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ABSTRACT
Background  The risk of colorectal cancer (CRC) among 
subjects with a positive faecal immunochemical test (FIT) 
who do not undergo a colonoscopy is unknown. We 
estimated whether non-compliance with colonoscopy 
after a positive FIT is associated with increased CRC 
incidence and mortality.
Methods  The FIT-based CRC screening programme 
in the Veneto region (Italy) invited persons aged 50 to 
69 years with a positive FIT (>20 µg Hb/g faeces) for 
diagnostic colonoscopy at an endoscopic referral centre. 
In this retrospective cohort study, we compared the 
10-year cumulative CRC incidence and mortality among 
FIT positives who completed a diagnostic colonoscopy 
within the programme (compliers) and those who did not 
(non-compliers), using the Kaplan-Meier estimator and 
Cox-Aalen models.
Results  Some 88 013 patients who were FIT positive 
complied with colonoscopy (males: 56.1%; aged 50–59 
years: 49.1%) while 23 410 did not (males: 54.6%; aged 
50–59 years: 44.9%).
The 10-year cumulative incidence of CRC was 44.7 
per 1000 (95% CI, 43.1 to 46.3) among colonoscopy 
compliers and 54.3 per 1000 (95% CI, 49.9 to 58.7) in 
non-compliers, while the cumulative mortality for CRC 
was 6.8 per 1000 (95% CI, 5.9 to 7.6) and 16.0 per 
1000 (95% CI, 13.1 to 18.9), respectively. The risk of 
dying of CRC among non-compliers was 103% higher 
than among compliers (adjusted HR, 2.03; 95% CI, 1.68 
to 2.44).
Conclusion  The excess risk of CRC death among those 
not completing colonoscopy after a positive faecal occult 
blood test should prompt screening programmes to 
adopt effective interventions to increase compliance in 
this high-risk population.

INTRODUCTION
The faecal immunochemical test (FIT), one of 
several tests available for colorectal cancer (CRC) 
screening,1 is currently used in many countries.1–5 
FIT screening is a two-step process, whereby a 
follow-up colonoscopy is recommended for partic-
ipants with a positive FIT.1 5 6 Different methods 
of increasing colonoscopy completion have been 
proposed, with moderate evidence supporting the 
use of patient navigators and provider reminders.7 

Other active outreach approaches include actively 
calling all patients with a positive FIT and main-
taining a registry of patients requiring follow-up. 
However, many screening programmes struggle to 
ensure timely colonoscopy completion among those 
with a positive FIT, with rates as low as 50%.8 9 A 
meta-analysis found that compliance with a diag-
nostic evaluation was 80% in real-world FIT-based 
screening programmes.10

In the Veneto region (north-east Italy), subjects 
with a positive FIT are contacted via phone call and 
follow-up colonoscopy is offered free of charge. 

Significance of this study

What is already known on this subject?
►► Subjects with a positive faecal immunochemical 
test (FIT) have a high prevalence of colorectal 
cancer (CRC) and advanced adenomas at 
colonoscopy.

►► Compliance with colonoscopy among FIT 
positives is suboptimal.

►► CRC incidence and mortality among FIT 
positives who do not comply with colonoscopy 
is not known.

What are the new findings?
►► The 10-year cumulative incidence of CRC was 
44.7 per 1000 among colonoscopy compliers 
and 54.3 per 1000 in non-compliers.

►► The 10-year cumulative mortality from CRC was 
6.8 per 1000 and 16.0 per 1000, respectively.

►► The risk of dying of CRC among non-compliers 
was 103% higher than among compliers 
(adjusted HR, 2.03; 95% CI, 1.68 to 2.44).

How might it impact on clinical practice in the 
foreseeable future?

►► It is critical that as many patients as possible 
complete a diagnostic colonoscopy after a 
positive FIT.

►► Failure to complete a colonoscopy after a 
positive FIT markedly increases the risk of dying 
of CRC.

►► Additional interventions are needed to engage 
these patients and decrease their burden of 
CRC.
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With this active approach, the programme has maintained rates 
of colonoscopy adherence of 80% at just 3 months after a posi-
tive test.11

Among participants with a positive FIT, the yield of clinically 
significant lesions at colonoscopy is high. In our experience, 
the positive predictive value of FIT for advanced neoplasia was 
32.4% (4.6% for CRC and 27.8% for advanced adenoma).12 
Previous studies have shown that delays in colonoscopy comple-
tion longer than 9 months are associated with a greater risk of 
CRC and more advanced disease at the time of colonoscopy.13–16 
However, only one study has analysed the association between 
colonoscopy completion and burden of CRC disease, demon-
strating an association between not undergoing colonoscopy and 
a significant increase in CRC incidence and mortality.17

The objective of this study was to quantify differences in CRC-
specific cumulative incidence and mortality in the cohort of FIT 
positives who did not comply with an invitation to complete a 
diagnostic colonoscopy within the screening programme (‘non-
compliers’), as compared with FIT positives who complied with 
colonoscopy (‘compliers’).

