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Methods: FIT results were categorised into non-detectable nFIT (0—3.8 ng haemoglobin/g
feces), low nFIT (3.9—9.9) and high nFIT (10.0—19.9). Multivariable adjusted logistic regres-
sion was used to estimate the odds ratios (OR) of advanced neoplasia and IC with the nFIT
results in the first two screens.

Results: More than 90% of the 42,524 persons had non-detectable nFIT in the first and second
screen; 4.5% and 5.8% had a low nFIT, respectively, and 2.2% and 2.9% had a high nFIT. The
probability of testing positive and being diagnosed of advanced neoplasia or IC rose with
increasing values of nFIT. Compared with those with two non-detectable nFIT results, the
highest OR were found among those who had two high nFIT results (OR 21.75; 95% confi-
dence interval: 12.44, 38.04) and those with one low nFIT and one high nFIT (ORs around
20).

Conclusions: Participants with nFIT results above the detection limit of the test had an
increased risk of advanced neoplasia and IC in subsequent participations. This information

could be used in the design of personalised screening strategies.
© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Colorectal cancer (CRC) screening by means of fecal
immunochemical tests (FITs) has been associated with a
significant reduction in CRC mortality [1] and incidence
[2]. FIT is currently the test of choice for many popula-
tion-based screening programs because of both a higher
uptake and a higher detection rate of advanced neoplasia
[3] than the guaiac-based fecal occult blood test. How-
ever, even though increased fecal haemoglobin (Hb)
content is significantly correlated with increasingly severe
colorectal neoplasia [4,5] and quantitative FIT provides
exact Hb concentrations, current screening programs use
the test in a dichotomised manner: concentrations more
than an agreed general cut-off point are considered
positive and are offered a colonoscopy, whereas those
below this threshold are labelled as negative and invited
to repeat the test usually two years later.

CRC risk and FIT performance differs by age and
sex, and it has been suggested that the cut-off point
should be tailored based on these risk factors [6—9].
Furthermore, the risk of interval cancer (IC) (a CRC
diagnosed after a negative FIT result (nFIT) and before
the next scheduled screening) has been shown to be
associated to the previous quantitative FIT result, and
the sensitivity of screening programs varies as per the
cut-off point [10—12]. Besides the risk of IC, little
attention has been given to the association of the
quantitative value of FIT results below the cut-off point
(i.e., nFIT) with later screening outcomes. Because in-
dividuals are commonly screened biennially over the
course of 20—25 years, should such an association exist,
their history of previous nFIT values could be used to
tailor subsequent screening strategies to their individual
risk. However, so far, screening programs consider only
the incident FIT value and one single “universal”
threshold to classify those at higher risk and eligible to
undergo a colonoscopy. In this study, we aim to analyse,

within the context of an ongoing population-based
program, the relationship between the fecal Hb con-
centrations of two consecutive negative screening tests
and the risk of following screen detected advanced
neoplasia and IC.

2. Materials and methods
2.1. Study setting, design and participants

The Barcelona colorectal cancer screening program
(BCRCSP), started in December 2009, is entirely free of
charge and following the European Guidelines [13]
biennially invites men and women aged 50—69 years to
a FIT test (OC-Sensor; Eiken Chemical Co. Ltd, Tokyo,
Japan; cut-off point set at 20 pg hemoglobin [Hb]/g
feces, equivalent to 100 ng Hb/ml buffer). Individuals
with a nFIT receive a letter informing of this result and
are invited to participate two years later. Individuals
with a positive result are offered an appointment and
undergo a colonoscopy. The organisation and operation
of the BCRCSP and its first results have been published
in more detail elsewhere [14].

In this longitudinal, retrospective cohort study, the
population comprised those participants with two
consecutive screening episodes with a nFIT result who
afterwards either had a third screen (3S) or were diagnosed
with an IC after their second screen (2S). The first screen
(1S) took place between 2010 and 2011, the second be-
tween 2012 and 2013 and the third between 2014 and 2015.

2.2. Data sources and measures

Basic sociodemographic data (age, sex and postal
address) and variables related to the screening process
were drawn from the BCRCSP data system. The FIT
values below the threshold between the first two screens
and the difference between them were used as the
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exposure variables. FIT results were categorised into
three groups: non-detectable nFIT (FIT values ranging
from 0 to 3.8), low nFIT (from 3.9 to 9.9) and high nFIT
(from 10.0 to 19.9 pg Hb/g feces). The value of 3.8 ug
Hb/g feces is said to be the limit of the detection of the
OC-Sensor assay [15]. To summarise the change in the
quantitative nFIT result between the first and the 25, a
variable including the nine possible combinations was
created (see Tables 2 and 3).

