Non-attendance

Of the 380,651 subjects who did respond to both of
the first 2 invitations, 243,081 were re-invited from once
to 5 times, and 12,257 (5.0%) did never attend for
screening. Specifically, of subjects invited once (n ¼
68,594), twice (n ¼ 65,134), 3 times (n ¼ 70,377), and 4
times (n ¼ 38,903), 12.3%, 3.3%, 1.7% and 1.3%,
respectively, refused all invitations (the 73 subjects
invited 5 times are omitted here).
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 13, 
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Of the 327,100 subjects who did not respond to the
first 2 invitations, 207,303 were re-invited from once to
5 times, and 16,215 (7.8%) of them responded always.
Specifically, of subjects invited once (n ¼ 56,402), twice
(n ¼ 51,104), 3 times (n ¼ 61,471), and 4 times (n ¼
38,105), 13.2%, 7.4%, 5.0% and 5.1%, respectively, did
always accept the invitation (the 221 subjects invited 5
times are omitted here).

Statistical Methods

Subject age was calculated at the date of the first
invitation. Cumulative age-standardized (2013 European
standard population) CRC incidence rates were calcu-
lated. Comparison of incidence between attenders and
non-attenders was based on the incidence rate ratio
(IRR) with 95% confidence interval (95% CI). The IRRs
were estimated with multivariable Poisson regression
analysis controlling for 5-year age group.

The potential self-selection bias was adjusted for with
an approach derived from Puliti et al.18 The pre-
screening CRC incidence rates were used to calculate
the observed:expected ratio for CRCs among non-
attenders. The expected number was obtained by
multiplying the 8-year pre-screening sex- and 5-year age
group-specific CRC incidence rates by the appropriate
number of person-years in the cohort of non-attenders,
with the sum of expected cancers being obtained with
age-standardization. The self-selection-adjusted IRRs
were calculated by multiplying the unadjusted IRRs by
the observed:expected ratio among non-attenders. The
95% CIs were calculated using a bootstrap procedure. As
a prerequisite for proper use of this method, the inci-
dence rates in the population aged 50 to 69 years before
the implementation of the program followed a stable
trend (Supplementary Figure 2).

Cumulative age-standardized CRC mortality rates
were calculated. Because all people in the cohort had not
had a diagnosis of CRC before the date of their first
invitation, mortality rates were equivalent to incidence-
based mortality rates.

All-cause, non-CRC-related mortality was calculated
according to the following criteria: (1) deaths from CRC
were excluded by censoring follow-up at the date of CRC
diagnosis; (2) subjects with CRC, diagnosed on any date,
who died from causes other than CRC were included; and
(3) deaths from chronic diseases other than CRC were
included irrespective of the date of diagnosis. For
sensitivity analysis purposes, we repeated the estimates
after excluding those subjects who died within 90 days
since the date of the first invitation – a characteristic
supposedly associated with the likelihood of refusal.

Comparisons for CRC mortality and all-cause mor-
tality were performed using the mortality rate ratio
(MRR) with 95% CI. The MRRs were estimated with
multivariable Poisson regression analysis controlling for
5-year age group.
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CRC MRRs were self-selection-adjusted based on the
same approach as the one used for IRRs.

The study was approved by the Ethics Committee at
the Romagna Cancer Institute (ID: IRST100.37).

Results

Characteristics of Incident CRCs

The cohort generated 2,622,131 man-years and
2,887,845 woman-years at risk. In total, 4490 men and
3309 women were diagnosed with CRC. Table 1 shows
their characteristics by pattern of attendance. For both
sexes, the proportion of stage I patients was approxi-
mately 2-fold greater among attenders, and the opposite
occurred for stage IV patients.

Annual and Cumulative CRC Incidence Rates

For attenders of both sexes, the annual CRC incidence
rate peaked in year 1 since the first invitation
(Supplementary Figure 1). Subsequently, the rate fell and
remained below the one observed among non-attenders.

