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Socioeconomic inequalities in interval
colorectal cancer are explained by
differences in faecal haemoglobin
concentration and age: a register-based

cohort study
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1,2

Marianne Kirstine Thygesen,'? Gunnar Baatrup'?

ABSTRACT

Objective To estimate the risk of interval colorectal
cancer (CRC) in faecal immunochemical test (FIT) negative
screening participants according to socioeconomic status.
Design In this register-based study, first round FIT
negative (<20 pg hb/g faeces) screening participants
(biennial FIT, citizens aged 50—74) were followed to
estimate interval CRC risk. Multivariate Cox proportional
hazard regression models estimated HRs based on
socioeconomic status defined by educational level and
income. Models were adjusted for age, sex and FIT
concentration.

Results We identified 829 (0.7%o) interval CRC in
1160902 individuals. Interval CRC was more common in
lower socioeconomic strata with 0.7%o for medium-long
higher education compared with 1.0%o for elementary
school and 0.4%. in the highest income quartile
compared with 1.2%o in the lowest. These differences
did not translate into significant differences in HR in

the multivariate analysis, as they were explained by FIT
concentration and age. HR for interval CRC was 7.09 (95%
Cl) for FIT concentrations 11.9-19.8 ug hb/g faeces, and
3.37 (95% Cl) for FIT between 7.2 and 11.8 compared
with those <7.2. The HR rose with increasing age ranging
from 2.06 (95% Cl 1.45 t0 2.93) to 7.60 (95% Cl 5.63 to
10.25) compared with those under 55 years.

Conclusion Interval CRC risk increased with decreasing
income, heavily influenced by lower income individuals
more often being older and having increased FIT
concentrations. Individualising screening interval based
on age and FIT result, may decrease interval CRC rates,
reduce the social gradient and thereby increase the
screening efficiency.

INTRODUCTION

Socioeconomic and demographic differ-
ences in colorectal cancer screening partic-
ipation are evident worldwide." Screening
participation is associated with a reduction
in both colorectal cancer mortality and all-
cause mortality in long-term follow-up.” The
higher mortality in non-participants may be

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Population-based colorectal cancer screening has
proven capable of decreasing cause-specific and
all-cause mortality.

= Guidelines recommend that screening programmes
should aim to limit inequalities.

= Social inequalities in colorectal cancer screening
are evident in several stages of the process; faecal
immunochemical test (FIT) participation, correct FIT
sample collection, colonoscopy participation and
risk of incomplete colonoscopy.

WHAT THIS STUDY ADDS

= Social inequalities in interval colorectal cancer are
evident in a National population-based screening
programme using FIT, followed by optical colonos-
copy in FIT positive individuals aged 50—74 years.

= Individuals of lower income are at higher risk of in-
terval colorectal cancer compared with their peers
of higher-income groups.

= Differences in risk between socioeconomic status
subgroups are explained by differences in FIT con-
centration and age.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Population-based colorectal cancer screening pro-
grammes invite citizen based on their age and most
use FIT to determine who is a candidate for optical
colonoscopy.

= Therefore, age and FIT results are easy available in-
formation in all FIT negative screening participants.

= Screening programmes could increase efficiency,
decrease the number of interval colorectal cancers
and potentially limit the social gradient by differen-
tiating the screening interval based on age and FIT
result.

due to higher stages of cancer at diagnosis,
but advanced staged cancers detected in
screening also holds better prognosis than
cancers detected outside screening.’ This
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probably entails an increased mortality risk in lower
socioeconomic subgroups due to their lower participa-
tion rates. European guidelines state that participation
should not be limited by financial barriers and that one
aim of screening is to reduce health inequalities.

Nevertheless, social inequalities are evident in partic-
ipation at both faecal immunochemical test (FIT) and
colonoscopy.” ® The proportion of positive FIT samples
and the risk of a following incomplete colonoscopy
is higher in lower socioeconomic subgroups.” ® Why
this is, has yet to be determined, but it has been estab-
lished that lifestyle and health behaviour affects the
risk of colorectal cancer.” In a North-American study,
socioeconomic status has been identified as a predictor
of the diversity in the colonic microbiota.'” Lifestyle
affects the risk of developing inflammatory bowel disease
(IBD) and, in IBD patients, lifestyle affects the severity
of disease,'" ' while diet may also prevent the develop-
ment of colorectal cancer.'? Further, health behaviour
such as smoking, alcohol and diet varies between socio-
economic subgroups'* '* and may lead to increased risk
of colorectal cancer. Whether this will be reflected in
increased FIT concentrations is unknown. One possible
explanation could be that lifestyle also affects the colonic
microbiota and increases the risk of inflammation in
the colon, entailing vasodilation and increased vascular
permeability, swelling and redness,'® which could then
increase the risk of haemoglobin in the lumen when
faeces come into contact with the mucosal lining.
Further, the cell turnover increases when inflammation
occurs, and the risk of cancers developing increases with
cell proliferation.'”