METHODS
Setting
This study was carried out in the Veneto region, where a CRC 
screening programme using FIT has been operating since 2002. 
Its target population includes residents aged 50–69 years, who 
are invited to complete a FIT every 2 years. Subjects with a posi-
tive FIT (>20 µg Hb/g faeces) are contacted by phone by trained 
operators to undergo a precolonoscopy intake meeting. The 
phone call is standardised and information is provided about 
FIT positivity, the corresponding risk of disease, the recom-
mendation for an endoscopic assessment and practical issues 
(precolonoscopy meeting, delivery of bowel preparation, etc). 
During the precolonoscopy meeting, colonoscopy is organised 
at an endoscopic referral centre during dedicated time slots. The 
programme does not exclude subjects with a positive FIT who 
are symptomatic, nor those who recontact the programme after 
initially refusing colonoscopy because they subsequently devel-
oped symptoms or changed their mind. Both the FIT test and 
colonoscopy are free of charge.

Barriers to colonoscopy outside the screening programme are 
minimal, as the Regional Health System guarantees a colonos-
copy appointment within 30 days for patients with symptoms, 
with a copay of about 100€ by the patient. Furthermore, citizens 
may perform a colonoscopy in a private clinic, at a cost ranging 
between 150€ and 500€. Private colonoscopy may be covered by 
private insurance without a co-pay; however, private insurance 
is uncommon.

All screening data collected were recorded using dedicated 
software, and are available as individual records.

Cohort creation
We first identified the cohort of subjects who performed a 
FIT within the screening programme from 1 January 2004 to 
30 September 2017. For each screening episode, we recorded 
the result of the FIT, whether the subject was excluded from 
colonoscopy, whether a colonoscopy was performed, and 
the outcome of the colonoscopy (invasive cancer, advanced 
adenoma, non-advanced adenoma, negative). Subjects already 
in follow-up because of a history of adenoma, CRC or IBD, 
who were affected by serious disease or disability, who had had 
a recent colonoscopy, who moved to other regions, who were 
deceased, and those who could not give informed consent for 

colonoscopy were excluded from the study. For subjects with 
more than one positive FIT during the study period, only the 
first test was considered.

Primary exposure
We defined all subjects who had a colonoscopy within the 
screening programme as ‘compliers’, the vast majority (99.93%) 
of whom had their colonoscopy within 12 months of the positive 
FIT. We considered all other subjects as ‘non-compliers’, irre-
spective of whether or not they had a follow-up colonoscopy 
outside of the screening programme because of the positive FIT 
or because of subsequent symptoms.

Outcomes
All subjects were linked using a regional, individual identification 
code with the database of the regional Tumor Registry (available 
up to 31 December 2015) and the regional database of Pathology 
Records (available up to 31 December 2018), to identify those 
who had been diagnosed with a CRC. Stage at diagnosis was 
collected through consultation of pathology and clinical records 
for CRCs diagnosed from 2013 to 2018, as cancer stage was 
available only for a minority of cases diagnosed before 2013. 
Cases were classified according to the tumour, node, metastases 
(TNM) seventh edition.18

The vital status of all subjects was assessed through record 
linkage with the population file of residents, as available from 
the regional Healthcare System, and with the regional Mortality 
Registry (available up to 31 December 2018) to identify those 
who died of CRC.

For follow-up analysis of incidence, each patient was followed 
from the date of the positive FIT to the date of CRC diag-
nosis, emigration or last available follow-up (ie, 31 December 
2018), whichever came first. For follow-up analysis of mortality, 
patients were followed up to the date of death, emigration or last 
available follow-up.

The following indicators were computed for both compliers 
and non-compliers:
1.	 Cumulative incidence of CRC.
2.	 Cumulative mortality from CRC. An incidence-based mor-

tality approach was used, that is, only deaths due to a CRC 
diagnosed after the date of the positive FIT were considered;

3.	 Cumulative mortality from all causes.

Statistical analysis
Descriptive statistics were used to summarise the main charac-
teristics of the two study cohorts (colonoscopy compliers and 
non-compliers).

The cumulative incidence and mortality at 10 years of 
follow-up were computed using the Kaplan-Meyer estimator.

A Cox model, adjusted for gender, age and screening round 
(first, subsequent), was initially fit to estimate the effect of colo-
noscopy compliance on CRC incidence and mortality. In the 
model testing CRC incidence, the proportional hazard assump-
tion was not met by colonoscopy compliance. A Cox-Aalen 
model19 was then applied, including gender, age and screening 
round in the multiplicative part of the model, and time-varying 
colonoscopy compliance in the additive part of the model. An 
extended-Cox model with piecewise-constant, time-varying 
coefficients estimated the HR of CRC incidence for compliers 
versus non-compliers.20

Given the long follow-up period, a significant number of 
deaths from other causes could bias the estimates of cumula-
tive mortality from CRC, since the occurrence of death from 
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other causes would preclude the possibility of dying for CRC. 
To overcome this limitation, we estimated cumulative mortality 
from CRC in a competing events framework using the Fine-
Gray regression models,21 considering CRC death as an event of 
interest, and deaths from other causes as competing risks.