Figure 1 shows that the cumulative rates by year of
follow-up since the first invitation were higher among
attenders for the first 4 to 5 years. Subsequently, the
curves crossed each other and diverged, so that the rate
began to be higher, and increasingly so with time, among
non-attenders.

Figure 2 shows the cumulative rates by year of
follow-up and tumor stage among men. The underlying
annual incidence rates are shown in Supplementary
Table 4, and their curves in Supplementary Figure 3A.
The curves of cumulative rates of stage I CRC were
nearly parallel, indicating that the incidence increase
occurring in year 1 for attenders was a transient one. The
cumulative rate of stage II CRC was higher for attenders
in the years 1 and 2. In year 3, the curves crossed each
other and diverged. For stage III CRC, the temporal
pattern was similar but the curves crossed in year 2.
With respect to stage IV, attenders began to have a lower
incidence in the very first year of follow-up.

The homologous data for women are shown in
Figure 3 (cumulative rates), Supplementary Table 4
(underlying annual rates) and Supplementary
Figure 3B (curves of underlying annual rates). The
rates were lower than among men but the temporal
pattern of cumulative incidence was very similar.

CRC Incidence Rates and Rate Ratios

Table 2 shows the formal comparison of CRC inci-
dence rates. Among men, the overall incidence of CRC
was 35% lower for attenders. These had a 35% excess
incidence of stage I CRC and significant decreases for the
3 higher stage categories, with the difference being more
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 13, 
rización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Table 1. Total Number, Subject Age Distribution, Tumor
Stage Distribution, and Tumor Site Distribution of
CRC Cases Registered Since the First Invitation to
the Emilia-Romagna Region (Northern Italy)
Colorectal Cancer Biennial FIT Screening Program
(Year of Start, 2005), by Sex and Pattern of
Response

CRC cases among
attenders
(n ¼ 3675),

n (%)

CRC cases among
non-attenders
(n ¼ 4124),

n (%)

Sex
Men 1994 (54.3) 2496 (60.5)
Women 1681 (45.7) 1628 (39.5)

Men
Age, y

50–54 354 (17.8) 527 (21.1)
55–59 392 (19.7) 479 (19.2)
60–64 512 (25.7) 625 (25.0)
65–69 736 (36.9) 865 (34.7)

Tumor stagea

I 830 (42.3) 508 (20.7)
II 426 (21.7) 560 (22.8)
III 402 (20.5) 551 (22.4)
IV 224 (11.4) 661 (26.9)
Missing 80 (4.1) 175 (7.1)

Tumor site
Proximal colon 723 (36.3) 750 (30.0)
Distal colon 697 (35.0) 915 (36.7)
Rectum 528 (26.5) 764 (30.6)
Anus 32 (1.6) 41 (1.6)
Site unknownb 14 (0.7) 26 (1.0)

Women
Age, y

50–54 373 (22.2) 405 (24.9)
55–59 361 (21.5) 331 (20.3)
60–64 390 (23.2) 337 (20.7)
65–69 557 (33.1) 555 (34.1)

Tumor stagea

I 657 (40.6) 290 (18.7)
II 335 (20.7) 409 (26.4)
III 361 (22.3) 358 (23.1)
IV 195 (12.0) 400 (25.8)
Missing 71 (4.4) 93 (6.0)

Tumor site
Proximal colon 688 (40.9) 567 (34.8)
Distal colon 575 (34.2) 549 (33.7)
Rectum 343 (20.4) 417 (25.6)
Anus 62 (3.7) 78 (4.8)
Site unknownb 13 (0.8) 17 (1.0)

CRC, colorectal cancer.
aPatients with anal cancer (International Classification of Diseases, 10th
Revision code C21) were excluded.
bInternational Classification of Diseases, 10th Revision code C18.9.
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pronounced with increasing stage. For stage IV CRC, the
IRR was 0.28. Attendance was associated with a
decreased risk of disease irrespective of site, although
the IRR vs non-attendance was 0.78 for proximal colon,
0.62 for distal colon, and 0.57 for the rectum.
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In general, women attending the screening program
experienced smaller CRC incidence changes, but the
pattern was the same as for men. The overall decrease
was 25%. There was a larger excess incidence of stage I
lesions, 64%, and comparable decreases for higher tu-
mor stage categories. The overall IRR for both sexes
combined was 0.69 (95% CI, 0.66�0.72).