We know that the risk of interval cancer correlates to
FIT value, sex and age in FIT negative individuals,'™>'
but whether a social gradient in the frequency of interval
cancer exists is yet to be established. One study did
not find statistically significant differences in interval
colorectal cancer rates in FIT negative subjects by socio-
economic score, but was based on only 27 cases.”

We aimed to estimate the risk of interval colorectal
cancer in FIT negative screening participant according
to socioeconomic status.

METHODS

In this register-based study, individuals with a negative
FIT (below 100ng hb/mL buffer equivalent to 20pg
hb/g faeces) in the first round of the Danish Colorectal
Cancer Screening Programme were identified. They were
followed to estimate the risk of interval colorectal cancer
defined as a colorectal cancer diagnosis before the next
screening round. They were followed from the date of
their negative FIT result until next screening invitation,
death, emigration, lost to follow-up or end of follow-up
24 September 2018, whichever came first. The first round
of screening in Denmark was rolled out over 4years
(2014-2017), after which citizens are repeatedly invited
every 2years. Follow-up in our study was therefore limited

to 2years in individuals who were not reinvited within
2years. Individuals lost to follow-up or with missing data
on exposure, outcomes or covariates were excluded from
the analyses.

Registers

All data between registers were linked using the personal
civil registration number assigned to all individuals in
Denmark at birth or when immigrating.

The Danish Colorectal Cancer Screening Database
(DCCSD) provided data on sex, age, date of screening
participation, date of invitations and FIT results. The
DCCSD is a clinical database with high validity for
programme monitoring and research purposes.” It holds
a high level of agreement (>90%) with hospital records,
and receives data directly from the Invitation and Admin-
istration Module (IAM), which automatically plans and
executes individuals’ screening invitation trajectory. IAM
uses the civil registration number, which includes the
date of birth and sex of the citizen. Besides the IAM, the
DCCSD also comprises data from the Danish National
Patient Registry (DNPR) and the National Pathology
registry.

The DNPR provided data on colorectal cancer diag-
noses during follow-up. The DNPR was established in
1977 and holds information on all patient contacts with
Danish hospitals, including diagnoses, procedures, treat-
ments and dates. All diagnoses in the DNPR are regis-
tered using the International classification of Diseases
(ICD) coding. The DNPR is the most comprehensive
register and has since the year 2000 been the basis of
all funding for public hospitals. Therefore, the regis-
trations from public hospitals since then is assumed to
be complete.% Colorectal cancer diagnoses were iden-
tified in the DNPR as ICD-10 codes ‘C18’ or ‘C20°, or
ICD-8 codes ‘15300°, ‘15301°, “15302’, ‘15309°, ‘156319’,
‘15329°, ‘15339’, ‘15380°, ‘15389, ‘15399°, ‘15409’,
‘15410°, ‘15411°, ‘15419’, or ‘15429’. ICD-8 codes were
included in order to identify individuals with previous
colorectal cancer as these were used up until the year
1993.

The Populations Education Registers (PER) provided
data on the highest achieved level of education. The PER
has a reported 0%—-3% misclassifications and in 2008,
97% of the Danish population born between 1945 and
1990 have a registered level of education, but for immi-
grants this figure was lower (85%-90%).%

The Income Statistics Register (ISR) provided data on
personal income. The ISR holds income information on
anyone who has submitted a tax return form in Denmark
and registers anyone economically active in Denmark.
The ISR includes information on wages, entrepreneurial
income, taxes, public transfer payments, public pensions,
capital income, and private pension contributions and
pay-outs. The ISR is complete and holds all registered
income, however, any undeclared income cannot be
covered by the register.”
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Socioeconomic status

Socioeconomic status was assessed for each individual
using educational level and income. These were treated
as two separate exposures. Educational level was iden-
tified as highest level of completed education from the
PER® at baseline and grouped as elementary school,
high school or vocational education, short higher educa-
tion, and medium-long higher education. We consid-
ered income as the annual individual income in the
year previous to the FIT submission as registered in the
ISR.?® We then adjusted for inflation (year 2021) and
categorised income by quartiles within the sample. The
first income quartile was income below DKK208897
(US$28526), the second quartile was DKK208897-
DKK315535 (US$28526-US$43088), the third quartile
was DKK315536-DKK447865 (US$43088-US$77665),
and the forth quartile was above DKK447 865 (US$77 665).