Since the timing of CRC incidence was different between the 
study cohorts (mostly <1 year after FIT for compliers versus 
>1 year after for non-compliers), we performed a sensitivity 
analysis including only subjects with a positive FIT prior to 31 
December 2013 who had a potential follow-up time of 5 years 
or more.

Statistical tests were two-sided, with statistical significance 
set at 0.05. Statistical analyses were performed using SAS, V.9.4 
statistical package (SAS Institute, Cary, North Carolina, USA) 
and the R-software environment.

Ethics
Italian legislation identifies Cancer Registries as collectors of 
personal data for surveillance purposes without explicit indi-
vidual consent. We did not require approval from a research 
ethics committee as this study was a descriptive analysis of 
individual data without any direct or indirect intervention on 
patients.22

RESULTS
During the study period, 1 127 093 subjects underwent one or 
more FIT within the regional screening programme and 113 008 
had ≥1 positive test (online supplemental figure S1).

A total of 1585 subjects who were FIT positive were excluded: 
643 were in follow-up because of a personal or family history 
of adenoma, CRC or IBD (40.6%); 407 had a recent colonos-
copy (25.7%); 158 were deceased (10%); 108 were affected by 
serious disease or disability (6.8%); 49 could not give informed 
consent (3.1%); 41 left the region (2.6%); and 179 were 
excluded for other reasons (11.3%). Of the 111 423 remaining 
subjects, 88 013 complied with colonoscopy within the screening 
programme (79%), while 23 410 did not (21%).

Table 1 shows the main characteristics of the two study groups. 
The proportion of males was 56.1% (95% CI, 55.8 to 56.4) 
among compliers and 54.6% (95% CI, 53.9 to 55.2) among 
non-compliers; subjects aged 50–59 years were 49.1% (95% 
CI, 48.8 to 49.5) and 44.9% (95% CI, 44.3 to 45.6), respec-
tively. At follow-up, 3549 CRC were diagnosed in the cohort of 
compliers (4.03%). Of these, 2717 (76.6%) were located in the 
colon and 793 (22.4%) in the rectum. Among non-compliers, 
882 CRC were diagnosed overall (3.77%), 659 of which were 
colon cancers (74.7%) and 204 were rectum cancers (23.1%).

The proportion of CRC diagnosed <1 year after the positive 
FIT was significantly higher among compliers (90.1%) than 
among non-compliers (62.9%, (p<0.0001).

Stage at diagnosis was available for 1499/1711 CRC diag-
nosed from 2013 onward among compliers (87.6%) and for 
361/425 among non-compliers (84.9%, table  2). Overall, 
46.4% CRC diagnosed in compliers were stage I and 22.6% 
were stage II; the corresponding figures for non-compliers 
were 48.8% and 23.8%, respectively (p=0.46). Most CRC 
detected <1 year after the positive FIT were in stage I or 
II for both compliers (stage I: 46.8%; stage II: 22.3%) and 
non-compliers (stage I: 57.0%; stage II: 20.3%, p=0.014). 
Conversely, 34.7% of cancers in compliers and 38.2% in non-
compliers diagnosed >1 year after the positive FIT were stages 
III or IV (p=0.90).

During follow-up, 3494 (3.97%) compliers died, 336 (0.38%) 
of whom died of CRC. The number non-compliers who died 
was 1995 (8.52%), 169 (0.72%) of whom died of CRC.

Figure 1 shows the cumulative incidence of CRC in the two 
cohorts during the study period. The median follow-up for inci-
dence assessment was 4.9 years (IQR, 2.9–8.0) in compliers and 
4.5 years in non-compliers (IQR, 2.6–7.1). The 10-year cumu-
lative incidence was 44.7 per 1000 (95% CI, 43.1 to 46.3) in 
compliers and 54.3 per 1000 (95% CI, 49.9 to 58.7) in non-
compliers. The shape of the two curves was different. In the 
cohort of compliers, incidence increased quickly in the first 
months after the FIT, with modest increases thereafter. The rise 
in cumulative incidence in non-compliers was lower in the first 
year and steeper later. The cumulative incidence of CRC in non-
compliers exceeded that of compliers from year 6 of follow-up 
onward. The results of multivariable models are reported in 
table 3. The hazard of being diagnosed with a CRC was estimated 
separately up to, and beyond, the sixth month of follow-up, 
according to the slope of the Cox-Aalen’s hazard curve between 
the two cohorts (see details in online supplemental appendix 
2). In the first 6 months of follow-up, CRC incidence in non-
compliers was 44% lower than compliers’ (HR 0.56; 95% CI, 
0.51 to 0.61). After 6 months the hazard among non-compliers 
was about three and a half times higher than among compliers 
(HR 3.68; 95% CI, 3.20 to 4.22). CRC incidence was higher for 
males, for 60–69 year olds and for subjects at the first screening 
round over the whole follow-up period.