A sensitivity analysis was performed by excluding
from non-attenders those subjects (men, n ¼ 164;
women, n ¼ 102) with potentially prevalent CRC who did
not respond to the first invitation and were diagnosed
with the disease during the next 6 months. The IRR
increased to 0.70 (95% CI, 0.66�0.74) among men and
0.80 (95% CI, 0.75�0.86) among women.

The ratio between the cumulative incidence among
attenders and that observed in the whole cohort of
people invited –a measure of the decrease in overall
incidence in the target population– was 0.81 (95% CI,
0.77�0.85) for men, 0.88 (95% CI, 0.83�0.93) for
women.
Adjustment for Self-Selection

The ratio between the number of CRC cases observed
among non-attenders and that expected based on pre-
screening incidence rates was 1.03 (95% CI,
0.99�1.07) for men and 1.06 (95% CI, 1.00�1.11) for
women. By implication, the estimated IRRs suffered from
a self-selection bias of borderline significance. The
overall self-selection-adjusted IRR rose from 0.65 to 0.67
(95% CI, 0.62�0.72) for men, and from 0.75 to 0.79
(95% CI, 0.72�0.88) for women. Given this limited de-
gree of self-selection, adjusted age-, tumor stage-, and
tumor site-specific IRRs are not presented here.
Incidence-based CRC Mortality Rates and Rate
Ratios

Supplementary Figure 4 shows that attenders of both
sexes experienced lower cumulative incidence-based
CRC mortality rates than non-attenders with virtually
no latency time to the divergence of the 2 curves.

Table 3 shows the comparison of incidence-based
cause-specific mortality rates. Among men, the impact
of attendance was more pronounced than the impact on
incidence, with an overall MRR of 0.32. There were
modest age-related differences. The MRR was lower for
stage IV CRC. The effectiveness of FIT screening was
confirmed to be less against the lesions located in the
proximal colon.

For women, the pattern of results was very similar
but with MRRs generally higher. The overall figure was
0.40. The overall MRR for both sexes combined was 0.35
(95% CI, 0.31�0.39). The self-selection-adjusted MRR
rose to 0.35 (95% CI, 0.29�0.41) for men and 0.46 (95%
CI, 0.37�0.58) for women.
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 13, 
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Figure 1. Curve of cumulative age-standardized colorectal cancer (CRC) incidence rates among attenders and non-attenders
to the Emilia-Romagna Region (northern Italy) CRC biennial FIT screening program (year of start, 2005) during 11 years of
follow-up since the first invitation, by sex (A, men; B, women).
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All-cause, non-CRC-related Mortality

All-cause, non-CRC-related MRR was 0.45 (95% CI,
0.44�0.47) for men and 0.43 (95% CI, 0.41�0.44) for
women. After excluding those subjects who died within
90 days since the date of the first invitation (n ¼ 804),
the figure increased to 0.46 (95% CI, 0.45�0.48) and
0.44 (95% CI, 0.42�0.45).
Figure 2. Curve of cumulative age-standardized colorectal ca
attending to the Emilia-Romagna Region (northern Italy) CRC b
years of follow-up since the first invitation, by TNM stage (A, s
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Discussion

The above results can be summarized as follows. The
annual incidence of CRC among attenders peaked in year
1 since the first invitation and, subsequently, remained
always below the rate observed among non-attenders.
The cumulative incidence was higher among attenders
for about 4 to 5 years, after which the rate began to be
ncer (CRC) incidence rates among men attending and non-
iennial FIT screening program (year of start, 2005) during 11
tage I; B, stage II; C, stage III; D, stage IV).