Covariates

Age was included in the models as a categorical variable
grouped as <55, 55-59, 60-64, 65-69 and 70 years or
above. Sex was included as a binary variable. FIT concen-
tration was included as a categorical variable grouped as
<7.2pg hb/g faeces, 7.2-11.8 g hb/g faeces and 11.9-
19.8pg hb/g faeces. Concentrations were reported as
numerical values between below 35-99ng hb/mL buffer
in the DCCDS. This was translated into pg hb/g faeces
resulting in a minimum value reported as below 7.2 and
a maximum value of 19.8 pg hb/g faeces. FIT concentra-
tions were measured in the screening programme using
the OC-Sensor Diana instruments (Eiken Chemical Co,

Japan).

Statistics

Baseline characteristics were compared using the ¥ test.
Multivariate Cox proportional hazards regression models
were conducted, estimating the hazard rate ratio as a
proxy for the risk of interval colorectal cancer based on
socioeconomic status in a simple model including both
income and educational level and in a full multivariate
model additionally adjusting for age, sex and faecal
haemoglobin concentration. The authors discussed
whether faecal haemoglobin concentration was to be
considered a confounder or if it mediated the effect of
socioeconomic status on the risk of interval colorectal
cancer. This discussion arose since, as suggested in the
introduction, lifestyle and health behaviour are asso-
ciated with the risk of colorectal cancer and are also
associated with socioeconomic status. We also know that
lifestyle mediates some, but not all, inequalities in health
related to socioeconomic status.”’ FIT concentration
may, therefore, simply be viewed as a marker of disease,
but could also theoretically act as a proxy for lifestyle
and behaviour in a mediation analysis. We, therefore,
performed a series of regression models, as suggested by
Baron and Kenny,” confirming that faecal haemoglobin
concentration was not a mediator. Schonfeld residuals
were evaluated to confirm the proportional hazards

assumption, and interactions between each covariate
and educational level and income, respectively, were
explored by including interaction terms in the models.
Cross-tables of age group and FIT concentrations strat-
ified by socioeconomic status were provided. Finally,
cumulative incidence proportions curves stratified by the
strongest predictors of interval colorectal cancer were
created. Level of statistical significance was set at 5% and
95% CIs were calculated. Data management and statis-
tical analysis were performed using SAS software V.9.4
(SAS Institute) and R statistical software package V.4.1.3
(R Core Team, Vienna, Austria). Sensitivity analyses were
performed conducting the multivariate regression model
first including the interaction term of educational level
and FIT concentration, then, stratified by FIT concen-
tration, and last, while stratifying the baseline hazard
function by FIT concentration. Further, we conducted
marginal effects analysis exploring the pattern of this
interaction. Marginal effects analysis was conducted in
STATA V.17 (StataCorp. 2021. Stata Statistical Software:
Release V.17, StataCorp).

RESULTS

In Denmark, 1190540 individuals submitted a FIT
sample and had a negative test result in the first round
of screening. Among these, we excluded 4718 (0.40%)
individuals that were registered with previous colorectal
cancer and 88 (0.07%o) individuals that were emigrated
or dead prior to participation. A further 24832 (2.1%)
were excluded due to missing information on socioeco-
nomic status. This left 1160902 (97.5%) individuals for
final analyses, of whom 829 (0.7%o0) were diagnosed with
colorectal cancer before their next screening invitation
(ie, within a maximum of 2years) (figure 1).

Significant differences in the proportions of interval
colorectal cancer among participants were observed
between groups of educational level, income quartiles,
FIT concentrations, sex and age group. Participants with
elementary school as their highest completed educa-
tional level had a higher proportion of interval colorectal
cancer than participants with higher educational levels.
Also, the proportion of interval colorectal cancer
decreased with increasing income. The highest propor-
tions of interval colorectal cancer in the subgroups were
seen in the eldest (1.6%o0) and those with high negative
faecal haemoglobin concentrations (2.1%o and 4.6%o0)
(table 1).