The median length of follow-up for mortality assessment 
was 4.9 years (IQR, 3.1–7.9) for compliers and 4.2 years 
(IQR, 2.5–6.7) for non-compliers. In compliers, the cumulative 

Table 1  Demographic characteristics of the study population, 
numbers of CRCs diagnosed at follow-up and numbers of deaths, 
according to compliance with colonoscopy within the screening 
programme

Compliers Non-compliers

Number % Number %

Total 88 013 100 23 410 100

Gender

 � Male 49 416 56.1 12 770 54.6

 � Female 38 597 43.9 10 640 45.4

Age (years)

 � 50–59 43 227 49.1 10 510 44.9

 � 60–69 44 786 50.9 12 900 55.1

Screening round

 � First 31 549 35.9 9535 40.7

 � Subsequent 56 464 64.1 13 875 59.3

Diagnosis of CRC

 � Total 3549 4.03 882 3.77

 � Colon 2717 3.09 659 2.82

 � Rectum 793 0.9 204 0.87

 � Not available 39 0.04 19 0.08

Timing of the diagnosis of CRC

 � Within 1 year of the FIT 3197 90.1 555 62.9

 � Between 1 and 10 years after FIT 352 9.9 327 37.1

Deaths

 � Total 3494 3.97 1995 8.52

 � CRC 336 0.38 169 0.72

 � Other cancers 1741 1.98 922 3.94

 � Other causes 1417 1.61 904 3.86

CRCs, colorectal cancers; FIT, faecal immunochemical test.
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mortality due to CRC after 10 years of follow-up was 6.8 per 
1000 (95% CI, 5.9 to 7.6, figure 2). The cumulative mortality 
due to CRC was greater for non-compliers during the whole 
study period and by the end of follow-up it was 16.0 per 1000 
(95% CI, 13.1 to 18.9).

The cumulative mortality from all causes among compliers 
was 83.4 per 1000 (95% CI, 80.2 to 86.6), while among non-
compliers it was 164.2 per 1000 (95% CI, 155.6 to 172.6).

The risk of death from CRC was more than doubled among 
non-compliers (HR 2.03; 95% CI, 1.68 to 2.44). The competing 
risk analysis yielded similar results (HR 1.94; 95% CI, 1.61 to 
2.33). The risk of death was higher for males, for 60–69 year 
olds and for subjects at the first screening round.

The sensitivity analysis performed on subjects with a potential 
follow-up time of 5 years or more involved 44 975 compliers and 
10 475 non-compliers, who were diagnosed with respectively 
2413 (5.4%) and 607 (5.8%) CRC. The cumulative incidence at 
10 years was 55.8 per 1000 (95% CI, 53.6 to 58.0) for compliers 
and 66.5 per 1000 (95% CI, 61.0 to 72.0) for non-compliers. 
The HR of being diagnosed with CRC >6 months after the FIT 
among non-compliers was 3.86 (95% CI, 3.31 to 4.49). Details 
are reported in online supplemental appendix 3.

DISCUSSION
This study compared CRC incidence and mortality between 
subjects with a positive FIT who were compliant and non-
compliant with colonoscopy within the Veneto regional CRC 
screening programme. As expected, CRC incidence in compliers 
increased steeply in the first months after the FIT, due to CRC 
found during diagnostic colonoscopy. Over the subsequent 10 
years, CRC incidence among compliers increased slowly, from a 

Table 2  Distribution by TNM stage at diagnosis of CRCs diagnosed 
within and after 1 year of the positive FIT, according to compliance 
with colonoscopy

TNM stage

Compliers (n=1499) Non-compliers (n=361)

P value*Number % Number %

All CRCs

 � I 695 46.4 176 48.8 0.46

 � II 339 22.6 86 23.8

 � III 387 25.8 79 21.9

 � IV 78 5.2 20 5.5

 � Total 1499 100 361 100

CRCs diagnosed within 1 year of the positive FIT

 � I 678 46.8 143 57.0 0.014

 � II 324 22.3 51 20.3

 � III 373 25.7 46 18.3

 � IV 75 5.2 11 4.4

 � Total 1450 100 251 100

CRCs diagnosed after 1 year of the positive FIT

 � I 17 34.7 33 30.0 0.90

 � II 15 30.6 35 31.8

 � III 14 28.6 33 30.0

 � IV 3 6.1 9 8.2

 � Total 49 100 110 100

*Comparison between cohorts through the χ2 test.
CRCs, colorectal cancers; FIT, faecal immunochemical test; TNM, tumour, node, 
metastases.