The outcomes of the 3S, i.e., FIT positivity and
relevant neoplasia colonoscopy results (CRC, and low-
risk, intermediate and high risk adenoma as defined by
the European Guidelines [13]), as well as IC between the
2S and 3S were regarded as the main outcomes. A
combined end point including advanced neoplasia and
IC was created. Advanced neoplasia was defined as
adenoma with size >10 mm, villous histology or high-
grade dysplasia [16] and includes invasive CRC.

The Public Health Agency of Barcelona provided the
Medea deprivation index, a deprivation scale based on
the results of the Medea Project [17]. Five groups were
constructed on the basis of the index of the census tract
quintiles of the city, where one corresponds to the least
deprived and five to the most deprived quintile. Each
person in the study population was assigned a depriva-
tion index value and its corresponding deprivation
quintile by linking that person’s postal address with the
BCRCSP database. Missing values due to non-match of
addresses (2.5% out of the total study population) were
included in all analyses.

2.3. Analysis

We compared the frequency distributions of the vari-
ables for the different outcomes. We used multivariable

Table 1

logistic regression to estimate the odds ratios (OR) and
the 95% confidence interval (CI) of the association be-
tween the composite measure (advanced neoplasia or
IC) and the nFIT results in previous screens. All models
were adjusted for age, sex and socioeconomic depriva-
tion index. P values lower than 0.01 were considered
statistically significant using a two-sided test. Analyses
were performed using SPSS, version 25.0.

2.4. Ethical considerations

The study followed the principles embodied in the
Declaration of Helsinki and approval for this study was
obtained from the Clinical Research Ethical Committee
of the Parc de Salut Mar in March 2016. All databases
were anonymised; addresses were erased after linkage to
obtain the Medea deprivation index.

3. Results

3.1. Characteristics of the population based on their nFIT
levels in the 1S and 2S.

In total, 42,524 persons had two consecutive screens
with a nFIT result and afterwards either had a third
screening episode or were diagnosed with an IC. Their
sex, age and socioeconomic distribution as well as their
categorised nFIT results in the 1S and 2S are described
in Table 1. Overall, 93.4% and 91.3% had a non-
detectable FIT result in 1S and 2S, respectively, 4.5%
and 5.8% a low nFIT, respectively, and 2.2% and 2.9% a
high nFIT, respectively. The proportion of both low and
high nFIT was somewhat higher in men and increased
with age in both the 1S and 2S.

Sociodemographic characteristics of the study population and their distribution based on their negative (i.e., under the threshold) FIT values at

the first and second screen (N = 42,524).

Variables Total FIT, 1st screen (N, %) FIT, 2nd screen (N, %)
Non-detectable Low negative FIT High negative FIT Non-detectable Low negative FIT High negative FIT
Overall 42,524 39,701 93.4% 1903 4.5% 920 2.2% 38,831 91.3% 2470 5.8% 1223 2.9%
Gender
Male 18,123 16,740 92.4% 904 5.0% 479 2.6% 16,387 90.4% 1133 6.3% 603 3.3%
Female 24,401 22,961 94.1% 999 4.1% 441 1.8% 22,444 92.0% 1337 5.5% 620 2.5%
Age in 1st screen (years)
50—54 14,866 14,034 94.4% 561 3.8% 271 1.8% 13,801 92.8% 732 4.9% 333 2.2%
55—59 12,801 11,944 93.3% 590 4.6% 267 2.1% 11,694 91.4% 753 5.9% 354 2.8%
60—064 13,007 12,004 92.3% 667 5.1% 336 2.6% 11,681 89.8% 855 6.6% 471 3.6%
65—69 1850 1719  92.9% 85 4.6% 46 2.5% 1655 89.5% 130 7.0% 65 3.5%
Deprivation index
1, least deprived 10,647 10,045 94.3% 403 3.8% 199 1.9% 9732 914% 615 5.8% 300 2.8%
2 9231 8635 93.5% 408 4.4% 188 2.0% 8514  92.2% 488 5.3% 229 2.5%
3 7825 7300  93.3% 354 4.5% 171 2.2% 7120 91.0% 480 6.1% 225 2.9%
4 8739 8109  92.8% 429 4.9% 201 2.3% 7963  91.1% 502 5.7% 274 3.1%
5, most deprived 5026 4624  92.0% 263 5.2% 139 2.8% 4536 90.3% 327 6.5% 163 3.2%
Missing 1056 988 93.6% 46 4.4% 22 2.1% 966 91.5% 58 5.5% 32 3.0%

FIT, fecal immunochemical test. Non-detectable comprises FIT values ranging between 0 and 3.8 pg/ml; low negative FIT, values between 3.9 and

9.9 pg/ml; high negative FIT, values between 10 and 19.9 pg/ml.
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Distribution of FIT results at the third screen based on their FIT category at the first and second screen (N = 42,493).