Compared with those with elementary school as their
highest level of education, only those with high school/
vocational education had a significant lower risk of
interval colorectal cancer from the simple model with
an HR 0.83 (95% CI 0.71 to 0.98). The risks of interval
colorectal cancer were significantly lower for those in
the second (HR 0.60,95% CI 0.51 to 0.71), third (HR
0.44,95% CI 0.36 to 0.54) and fourth (HR 0.36,95% CI
0.29 to 0.45) income quartiles compared with those with
the lowest income in the simple model (figure 2).
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4 N\
1,190,540
submitted a first round
negative FIT sample prior to
September 24, 2018

o TTEEEE > . :
- N 4,718 previous colorectal cancer :
i 88 with negative observation time !
1,185,734
eligible for inclusion
~ Vo f.,: 24,832 (2.1 %) excluded 5
- ~ " 19,615 educational level missing '
4,628 income at baseline missing
1,160,902 e
included for final analyses
o | J
1,160,014 (99.9 %) 829 (0.1 %)
No colorectal cancer Interval colorectal
during follow-up cancer

Figure 1 Flow of participants. FIT, faecal immunochemical test.

After adjusting for covariates, the only significant  differences in risk were especially impacted by adjust-
difference in risk for socioeconomic characteristics was ~ ments for FIT concentration and age. Sex also appeared
a decreased risk for second income quartile (HR 0.76, to impact the results but to a lesser degree (figure 3). HR
95% CI 0.64 to 0.91) compared with first quartile. The from the adjusted model were 3.37 (95% CI 2.81 to 4.04)

Table 1 Baseline characteristics stratified by interval colorectal cancer outcome
No interval CRC (%), Interval CRC (%), Total,

Variable Subgroup n=1160073 n=829 n=1160902 P value
Educational Elementary school 273585 (99.9) 262 (1.0) 273847
level High school/vocational 526835 (99.9) 357 (0.7) 527192

Short higher 272977 (99.9) 152 (0.6) 273129

Medium-long higher 86676 (99.9) 58 (0.7) 86734 <0.001
Income 1st quartile 286274 (99.9) 350 (1.2) 286624

2nd quartile 289176 (99.9) 207 (0.7) 289383

3rd quartile 291675 (99.9) 148 (0.5) 291823

4th quartile 292948 (100.0) 124 (0.4) 293072 <0.001
FIT <7.2pg hb/g faeces 1061440 (99.9) 551 (0.5) 1061991
concentration  7.2-11.8ug hb/g faeces 70227 (99.8) 148 (2.1) 70375

11.9-19.8 ug hb/g faeces 28406 (99.5) 130 (4.6) 28536 <0.001
Sex Female 633880 (99.9) 413 (0.7) 634293

Male 526193 (99.9) 416 (0.8) 526609 0.006
Age <55 years 315678 (100.0) 55 (0.2) Billoi383

55-59 years 206014 (100.0) 71 (0.3) 206085

60-64 years 202699 (99.9) 115 (0.6) 202814

65-69 years 208501 (99.9) 226 (1.1) 208727

>69 years 227181 (99.8) 362 (1.6) 227543 <0.001

CRC, colorectal cancer; FIT, faecal immunochemical test; hb, haemoglobin.
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Variable Subgroup HR 95%CI P-value
Educational  Elementary school Ref
level High school/vocational 0.83 — [0.71;0.98] 0.025
Short higher 0.82 — [0.67;1.01] 0.064
Medium-long higher 117 —— [0.87;1.59] 0.303
Income 1st quartile Ref
quartiles 2nd quartile 0.60 — [0.51;0.71] <0.001
3rd quartile 0.44 —— [0.36;0.54] <0.001
4th quartile 0.36 —— [0.29;0.45] <0.001
| 1 I 1
0.0 0.5 1.0 1.5 20

Figure 2 Risk of interval colorectal cancer based on socioeconomic characteristics from a simple cox proportional hazards
regression model including educational level and income quartiles in the same model.