Figure 1  Cumulative incidence of CRC (per 1000) in a cohort of 
subjects with a positive FIT, according to compliance with follow-up 
colonoscopy. CRC, colorectal cancer; FIT, faecal immunochemical test.

Table 3  Adjusted HR of CRC incidence and of CRC mortality in 
subjects with a positive FIT, with 95% CIs

Adjusted* HR 95% CI

CRC incidence†

Gender

 � Male 1.00 –

 � Female 0.84 0.79 to 0.89

Age at time of FIT (years)

 � 50–59 1.00 –

 � 60–69 1.7 1.59 to 1.80

Screening round

 � First 1.00 –

 � Subsequent 0.5 0.47 to 0.53

Compliance with colonoscopy

 � Yes 1.00 –

 � No (up to month 6) 0.56 0.51 to 0.61

 � No (beyond month 6) 3.68 3.20 to 4.22

CRC mortality‡

Gender

 � Male 1.00 –

 � Female 0.68 0.56 to 0.81

Age at time of FIT (years)

 � 50–59 1.00 –

 � 60–69 1.88 1.56 to 2.26

Screening round

 � First 1.00 –

 � Subsequent 0.45 0.37 to 0.54

Compliance with colonoscopy

 � Yes 1.00 –

 � No 2.03 1.68 to 2.44

*Adjusted by all the variables reported in the table.
†According to Extended-Cox model.
‡According to Cox model.
CRC, colorectal cancer; FIT, faecal immunochemical test.
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cumulative CRC incidence of 36.4 per 1000 after 1 year to 44.7 
per 1000 after 10 years. This low incidence >1 year after the 
positive FIT is likely due to the early detection of cancers that 
would have become symptomatic and the removal of precan-
cerous lesions during colonoscopy.23

The cumulative incidence of CRC in non-compliers also 
increased early after FIT, even if at a slower pace than in 
compliers. Cases diagnosed within 3 months of the FIT 
accounted for 40% of all cases and those diagnosed within 6, 
9 and 12 months of the FIT accounted respectively for 57%, 
60% and 63% of all cases. A steady increase in CRC incidence 
followed during the entire follow-up period, reaching 54 cases 
per 1000 10 years after the FIT, significantly higher than the 44 
cases per 1000 observed among compliers. The counterintuitive 
lower absolute CRC incidence rate observed in non-compliers 
(3.77 vs 4.03 in compliers) was related to the shorter median 
duration of follow-up.

CRCs diagnosed early in non-compliers (ie, in the first months 
after the positive FIT) were likely among subjects who wanted 
a diagnostic colonoscopy, but preferred to have it outside the 
screening programme. The underlying reasons are not known; 
these subjects could have individual preferences for other endos-
copy centres, or for a private setting. According to the regional 
database of outpatient services, approximately 5.4% of non-
compliers underwent a follow-up colonoscopy in public endos-
copy units not participating in the programme within 12 months 
of their positive FIT; however, the figure related to private 
facilities was not available. An increased risk of cancer and a 
worse distribution by stage have been reported for colonosco-
pies performed more than 7–9 months after a positive FIT.13–16 
Most cases diagnosed  <1 year after a FIT were early stage in 
both compliers and non-compliers.

While CRCs diagnosed in compliers >1 year after the FIT 
were postcolonoscopy (missed or interval) cancers, those in 

non-compliers were more likely to be among subjects who 
initially refused the diagnostic colonoscopy and then had their 
cancer detected on the appearance of symptoms. Compared 
with cases diagnosed within the first year, the stage of cases 
diagnosed after 1 year was much worse in both study cohorts, 
particularly in non-compliers. A delayed diagnosis was signifi-
cantly more frequent in non-compliers (37% of the total >1 year 
after the positive FIT, compared with only 10% in compliers), 
which likely explains the excess CRC mortality, but not all-cause 
mortality, observed in this cohort.

CRC cumulative mortality was higher among non-compliers 
from the very beginning of the follow-up and the difference 
between the two cohorts progressively increased. Over the 
entire follow-up period, the cumulative mortality CRC in non-
compliers was more than double that seen in compliers, after 
adjusting for available confounders.

Our results are in line with those by Lee and colleagues, who 
reported a 1.83-fold increased risk in detection of CRC and a 
1.64-fold increased risk for CRC death among non-compliers 
with colonoscopy, after a follow-up of 8 years.15

This increase could be due to sick individuals in the cohort of 
non-compliers whose comorbidities prevented them from under-
going colonoscopy according to screening protocols. Further-
more, we observed a large difference in all-cause mortality 
between compliers and non-compliers. Previous studies have 
shown that those who are compliant with treatment recommen-
dations have lower overall mortality that those who are non-
compliant, even in randomised trials that should account for 
confounders such as socioeconomic status, education and other 
factors associated with negative outcomes.24 25 This effect may 
be especially important when studying CRC, as several lifestyle 
factors increase the risk of CRC (inactivity, alcohol, tobacco, 
etc). Therefore, the two study cohorts could be not completely 
comparable to each other, non-compliers being at higher risk of 
death from all causes. Compliance with colonoscopy would act 
as a selection mechanism to identify a population at high risk of 
premature death.