Variables Total FIT, 3rd screen (N, %)
Non-detectable Low negative FIT High negative FIT FIT positive
FIT, 1st screen
Non-detectable 39,678 33,220 83.7% 3589 9.0% 1264 3.2% 1605 4.0%
Low negative FIT 1899 1222 64.3% 297 15.6% 160 8.4% 220 11.6%
High negative FIT 916 541 59.1% 136 14.8% 88 9.6% 151 16.5%
FIT, 2nd screen
Non-detectable 38,812 32,676 84.2% 3432 8.8% 1193 3.1% 1511 3.9%
Low negative FIT 2465 1593 64.6% 407 16.5% 205 8.3% 260 10.5%
High negative FIT 1216 714 58.7% 183 15.0% 114 9.4% 205 16.9%
FIT, change from 1st to 2nd screen
Non-detectable to non-detectable 36,589 31,167 85.2% 3115 8.5% 1030 2.8% 1277 3.5%
Non-detectable to low nFIT 2099 1433 68.3% 327 15.6% 149 7.1% 190 9.1%
Non-detectable to high nFIT 990 620 62.6% 147 14.8% 85 8.6% 138 13.9%
Low nFIT to non-detectable 1514 1046 69.1% 222 14.7% 107 7.1% 139 9.2%
Low nFIT to low nFIT 247 121 49.0% 54 21.9% 32 13.0% 40 16.2%
Low nFIT to high nFIT 138 55 39.9% 21 15.2% 21 15.2% 41 29.7%
High nFIT to non-detectable 709 463 65.3% 95 13.4% 56 7.9% 95 13.4%
High nFIT to low nFIT 119 39 32.8% 26 21.8% 24 20.2% 30 25.2%
High nFIT to high nFIT 88 39 44.3% 15 17.0% 8 9.1% 26 29.5%

FIT, fecal immunochemical test; nFIT, negative fecal immunochemical test. Non-detectable comprises FIT values ranging between 0 and 3.8 pg/ml;
low negative FIT, values between 3.9 and 9.9 pg/ml; high negative FIT, values between 10 and 19.9 pg/ml. FIT positive comprises values 20 pg/ml

and higher.

# Thirty-one persons were diagnosed with interval cancer after their second screen and hence did not undergo a third screen.

Table 3

Distribution of outcomes at the third screen and interval cancers based on the FIT category at the first and second screen (N = 42,524).

Variables Total population  Outcomes - 3rd screen (N, 9%,)
at risk Low risk Intermediate High risk Cancer Interval
adenoma risk adenoma adenoma cancer (N, %)
FIT, 1st screen
Non-detectable 39701 356 9.0 277 7.0 138 3.5 31 038 23 0.6
Low negative FIT 1903 36 18.9 55 28.9 35 18.4 8 4.2 4 2.1
High negative FIT 920 34 37.0 44 47.8 24 26.1 9 9.8 4 43
FIT, 2nd screen
Non-detectable 38831 341 8.8 242 6.2 139 3.6 26 0.7 19 0.5
Low negative FIT 2470 50 20.2 77 31.2 24 9.7 14 57 5 2.0
High negative FIT 1223 35 28.6 57 46.6 34 27.8 8 6.5 7 5.7
FIT, change from 1st to 2nd screen
Non-detectable to non-detectable 36605 293 8.0 186 5.1 105 29 19 0.5 16 0.4
Non-detectable to low nFIT 2101 38 18.1 54 25.7 12 5.7 8 3.8 2 1.0
Non-detectable to high nFIT 995 25 25.1 37 37.2 21 21.1 4 4.0 5 5.0
Low nFIT to non-detectable 1515 23 15.2 32 21.1 19 12.5 3 2.0 1 0.7
Low nFIT to low nFIT 248 8 32.3 11 444 8 32.3 4 16.1 1 4.0
Low nFIT to high nFIT 140 5 35.7 12 85.7 8 57.1 1 7.1 2 14.3
High nFIT to Non-detectable 711 25 352 24 33.8 15 21.1 4 5.6 2 2.8
High nFIT to low nFIT 121 4 33.1 12 99.2 4 33.1 2 165 2 16.5
High nFIT to high nFIT 88 5 568 8 90.9 5 56.8 3 341 0 0.0

FIT, fecal immunochemical test; nFIT, negative fecal immunochemical test. Non-detectable comprises FIT values ranging between 0 and 3.8 pg/ml;
low negative FIT, values between 3.9 and 9.9 pg/ml; high negative FIT, values between 10 and 19.9 pg/ml.