for FIT concentrations 7.2-11.8pg hb/g faeces, and
7.09 (95% CI 5.85 to 8.59) for FIT concentrations 11.9—
19.8pg hb/g faeces compared with those with <7.2pg
hb/g faeces. Compared with those under 55 years, the
age groups were all at significantly increased risk of
interval colorectal cancer, with HR 2.06 (95% CI 1.45 to
2.93), 3.24 (95% CI 2.34 to 4.48), 5.70 (95% CI 4.20 to
7.75) and 7.60 (95% CI 5.63 to 10.25), respectively. Males
were at increased risk compared with females (HR 1.16,
95% CI 1.01 to 1.33) in the adjusted model (figure 3).
The only statistically significant interaction found was
between educational level and FIT concentration, leading
to a series of sensitivity analyses. Results from the sensi-
tivity analysis with the inclusion of the interaction term
of educational level and FIT concentration did not differ
significantly from results presented in figure 3 (online
supplemental appendix A, figure Al). The multivariate
regression model stratified by FIT concentration did not
reveal any significant differences in HRs for educational
levels across the strata (online supplemental appendix A,
figure A2) and the model stratifying the baseline hazard

Variable Subgaroup HR
Educational Elementary school Ref
level High school/vocational 0.89
Short higher 0.85
Medium-long higher 1.10
Income 1st quartile Ref
quartiles 2nd quartile 0.76
3rd quartile 0.87
4th quartile 0.83
FIT concentration <7.2 ug hb/g faeces Ref
7.2-11.8 ug hb/g faesces 3.37
11.9-19.8 ug hb/g faeces 7.09
Sex Female Ref
Male 1.16
Age (years) Under 55 Ref
55-59 2.06
60-64 3.24
65-69 5.70
70 or older 7.60

function by FIT concentration resulted in HRs equal to
those of figure 3 (first decimal). The marginal effects
analysis did not reveal a pattern of differing effects on
the predicted HRs across educational levels from FIT
concentrations (online supplemental appendix A, figure
A3).

Larger proportions of individuals of lower socio-
economic status were seen in groups of increased FIT
concentrations and higher age groups. For example, the
proportions of individuals with FIT concentration 11.9-
19.8 g hb/g faeces were 1.8% for highest income quar-
tile, increasing to 2.1%, 2.8% and 3.1% with decreasing
income quartiles. Similar, proportions of individuals
in the oldest group were 6.4% for the highest income
quartile, increasing to 10.5%, 23.9% and 38.1% with
decreasing income quartiles (table 2).

The cumulative incidence proportion curves illustrates
how individuals aged 60 or older while also having an
increased FIT concentration (7.2-19.8pg hb/g faeces)
were at significantly increased risk of interval colorectal
cancer even before 100 days had passed since FIT result,

95%ClI P-value

[0.76;1.05] 0.164
[0.69;1.05] 0.128
- [0.81;1.50] 0.528
[0.64;0.91] 0.003
[0.70;1.07] 0.187
[0.65;1.06] 0.142
—— [2.81;4.04] <0.001
— [6.85;8.59] <0.001
- [1.01;1.33] 0.042
—— [1.452.93] <0.001
— [2.34;4.48] <0.001
—_— [4.20;7.75] <0.001
—_— [5.63;10.25] <0.001

T T T T 1

2 4 6 8 10

Figure 3 Risk of interval colorectal cancer based on socioeconomic characteristics and covariates from an adjusted cox
proportional hazards regression model. FIT, faecal immunochemical test; hb, haemoglobin.

Deding U, et al. BMJ Open Gastro 2023;10:¢001113. doi:10.1136/bmjgast-2023-001113

1ybuAdos Ag paroalold
‘Areiaq) Aussaniun Biogley 1e £20¢ ‘62 AelA Uo /wod fwig-onsebuadolway/:dny woly papeojumod ‘€202 AeN G2 U0 £TTT00-£202-1seblwa/oeTT 0T se paysignd 1siy :joislusonses) uado NG


https://dx.doi.org/10.1136/bmjgast-2023-001113
https://dx.doi.org/10.1136/bmjgast-2023-001113
https://dx.doi.org/10.1136/bmjgast-2023-001113
https://dx.doi.org/10.1136/bmjgast-2023-001113
https://dx.doi.org/10.1136/bmjgast-2023-001113
https://dx.doi.org/10.1136/bmjgast-2023-001113
http://bmjopengastro.bmj.com/

I

Open access

Table 2 Socioeconomic characteristics stratified by faecal haemoglobin concentration and age groups

Faecal haemoglobin concentration

Socioeconomic
characteristic

Educational level
Elementary school
High school/vocational
Short higher
Medium-long higher