Though the proportion of deaths attributable to CRC was 
similar in compliers (9.6%) and non-compliers (8.5%), the 
higher overall mortality in non-compliers means that the abso-
lute difference in CRC-specific mortality remains important. 
Because non-compliers are a group at high risk of death, and a 
high proportion of these deaths are attributable to CRC, they 
should be encouraged to have a procedure that may be lifesaving.

Our results show the importance of achieving the highest 
possible compliance with colonoscopy after a positive FIT. The 
critical role of actively calling the patients with a positive FIT 
to plan a diagnostic colonoscopy has been repeatedly reported 
in the literature.8 Without close monitoring, high proportions 
of patients with a positive FIT are lost to follow-up.26 27 There 
are multiple reasons why individuals may fail to get a colo-
noscopy after a positive FIT. A recent study from the Veterans 
Health Administration screening programme showed that 
the most common reason (in 35% of patients) was patient 
refusal,28 possibly related to colonoscopy preparation, inva-
siveness of the procedure and anticipated pain.29 Providers may 
also underestimate the likelihood of an advanced adenoma or 
cancer being the cause of the positive test, contributing to a 
lack of urgency.30

Subjects at subsequent screening rounds showed a significant 
reduction in cumulative incidence and mortality as compared 
with those at their first screening FIT. Comparing the quantita-
tive results, and not just the qualitative positive–negative result, 
between subjects at the first versus subsequent rounds would 

Figure 2  Cumulative CRC-specific mortality (per 1000) in a cohort 
of subjects with a positive FIT, according to compliance with follow-up 
colonoscopy. CRC, colorectal cancer; FIT, faecal immunochemical test.
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facilitate the interpretation of this result, but quantitative data 
were not available in our study.

This study has some limitations. First, it cannot be excluded 
that non-compliers had an underlying risk of CRC different 
from compliers. However, for both the study cohorts, the post-
test risk (ie, after a positive FIT) of CRC is so much higher than 
the pretest risk, that the relative contribution of any difference 
in the background risk is likely to be marginal.

Second, the favourable stage at diagnosis of CRC detected in 
the first year of the FIT in non-compliers suggests that some of 
them were asymptomatic, but chose to complete their colonos-
copy outside the screening programme (ie, ‘non-programmatic 
compliers’). However, we do not know what proportion of 
non-compliers appropriately completed timely diagnostic 
colonoscopies outside of the programme, and were therefore 
non-programmatic compliers; if we assume non-programmatic 
compliers had a similar CRC incidence to programmatic 
compliers, we would expect the actual excess incidence of CRC 
among true non-compliers to be greater than that observed. 
Studies similar to ours from organised screening programmes 
have also lacked data about colonoscopy uptake among 
non-compliers.15

Third, because CRCs were diagnosed earlier in compliers 
(90% within 1 year) than in non-compliers (63%), the follow-up 
of non-compliers could be too short for undiagnosed cancers to 
surface. However, the results of the sensitivity analysis performed 
on subjects with a potential follow-up time of 5 years or more 
were similar to those observed on the whole study population.

Fourth, immortal time bias might affect our results because 
compliers could not be diagnosed with CRC or die before the 
date of their colonoscopy. A sensitivity analysis replacing the 
date of the FIT with the date of colonoscopy for compliers, 
thus excluding immortal time from analysis, showed minimal 
differences as compared with the main analysis (details in online 
supplemental appendix 4).

Fifth, stage at diagnosis was not available for CRCs diagnosed 
in the first years of the study. However, data from the Italian 
national surveys of CRC screening (which included the data 
from the Veneto region) showed a stable distribution of CRC 
stage in different years.11 31 Regarding non-compliers, it seems 
unlikely that stage at diagnosis of CRC diagnosed before 2013 
could significantly differ from that collected from 2013 onward.

Finally, it has been shown that screen-detected CRCs have 
more favourable intrastage characteristics than non-screen-
detected cancers, including a lower median number of positive 
lymph nodes for stage III–IV cancers.32 This difference likely 
gives an additional mortality advantage with screening, which 
could be concealed by the reported (traditional) distribution by 
stage.