f Health and Social Security de ClinicalKey.es por Elsevier en octubre 13, 
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Figure 3. Curve of cumulative age-standardized colorectal cancer (CRC) incidence rates among women attending and non-
attending to the Emilia-Romagna Region (northern Italy) CRC biennial FIT screening program (year of start, 2005) during 11
years of follow-up since the first invitation, by TNM stage (A, stage I; B, stage II; C, stage III; D, stage IV).
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increasingly lower. The impact on cumulative incidence
had a decreasing latency with increasing tumor stage,
reflecting the shorter lead time of advanced-stage dis-
eases. At 11 years of follow-up, attenders experienced an
overall incidence decrease varying from 33% (men) to
21% (women). The decrease was more pronounced with
increasing tumor stage. The incidence-based CRC mor-
tality dropped by 65% (men) to 54% (women).

In our opinion, interpreting these findings is
straightforward. The peak in annual CRC incidence in
year 1, the rapid decrease occurring soon after, the
similarity between the changes in cumulative incidence
and those reported in some previous studies of varying
design,10,13,19 the perfect overlap between the time
pattern of changes in cumulative incidence and those
observed in sigmoidoscopy trials, with an equal latency
time of 4 to 5 years,1-3 the inverse relationship of these
changes with tumor stage, and the observation that the
reduction in incidence-based CRC mortality followed the
same sex-, age-, tumor stage-, and tumor site-specific
pattern as the reduction in incidence point to the
comprehensive interpretation that these findings are the
consequence of exposure to FIT screening.

With respect to the smaller effect on incidence being
observed among women, we relate it to a lower sensi-
tivity of FIT. This has already been demonstrated in the
Emilia-Romagna Region screening program.17 In the
current study, women also showed a longer latency time
to the incidence decrease, which suggests that the
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average lead time of screen-prevented CRCs is longer. To
explain both findings, a unifying hypothesis is that
women are affected by clinically more indolent ade-
nomas with less common bleeding and slower
progression.

We observed a smaller CRC risk reduction for women
irrespective of tumor site as well as subject age. Thus, we
cannot confirm the results of a pooled analysis of flexible
sigmoidoscopy trials reported by Holme et al.20 In their
data, screening reduced CRC incidence to a similar extent
for men and women in the distal colon but not in the
proximal colon, where there was no effect for older
women.

The finding that the effect on CRC mortality rates was
larger than the effect on incidence was expected.1,10,13 It
clearly indicates that FIT screening prevents deaths both
through the removal of high-risk adenomas and through
effective treatment of earlier screen-detected invasive
CRCs. Equally expected was that the mortality decrease,
unlike the impact on cumulative incidence, had virtually
no latency time. This is because the screening process
brings about an early and transient peak in incidence but
not in mortality.

Our data corroborate the few previous observational
longitudinal studies on the effectiveness of FIT screening
in reducing CRC incidence. Two small Italian studies
showed significant reductions of about 20%.11,12 In
the study by Levin et al, the decrease was estimated
at 25%.13 In the Taiwanese FIT screening program,
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 13, 
rización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Table 2. Age-standardized CRC Incidence Rate for, and
Incidence Rate Ratio Between, Attenders and Non-
attenders to the Emilia-Romagna Region (Northern
Italy) CRC Biennial FIT Screening Program (Year of
Start, 2005) During 11 Years of Follow-up Since the
First Invitation, by Sex, Patient Age, Tumor Stage,
and Tumor Site

Age-standardizeda rate
IRR (95% CI)

for attenders vs
non-attendersbAttenders

Non-
attenders

Sex
Men 156.4 242.2 0.65 (0.61–0.69)
Women 109.3 145.8 0.75 (0.70–0.80)

Men
Age, y

50–54 64.0 91.6 0.70 (0.61–0.80)
55–59 131.5 199.9 0.66 (0.58–0.75)
60–64 191.9 321.5 0.60 (0.53–0.67)
65–69 264.7 397.1 0.67 (0.60–0.74)

Tumor stagec

I 65.0 50.2 1.35 (1.20–1.50)
II 33.9 55.6 0.61 (0.53–0.69)
III 31.2 52.8 0.60 (0.53–0.68)
IV 17.9 64.0 0.28 (0.24–0.32)
Total III–IV 49.1 116.8 0.42 (0.38–0.47)