<7.2pg hb/g faeces (%),

n=1061991

246654 (90.1)
481334 (91.3)
252886 (92.6)
81117 (93.5)

Income

1st quartile 257958 (90.0)

2nd quartile 262082 (90.6)

3rd quartile 269084 (92.2)

4th quartile 272867 (93.1)

Socioeconomic Age group

characteristic Under 55 (%),  55-59 (%),
n=315733 n=206 085

Educational level

Elementary school 51163 (18.7) 45137 (16.5)

High school/vocational 154673 (29.3) 92217 (17.5)

Short higher 80409 (29.4) 52038 (19.1)

Medium-long higher 29488 (34.0) 16693 (19.2)

Income

1st quartile 27733 (9.7) 20998 (7.3)

2nd quartile 52885 (18.3) 40721 (14.1)

3rd quartile 106986 (36.7) 71225 (24.4)

4th quartile 128129 (43.7) 73141 (25.0)

compared with individuals that are either below the age
of 60 years or has an FIT concentration below 7.2, or
both. After 2years of follow-up, the cumulative incidence
proportion was more than fivefold higher in the high
risk group compared with low risk (figure 4). Cumulative
incidence proportion curves illustrating the differences
between age groups and FIT concentrations explicitly
are included in online supplemental appendix A, figure
A4,Ab.

DISCUSSION

Social inequalities in interval colorectal cancer inci-
dence were evident in the Danish Colorectal Cancer
Screening programme, where interval cancers occurred
more often in those with lower income. However, this
association seems to be carried by an overrepresenta-
tion of older individuals and individuals with detectable
faecal haemoglobin concentrations of 7.2 pg hb/g faeces
or more in the lower income quartiles, as shown from
the full multivariate regression analysis. No significant
inequality was seen based on educational level from the
adjusted regression model, whereas high school/voca-
tional education held a significantly lower risk of interval

7.2-11.8ug hb/g faeces (%), 11.9-19.8pug Total,
n=70375 hb/g faeces n=1160902
(%), n=28536
19143 (7.0) 8050 (2.9) 273847
32504 (6.2) 13354 (2.5) 527192
14688 (5.4) 5555 (2.0) 273129
4040 (4.7) 1577 (1.8) 86734
19897 (6.9) 8769 (3.1) 286624
19082 (6.6) 8219 (2.8) 289383
16607 (5.7) 6132 (2.1) 291823
14789 (5.0) 5416 (1.8) 293072
60-64 (%), 65-69 (%), >70 (%), Total,
n=202814 n=208727 n=227 543 n=1160902
48477 (17.7) 52042 (19.0) 77028 (28.1) 273847
88013 (16.7) 96142 (18.2) 96147 (18.2) 527192
51132 (18.7) 46890 (17.2) 42660 (15.6) 273129
15192 (17.5) 13653 (15.7) 11708 (13.5) 86734
40678 (14.2) 88029 (30.7) 109186 (38.1) 286624
64041 (22.1) 62625 (21.6) 69111 (23.9) 289383
50081 (17.2) 32918 (11.3) 30613 (10.5) 291823
48014 (16.4) 25155 (8.6) 18633 (6.4) 293072

cancer compared with elementary school in the simple
model. In both models, a u-shaped pattern of the HRs
was evident for educational level. Even though lifestyle
and socioeconomic status in general holds a relationship
of the higher the status the healthier the lifestyle, for
some specific lifestyle choices, the pattern may be more
u-shaped. As an example, alcohol intake is higher in
the lowest and highest socioeconomic subgroups of the
Danish population, while at the same time being a risk
factor for colorectal cancer development.”*
Interaction, mediation and marginal effects analyses
did not indicate that the FIT concentration mediated
the association between educational level and interval
colorectal cancer. Even though it may seem plausible that
income and age interacts, as individuals with increasing
age have a higher likelihood of withdrawal from the
work force, we did not find other significant interactions
in the model. As FIT concentration and age is not used
to determine screening interval, this means that indi-
viduals of lower income are by proxy at higher risk of
interval colorectal cancer. We found that interval cancers
were more common in men than women, contradicting
previous finding from a Scottish sample,” although they
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Figure 4 Cumulative incidence proportion curves of interval colorectal cancer stratified by risk predictors identified in
multivariate cox proportional hazard regression model. Definitions: Increased FIT concentration, 7.2-19.8 pug hb/g faeces;
increased age, 60 years or older. FIT, faecal immunochemical test; hb, haemoglobin.