CONCLUSIONS
The effectiveness of FIT-based screening depends on colonos-
copy compliance after an initial positive result. We found that 
non-compliers with colonoscopy in an organised programme had 
more than double the rate of cumulative CRC mortality during 
10 years of follow-up. Additional interventions are needed to 
engage these patients and decrease their burden of CRC.
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Supplementary Appendix 1 

 

Figure S1. Flowchart of the study 
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Supplementary Appendix 2 

 

Statistical analysis to handle for non-proportionality of hazards at Cox analysis 

 

The Cox model [1] was not applicable to the analysis of CRC incidence because the hypothesis of 

proportionality of the effect was not met for the covariate “colonoscopy compliance”. We then 
applied the Cox-Aalen model [2], where an additive component allows for covariates with time-

varying effects. The Cox-Aalen model estimates the hazard ratios for the variables with time-

constant effect, while plotting the cumulative regression function for time-varying variables.  

Figure S2 shows that the effect in term of hazard (the slope of the curve) for colonoscopy 

compliance is negative in the first six months after the FIT (i.e., the hazard is higher for 

colonoscopy compliers), then it starts growing until the end of the follow up, crossing the horizontal 

zero line at six year. Such two-phase pattern confirms the time-varying effect of colonoscopy 

compliance on the risk of CRC incidence. 

To estimate the hazard ratio separately for the first six months and the remaining follow up period, 

we finally used an extended Cox model [3] with a piecewise function for the effect of compliance 

with colonoscopy. 

 

Figure S2. Cumulative regression functions estimated for the additive part of Cox-Aalen 

model, with 95% pointwise confidence intervals 
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Supplementary Appendix 3 

 

Sensitivity analysis including only the study subjects with a potential follow-up time of 5 years 

or more 

CRC were diagnosed earlier in compliers (90% within one year) than in non-compliers (62%). 

Therefore, the follow up of non-compliers with a recent positive FIT could be insufficient for 

cancers to surface. We therefore performed a sensitivity analysis including only the subjects with a 

potential follow-up time of 5 years or more. 

Methods 

We selected the subjects with a positive FIT prior to 31st December 2013. 

The cumulative incidence and mortality at 10 years of follow up were computed using the Kaplan-

Meyer estimator.  

A Cox model and an Extended-Cox model [1] with piecewise-constant time-varying coefficients 

were used to estimate the hazard ratio of CRC incidence and mortality for compliers vs. non-

compliers, adjusting for gender, age and screening round (first, subsequent). 

Results 

The sensitivity analysis involved 44,975 compliers and 10,475 non-compliers. During the study 

period, 2,413 CRC were diagnosed in the cohort of compliers (5.4%)) and 607 in the cohort of non-

compliers (5.8%). The cumulative incidence at 10 years was 55.8 per 1,000 (95% CI, 53.6 to 58.0) 

for compliers and 66.5 per 1,000 (95% CI, 61.0 to 72.0) for non-compliers (Figure S3.1).  

The cumulative CRC-specific mortality at 10 years of follow up was 7.5 per 1,000 (95% CI, 6.6 to 

8.4) for compliers and 17.5 per 1,000 (95% CI, 14.3 to 20.6) for non-compliers (Figure S3.2). 

The hazard of being diagnosed with a CRC beyond the sixth month of the FIT among non-

compliers was 3.86 (95% CI, 3.31 to 4.49) (Table S3.1). The risk of death from CRC was 2.1 higher 

among non-compliers (HR 2.09; 95% CI, 1.70 to 2.57). 
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Table S3.1. Adjusted Hazard Ratio with 95% confidence intervals of colorectal cancer 

incidence and of death caused by colorectal cancer in subjects with a positive fecal 

immunochemical test, by gender, age and compliance with colonoscopy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 adjusted by all the variables reported in the table 

 

 

 

 Adjusted1 

Hazard              

Ratio 

95% confidence intervals 

Colorectal cancer incidence  

Gender 

 Male 

 Female 

 

1.00 

0.83 

 

– 

0.77 – 0.89 

Age at time of FIT (years) 

 50-59 

 60-69 

 

1.00 

1.51 

 

– 

1.41 – 1.63 

Screening round 

 First 

 Subsequent 

 

1.00 

0.58 

 

– 

0.54 – 0.62 

Compliance with colonoscopy 

    Yes 

    No - up to 6 months 

    No - beyond 6 months 

 

1.00 

0.57 

3.86 

 

– 

0.51 – 0.65 

3.31 – 4.49 

Colorectal cancer mortality  

Gender 

 Male 

 Female 

 

1.00 

0.63 

 

– 

0.51– 0.77 

Age at time of FIT (years) 

 50-59 

 60-69 

 

1.00 

1.73 

 

– 

1.41– 2.12 

Screening round 

 First 

 Subsequent 

 

1.00 

0.50 

 

– 

0.40-0.61 

Compliance with colonoscopy 

 Yes 

 No 

 

1.00 

2.09 

 

– 

1.70 – 2.57 
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Figure S3.1 Cumulative incidence of CRC (per 1,000) in subjects with a positive fecal 

immunochemical test, according to compliance with colonoscopy. Subjects with a potential 

follow-up time of 5 years or more 

 

Figure S3.2 Cumulative CRC-specific mortality (per 1,000) in subjects with a positive fecal 

immunochemical test, according to compliance with colonoscopy. Subjects with a potential 

follow-up time of 5 years or more 
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Supplementary Appendix 4 

 

Sensitivity analysis to account for immortal time bias in the cohort of compliers 

By definition, compliers could not be diagnosed with CRC before the date of colonoscopy. This 

might introduce immortal time bias in the results of the study [1]. We therefore performed a 

sensitivity analysis replacing in the cohort of compliers the date of the FIT with the date of 

colonoscopy. 