3.2. Screening outcomes after two consecutive nFIT

results

FIT in both the 1S and 2S had a positivity rate in the
3S of 3.5%; those whose FIT result increased from non-
detectable in the 1S to low nFIT or to high nFIT in the

Table 2 shows the distribution of FIT results in the
3S based on their nFIT results in the 1S and 2S. The
majority of the study population had non-detectable
nFIT in both the 1S and 2S (36,589, 86.1%). Overall,
the higher the FIT values in the 1S and 2S, the higher
the values in the 3S. Those who had a non-detectable

2S had a later positivity rate of 9.1% and 13.9%,
respectively. The positivity rate reached 29.5% among
those with two consecutive high nFIT.

The probability of being diagnosed an adenoma or
cancer in the 3S or an IC after the 2S rose with
increasing values of nFIT in the 1S and 2S (Table 3).
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Out of those with non-detectable FIT result in both the
1S and 28, the detection rate for low-risk, intermediate-
risk and high-risk adenoma was 8.0%, 5.1% and 2.9%,
respectively. These rates increased to 25.1%, 37.2% and
21.1%, respectively, when the FIT value increased from
non-detectable in the 1S to high nFIT in the 2S, and to
56.8%, 90.9% and 56.8%, respectively, when both pre-
vious FIT values were high nFIT. Screen-detected can-
cer and IC rates also differed significantly based on
previous FIT results. For instance, among those with a
non-detectable nFIT result in the 1S and 2S, only 0.5%
had a screen-detected cancer diagnosed in the 3S,
whereas among those with two high nFIT, cancer
detection rate was 34.1%.

3.3. Association between being diagnosed of an advanced
neoplasia or an IC and previous nFIT results

The adjusted ORs for being diagnosed with either an
advanced neoplasia in the 3S or an IC after the 2S for
each combination of nFIT results in the 1S and 2S are
presented in Table 4. Compared with those with non-
detectable nFIT in the first two screens, those who had
non-detectable nFIT in the 1S and low nFIT in the 2S
had an OR of 4.02 (95% CI: 3.12, 5.19), and those who
are from non-detectable in the 1S rose to high nFIT in
the 2S had an OR of 7.45 (95% CI: 5.67, 9.78). The
highest ORs were found among those who had two
consecutive high nFIT results (OR: 21.75; 95%CI: 12.44,
38.04), those whose FIT results increased from low to
high nFIT (OR: 20.38; 95% CI: 12.82, 32.40) and those
with a high nFIT in the 1S and low nFIT in the 2S (OR:
19.64; 95% CI: 11.95, 32.26). Separate regression models
were performed for men and women with very similar
results and slightly higher OR for men than for women
for those individuals with at least one high nFIT result
in previous screens (data not shown).

4. Discussion

This study shows that among CRC screening partici-
pants with two consecutive FIT negative screens, those
whose FIT results are above the limit of detection ac-
count for less than 15% but amass a greater risk of being
diagnosed afterwards of advanced neoplasia or an IC. In

Table 4

particular, compared with those with non-detectable
nFIT in both previous screens, the probability of being
diagnosed with an IC or an advanced neoplasia in the
following screening ranges between 4 folds for those
with one result between the limit of detection and 9.9 pg
Hb/g feces (low nFIT) and 22 folds for those with both
FIT results between 10 and 19.9 ng Hb/g feces (high
nFIT). The order of these results (1S and 2S) does not
seem to affect the OR for advanced neoplasia and IC,
e.g., ORs around four among those that have one non-
detectable nFIT and one low nFIT, ORs around 7
among those that have one non-detectable nFIT and
one high nFIT, and ORs around 20 among those with
one low nFIT and one high nFIT.