Tumor sitec

Proximal colon 57.1 73.9 0.78 (0.70–0.86)
Distal colon 55.3 89.7 0.62 (0.56–0.68)
Rectum 40.6 72.4 0.57 (0.51–0.64)

Women
Age, y

50–54 56.7 76.1 0.75 (0.65–0.86)
55–59 98.6 141.9 0.69 (0.60–0.81)
60–64 125.0 164.7 0.76 (0.66–0.88)
65–69 171.6 218.6 0.79 (0.70–0.88)

Tumor stagec

I 43.0 26.3 1.64 (1.43–1.89)
II 22.1 37.0 0.60 (0.52–0.69)
III 23.2 31.8 0.73 (0.63–0.85)
IV 12.7 35.9 0.35 (0.30–0.42)
Total III–IV 35.9 67.7 0.53 (0.48–0.59)

Tumor sitec

Proximal colon 45.3 51.6 0.88 (0.78–0.98)
Distal colon 37.3 47.9 0.76 (0.68–0.86)
Rectum 22.1 38.2 0.60 (0.52–0.69)

Note: Follow-up was truncated at 11 years, representing the 75th percentile of
available follow-up times.
CRC, colorectal cancer; CI, confidence interval; FIT, fecal immunochemical
test; IRR, incidence rate ratio.
aUsing the 2013 European standard population.
bControlling for age at the first invitation.
cPatients with anal cancer (International Classification of Diseases,10th Revi-
sion code C21) were excluded.

Table 3. Age-standardized Incidence-Based CRC Mortality
Rate for, and Mortality Rate Ratio Between,
Attenders and Non-attenders to the Emilia-
Romagna Region (Northern Italy) CRC Biennial FIT
Screening Program (year of start, 2005) During 11
Years of Follow-up Since the First Invitation, by Sex,
Age, Tumor Stage, and Tumor Site

Age-standardizeda

mortality rate (number
of deaths)

MRR (95% CI)
for attenders vs
non-attendersb

Attenders
(n ¼ 469)

Non-attenders
(n ¼ 1038)

Sex
Men 20.3 (257) 63.6 (651) 0.32 (0.28–0.37)
Women 14.0 (212) 35.5 (387) 0.40 (0.34–0.47)

Men
Age, y

50–54 6.2 (34) 21.4 (123) 0.29 (0.20–0.42)
55–59 16.1 (48) 51.2 (123) 0.31 (0.22–0.44)
60–64 22.6 (61) 78.8 (154) 0.29 (0.21–0.39)
65–69 40.7 (114) 115.3 (251) 0.35 (0.28–0.44)

Tumor stagec

I 1.6 (21) 1.5 (14) 1.21 (0.61–2.37)
II 2.1 (27) 4.4 (43) 0.49 (0.30–0.80)
III 5.1 (63) 10.2 (102) 0.49 (0.36–0.67)
IV 10.4 (132) 42.6 (438) 0.24 (0.20–0.30)
Total III–IV 15.4 (195) 52.8 (540) 0.29 (0.25–0.34)

Tumor sitec

Proximal
colon

8.8 (112) 18.3 (184) 0.49 (0.39–0.62)

Distal colon 5.1 (64) 22.2 (227) 0.23 (0.17–0.30)
Rectum 5.8 (74) 20.9 (217) 0.28 (0.21–0.36)

Women
Age, y

50–54 5.3 (35) 14.6 (78) 0.36 (0.24–0.54)
55–59 10.1 (37) 33.9 (79) 0.30 (0.20–0.44)
60–64 14.0 (44) 41.5 (85) 0.34 (0.23–0.49)
65–69 29.6 (96) 57.2 (145) 0.52 (0.40–0.67)