Methods 

The date of the FIT was used to start follow up for non-compliers, while the date of colonoscopy 

was used for compliers. 

The cumulative incidence and mortality at 10 years of follow up were computed using the Kaplan-

Meyer estimator.  

A Cox model and an Extended-Cox model [2] with piecewise-constant time-varying coefficients 

were used to estimate the hazard ratio of CRC incidence and mortality for compliers vs. non-

compliers, adjusting for gender, age and screening round (first, subsequent). 

Results 

The cumulative incidence at 10 years was 44.2 per 1,000 (95% CI, 42.6 to 45.8) for compliers and 

54.3 per 1,000 (95% CI, 49.9 to 58.7) for non-compliers (Figure S4.1).  

The cumulative CRC-specific mortality at 10 years of follow up was 6.8 per 1,000 (95% CI, 5.9 to 

7.6) for compliers and 16.0 per 1,000 (95% CI, 13.1 to 18.9) for non-compliers (Figure S4.2). 

The hazard of being diagnosed with a CRC beyond the sixth month of the FIT among non-

compliers was 4.17 (95% CI, 3.62 to 4.81) (Table S4.1). The risk of death from CRC was 2.0 higher 

among non-compliers (HR 2.03; 95% CI, 1.69 to 2.45). 

Discussion 

Non-programmatic colonoscopies performed by non-compliers could determine an immortal time 

bias in favour of the cohort of non-compliers. Data about such colonoscopies are not available. 

However, since no significant difference emerged between the results of the baseline analysis and 

this sensitivity analysis (which addressed the time-to-colonoscopy of the whole cohort of 

compliers), the expected effect of the bias in favour of non-compliers is negligible (regarding only a 

limited proportion of non-compliers who underwent non-programmatic colonoscopy). 

 

References 

1. Suissa S. Immortal time bias in pharmaco-epidemiology. Am J Epidemiol 2008;167(4):492-9. 

2. Therneau T, Grambsch P. Modeling survival data: extending the Cox model. Springer, 2000. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2020-322192–7.:10 2021;Gut, et al. Zorzi M



Table S4.1. Adjusted Hazard Ratio of colorectal cancer incidence and of colorectal cancer 

mortality in subjects with a positive fecal immunochemical test, with 95% confidence 

intervals. Follow up starts from the date of the FIT for non-compliers and from the date of 

colonoscopy for compliers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 adjusted by all the variables reported in the table 

 

 

  

 Adjusted1 

Hazard              

Ratio 

95% confidence intervals 

Colorectal cancer incidence  

Gender 

 Male 

 Female 

 

1.00 

0.85 

 

– 

0.80 – 0.90 

Age at time of FIT (years) 

 50-59 

 60-69 

 

1.00 

1.70 

 

– 

1.60 – 1.81 

Screening round 

 First 

 Subsequent 

 

1.00 

0.50 

 

– 

0.47 – 0.53 

Compliance with colonoscopy 

    Yes 

    No - up to 6 months 

    No - beyond 6 months 

 

1.00 

0.55 

4.17 

 

- 

0.50 – 0.61 

3.62 – 4.81 

Colorectal cancer mortality  

Gender 

 Male 

 Female 

 

1.00 

0.68 

 

– 

0.56 – 0.82 

Age at time of FIT (years) 

 50-59 

 60-69 

 

1.00 

1.91 

 

– 

1.58 – 2.30 

Screening round 

 First 

 Subsequent 

 

1.00 

0.46 

 

– 

0.38 – 0.55 

Compliance with colonoscopy 

 Yes 

 No 

 

1.00 

2.03 

 

– 

1.69 – 2.45 
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Figure S4.1 Cumulative incidence of CRC (per 1,000) in subjects with a positive fecal 

immunochemical test, according to compliance with colonoscopy. Follow up starts from the 

date of the FIT for non-compliers and from the date of colonoscopy for compliers. 

 

 

Figure S4.2 Cumulative CRC-specific mortality (per 1,000) in subjects with a positive fecal 

immunochemical test, according to compliance with colonoscopy. Follow up starts from the 

date of the FIT for non-compliers and from the date of colonoscopy for compliers. 
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