Our results are in line with those of a recent Dutch
study that correlates consecutive negative FIT results
with the future risk of colorectal neoplasia [18]. In this
cohort study with a cut-off point set at 10 ug Hb/g feces,
Grobbee EJ et al. followed up around 8700 screening
uptakers over 8§ years, although less than half partici-
pated in three or more screens. The risk of advanced
neoplasia for those with more than 8 ug Hb/g feces at
the baseline was 8 folds higher than for those with a Hb
concentration of zero, and for those with two consecu-
tive results above 8 pug Hb/g feces, the risk was 14 folds
the risk of those with two results of zero. Our study not
only confirms these results with a much larger popula-
tion but also adds external validity because our data
come from an ongoing population-based screening
program with a cut-off point of 20 ng Hb/g feces which
has not been modified over the study period and is
nowadays the cut-off point for many European pro-
grams [19]. Another study that analysed the relationship
between quantitative fecal Hb in the first screen and the
subsequent incidence of colorectal neoplasia was carried
out in Taiwan and also obtained an increased risk for
those with higher values of below the threshold fecal Hb
[20].

Unlike in breast cancer screening where it is standard
practice that radiologists consult previous mammo-
grams to aid their decision, so far CRC screening pro-
grams take into account only the FIT level of the
incident screen and do not include any further infor-
mation from previous screens. The results of this study
highlight the relevance of previous quantitative FIT

Odds ratios (and 95% confidence intervals) of being diagnosed with either an advanced neoplasia at the third screen or an interval cancer after the
second screen, for each combination of FIT results at the first and second screen (N = 42,524).

FIT, 1st screen FIT, 2nd screen

Non-detectable
Non-detectable 1.00
Low negative FIT 4.00 (2.99—-5.35)
High negative FIT 6.99 (5.06—9.65)

Low negative FIT
4.02 (3.12-5.19)
10.79 (6.97—16.72)
19.64 (11.95—32.26)

High negative FIT
7.45 (5.67-9.78)
20.38 (12.82—32.40)
21.75 (12.44-38.04)

FIT, fecal immunochemical test. Non-detectable comprises FIT values ranging between 0 and 3.8 pg/ml; Low negative FIT, values between 3.9 and

9.9 png/ml; High negative FIT, values between 10 and 19.9 ng/ml.

Multiple logistic regression model adjusted for sex, age and socioeconomic level.
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results and provide useful information to personalise
screening strategies. The usage of three simple categories
of FIT below the threshold, including the non-detectable
one, facilitates the transferability of these results in the
screening programs. Screenees whose previous nFIT
results are associated with a 20-fold increased risk of
advanced neoplasia or IC account for less than 1% of
the total number of screences with negative results,
making it eventually feasible to offer them more inten-
sive screening and preventative options. However, given
the limited colonoscopy capacity and as most of these
neoplasias are diagnosed within those testing positive in
the following round, the focus should be on the poten-
tially preventable ICs and on those no longer screened.
Hence, a reasonable strategy could be to, among those
with two consecutive high nFIT and those with one high
and one low nFIT, reinforce the benefit of participating
to those that fail to do so and to offer screening to those
who are no longer invited (e.g., due to their age).

Among the strengths of this study are the large
population sample, the setting, a running CRC popu-
lation-based screening program in an urban context
with no changes in their organisation over time, and the
availability of socioeconomic status as an adjusting
variable. This study also has several limitations. Only
those with a FIT positive in the 3S were eligible for
colonoscopy and hence could be diagnosed with a
colorectal neoplasia making this study susceptible to
verification bias. Given the observational nature of the
study, we could not address this issue, but future studies
including further screens and longer follow-ups will
approach this aspect. The potential misclassification of
the individual socioeconomic level related to the use of
an ecological deprivation index and the time lag between
calculation of the deprivation index (2001) and the start
of the first round of the program (2009) have been
described in more detail elsewhere [21] and are not likely
to affect the validity of this variable.

4.1. Conclusions

In summary, the results of this study add to the existing
evidence that quantitative FIT results are strongly
associated to the probability of advanced neoplasia by
providing information for screenees with previous
negative tests. The risk of advanced neoplasia and IC
ranges between 4 and 22 folds when the nFIT results of
the previous two screens are above the detection limit of
the test. Those with a risk 10 times or higher account for
less than 2% of the total population of screenees with
two consecutive negative results. Furthermore, the re-
sults of this study could be used in the design of per-
sonalised screening strategies because it uses
information readily available in all programs. Future
studies will address the risk of developing neoplasia
related to FIT under the threshold results, taking into

account the effect of non-participation and longer
follow-ups.
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