Tumor stagec

I 0.5 (8) 0.3 (3) 1.86 (0.49–7.01)
II 1.3 (19) 3.5 (37) 0.37 (0.21–0.65)
III 3.0 (47) 5.0 (54) 0.64 (0.44–0.95)
IV 7.9 (120) 22.9 (251) 0.35 (0.28–0.43)
Total III-IV 11.0 (167) 27.9 (305) 0.40 (0.33–0.48)

Tumor sitec

Proximal
colon

6.9 (103) 12.4 (134) 0.56 (0.43–0.72)

Distal colon 3.5 (54) 10.6 (118) 0.33 (0.24–0.46)
Rectum 3.1 (48) 10.0 (106) 0.33 (0.23–0.46)

Note: Because none of the people in the cohort had had a diagnosis of CRC
before the date of their first invitation to screening, incidence-based mortality
rates included only those deaths occurring in people already targeted for
screening, with CRC diagnosed after their first invitation. Follow-up was trun-
cated at 11 years for uniformity with the analysis of incidence.
CRC, colorectal cancer; CI, confidence interval; FIT, fecal immunochemical
test; MRR, mortality rate ratio.
aUsing the 2013 European standard population.
bControlling for age at the first invitation.
cPatients with anal cancer (International Classification of Diseases, 10th
Revision code C21) were excluded.
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long-term results have shown a 34% reduction in the
incidence of advanced-stage CRC.15 Total incidence data
have yet to be evaluated.

There are some methodological strengths in this
study. For example, the large sample size enabled us to
perform subgroup analyses. The findings regarding the
magnitude and time pattern of changes in CRC incidence
by tumor stage were particularly illustrative of the
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library o
2022. Para uso personal exclusivamente. No se permiten otros usos sin auto
effects of FIT screening. Another major characteristic of
the design was that the follow-up period was coincident
with the accrual period and, thus, the analysis of
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 13, 
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incidence-based mortality was free of the lead time bias
that arises when follow-up continues after the end of
accrual.21

This study also has limitations needing attention.
First, we classified the pattern of attendance based solely
on the first 2 invitations, but both attenders and non-
attenders were subsequently re-invited from once to 5
times. The degree of mutual contamination between the
2 populations, however, was low. It must also be noted
that the associated misclassifications led to a bias to-
wards the null hypothesis of no difference in CRC inci-
dence between attenders and non-attenders.

Second, attenders were at slightly decreased risk of
CRC compared with the pre-screening population, which
indicates a lower prevalence of risk factors for the dis-
ease. After we accounted for this limited degree of self-
selection, the IRR rose from 0.65 to 0.67 for men and
from 0.75 to 0.79 for women. The method we used to
make allowance for self-selection was proposed by Puliti
et al18 and, albeit comparatively simple, has analogies
with the approach used by Chiu et al.14

Third, we found a considerable difference in all-cause,
non-CRC-related mortality between attenders and non-
attenders. There are 2 aspects to consider. On the one
hand, barriers to participation in CRC screening include
fatalism, low education, low income, poor health infor-
mation and knowledge, and negative attitudes towards
cancer screening.22 On the other hand, non-attenders to
CRC screening are characterized by a higher likelihood of
having overweight, obesity, and type 2 diabetes,23 which
increase the risk of a large spectrum of high-incidence
cancers (particularly of the breast and prostate) and
cardiovascular diseases. The interaction between a pas-
sive health behavior and this epidemiologic pattern
provides an explanation for the difference in non-CRC-
related mortality between attenders and non-attenders.
This observation is important because, for attenders, a
high life expectancy moderates their risk of over-
diagnosis and offers more years of life saved.

And fourth, it remains necessary to evaluate other
major issues of the program. In particular, we have
planned to monitor the adherence to post-colonoscopy
surveillance of subjects diagnosed with advanced ade-
noma,24 and to conduct an intention-to-screen study to
assess the impact on CRC incidence in the whole target
population. As regards the latter, a promising observa-
tion reported here is that the ratio between the cumu-
lative incidence among attenders and that observed in
whole cohort was significantly below the unity.

In conclusion, the results of this study add another
piece of evidence for the effectiveness of FIT screening in
reducing CRC incidence and mortality.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
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