used the guaiac-based faecal occult blood test (gFOBT)
rather than the FIT as in the current study. This may affect
the results if the FIT is more sensitive (compared with
gFOBT) to leftsided cancers as opposed to right sided,
as right-sided cancers were more common in women.?!
In the Dutch screening programme where the FIT is also
employed, a higher incidence rate of interval cancers
was seen in males compared with females™ comparable
to what we found. Regardless of which FIT positivity
threshold is applied in screening, some cancers and
precursor lesion will be missed. The threshold used in
National screening programmes varies from 15 to 180 pg
hb/g faeces (75-900ng hb/mL buffer) between Euro-
pean countries with FIT-based screening.” A negative FIT
result carries the risk of false reassurance® and neglect of
symptoms. This could lead to a later stage cancer at time
of diagnosis. It has been shown that interval cancers have
a higher stage than screening detected cancers,? and
stage at diagnosis is strongly associated with mortality.”
To have the risk of false reassurance and risk of higher
cancer stage at diagnosis differentiate between socioeco-
nomic subgroups seems counterproductive in screening
programmes that by European guidelines should aim to
decrease inequalities in health.* Only one other study
investigating the association between socioeconomic
status and interval cancers was identified. The authors
did not report any significant differences in interval
cancer rate between socioeconomic subgroups in the FIT

negative arm of their trial.** This may be either due to
their low number of cases (n=27), due to their estimation
of socioeconomic status relying on postal code means
rather than individual assessments, or because no socio-
economic differences in interval colorectal cancer exists
in the Netherlands. They did not adjust for age and FIT
concentration, although with the power available it prob-
ably would not change the significance of their findings.

This register-based study enabled the inclusion of a
large sample, needed for analyses of this rare outcome
(0.71%0 in our sample with 2years follow-up, and
1.72%o0 in the Dutch sample with up to 2.3 years of
follow—up).22 The Danish National registers enable us
to identify individual socioeconomic characteristics
rather than relying on means of geographical area,
which is often a limitation. The average age of retire-
ment from the work force in Denmark is approximately
65 years old. As our measure of socioeconomic status
relies on income the year before participation, there is
a risk of pensioners with a low income but great wealth
being categorised as lower socioeconomic status. As we
included age groups in the full multivariate regression
model, this possible bias will be limited to the results of
the simple model. The results from the current study
are limited to the first round of screening, and future
research would need to confirm whether they can be
generalised to consecutive rounds of colorectal cancer
screening.
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Most colorectal cancer screening programmes are
targeting individuals based on their age, and usually
within the range of 45-80 years. In programmes using the
FIT as a first screening tool, a threshold must be deter-
mined. Therefore, all FIT-based screening programmes
will have information on individual age and FIT concen-
tration at participation. This information could possibly
be used to individualise screening intervals according
to risk of interval cancer. By decreasing the interval in
high-risk individuals (eg, individuals above the age of 60
with an increased FIT concentration), we may be able
to limit the number of interval cancers and decrease
the social gradient. If at the same time the interval
is increased in low-risk individuals, this can be done
without adding additional FIT and colonoscopies to the
screening programme, which would affect the cost of the
programmes. The latter part would go against the guide-
lines, recommending that the interval should not exceed
2years, but this is based on a low level of evidence,4
which does not take individual risk assessment into
account. Alternatively, the FIT concentration threshold
for positivity could be differentiated by age. A recently
published Dutch protocol describes how they aim to
tailor personalised screening intervals based on prior
faecal haemoglobin concentrations in the PERFECT-FIT
trial.” The results from that trial will hopefully shed light
on the effects of such a strategy, both in terms of clin-
ical outcomes, social inequalities and cost-effectiveness.
By employing a ‘one screening interval fits all’ strategy,
we are leaving valuable and easy accessible information
unused.

CONCLUSION

In a large sample of FIT negative screening participants,
the proportion of interval colorectal cancer increased as
income decreased. This was explained by the association
of lower income individuals more often being of older
age and having higher, yet negative, FIT concentrations
than those with higher income. We propose individual-
ising the screening interval in FIT negative participants,
based on individual risk assessments from age and FIT
concentration in order to decrease the total number of
interval cancers while limiting the social gradient while
likely increasing the overall efficiency of the programme.
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