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Summary
Background: Previous research indicates that the increased relative risk of colorectal 
cancer (CRC) in inflammatory bowel disease (IBD) is limited to young- onset IBD.
Aim: To estimate risks of incident CRC and death from CRC in elderly- onset IBD
Methods: Patients diagnosed with IBD at age ≥ 60 years between 1969 and 2017 
were identified using Danish and Swedish National Patient Registers and histopa-
thology data. We linked data to Cancer and Causes of Death Registers and used Cox 
regression to estimate hazard ratios (HRs) for CRC diagnosis and death compared to 
matched (by sex, age, and region) IBD- free individuals.
Results: Among 7869 patients with Crohn's disease followed for 54,220 person- years, 
and 21,224 patients with ulcerative colitis (UC) followed for 142,635 person- years, 
2.10% and 1.90% were diagnosed with CRC, compared to 2.26% and 2.34% of refer-
ence individuals (median follow- up 6 and 7 years). The incidence of CRC was elevated 
during the first year after IBD diagnosis: 4.36 (95% CI = 3.33– 5.71) in Crohn's disease 
and 2.48 (95% CI = 2.03– 3.02) in UC, but decreased after the first year of follow- up: 
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1  | INTRODUC TION

Existing evidence has established an increased risk of colorectal can-
cer (CRC) in patients with inflammatory bowel disease (IBD) both 
overall,1 and separately in patients with Crohn's disease (CD)2 and ul-
cerative colitis (UC).3– 5 The risk of CRC is higher in IBD patients with 
extensive disease,1,3,4 a family history of CRC,6 primary sclerosing 
cholangitis (PSC),7 and long disease duration.1,3 Current endoscopic 
surveillance programmes thus recommend varied colonoscopy in-
tervals according to the presence of risk factors.8,9

When examining risks of CRC in relation to age at diagnosis, the 
highest relative risks of CRC has been reported for patients diag-
nosed with IBD at <30 years of age.1 The relative risk is significantly 
lower for patients with adult- onset IBD.1,2,4 Approximately 4%– 21% 
of patients with CD and 11%– 25% of patients with UC are diagnosed 
at an elderly age (≥60– 61 years).10– 14 For elderly patients, the un-
derlying CRC risk is inherently higher than in younger patients, but 
the incidence of CRC in those with IBD has not been reported to 
be increased compared to age- matched peers without IBD, based 
on population- based studies conducted in the 2000s15– 18 (Table S1).

Although most studies found no excess incidence of CRC in pa-
tients with elderly- onset IBD, cancer surveillance programmes do 
not take age of onset into account when establishing surveillance 
intervals.9,19 The aim of the current study was to examine the risk of 
CRC diagnosis and death in a large cohort of individuals with elderly- 
onset (60+ years) CD and UC, compared to matched reference in-
dividuals from the general population. This approach was taken to 
identify subgroups of elderly patients that might benefit from en-
hanced surveillance endoscopy.

2  | METHODS

2.1 | Setting and data sources

Denmark and Sweden are high- income countries with populations 
of 5.720 and 10.1 million persons,21 respectively, as of 2017. In both 
countries, healthcare is tax- funded, access to care is universal,21 
and the personal identity number assigned to each resident allows 
for linkage of registers containing national data on demographics, 
morbidity, mortality and histopathology, with virtually no loss to 
follow- up22 (Table S2). Patients with IBD typically are followed by 

gastroenterologists in hospital- based outpatient clinics. Guidelines 
for CRC surveillance in IBD patients were implemented in 2014 in 
Denmark23,24 and 1995 in Sweden.25

2.2 | Participants

2.2.1 | Patients with elderly- onset IBD

We used International Classification of Diseases (ICD) codes (Table S3) 
in the National Patient Register to identify IBD cases (CD or UC) 
with onset at age 60 years or older from January 1979 to December 
2011 in Denmark and January 1969– December 2017 in Sweden. We 
required either two records of IBD in the National Patient Registers 
(positive predictive value [PPV] = 93% in Sweden26– 28 and = 90% in 
Denmark29) or one record of IBD in a National Patient Register com-
bined with a biopsy suggestive of IBD from the Swedish ESPRESSO 
Biopsy Register (PPV = 95%)30,31 or the Danish Pathology Register.32 
IBD could be identified only through inpatient data until 1995 in 
Denmark and until 2001 in Sweden. Thus individuals identified in 
2001 and 2002 represent a mix of incident and prevalent cases. For 
this reason, we performed supplementary analyses restricted to in-
cident cases during 2003– 2017. Patients who had a CRC diagnosis or 
had undergone any type of colectomy before the start of follow- up 
were excluded from the analyses.

2.2.2 | Matched reference individuals

For each patient, we identified up to 10 reference individuals 
from the National Population Registers of the two countries33 and 
matched them to the patients by sex, age and place of residence. 
The reference individuals had to be free of CRC and IBD and had 
not undergone colectomy at the start of follow- up of their matched 
case. During the study period, the absolute majority of reference 
individuals had not been subject to CRC screening.

2.3 | Covariates

We assessed patients by age (60– 69, 70– 79 and ≥80 years) 
and calendar period of IBD diagnosis (1969– 1976, 1977– 1989, 

0.69 (95% CI = 0.56– 0.86) and 0.78 (95% CI = 0.69– 0.88). Once diagnosed with CRC, 
the risk of CRC death was similar for IBD patients and the general population.
Conclusion: The excess risk of CRC in elderly- onset IBD was probably due to bias 
and not observed beyond the first year. From 2010, the HR for CRC diagnosis more 
than 1 year after initial IBD diagnosis was lower than in the largely unscreened refer-
ence population, supporting the benefit of endoscopic screening and surveillance in 
patients with IBD.
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1990– 2002 and 2003– 2017). Extent and location of disease were 
categorised according to the Montreal classification (Table S4),34 
as were PSC and other extraintestinal manifestations (skin, eyes 
and joints) (Table S5). Colectomies were captured through surgery 
codes (Table S6)35 and endoscopies through procedure codes 
(Table S7).

2.4 | Outcomes

Our main outcomes were incident CRC diagnosis (from the National 
Cancer Registers in Sweden and Denmark) and CRC death (main or 
contributory cause of death in the National Cause of Death registers 
in Sweden and Denmark). Secondary outcomes were cancer location 
(Table S8), and stage (available from 2003).

2.5 | Statistical analysis

Follow- up of patients began on the date when inclusion criteria were 
met and on the same date for individually matched reference indi-
viduals. Follow- up ended at death, emigration, proctocolectomy or 
end of follow- up (31 December 2011 in Denmark and 31 December 
2017 in Sweden), whichever came first. In analyses of incident CRC, 
follow- up ended at the time of the first CRC diagnosis. A patient 
who had a colectomy with an intact rectum was considered at risk of 
rectal cancer until proctectomy.

We assessed incidence proportions and crude incidence rates 
(number of CRC diagnoses and deaths by person- time at risk). 
Analyses were stratified by sex, age at IBD diagnosis, calendar pe-
riod of diagnosis and follow- up time. In stratum- specific analyses 
of UC extent, CD location, PSC and other extraintestinal manifes-
tations, follow- up started on the date of the first corresponding 
register record for an IBD patient and on the same date for the indi-
vidually matched reference individuals. We also performed separate 
analyses stratified by CRC location.

We used Cox regression, adjusted for age at IBD diagnosis, sex, 
birth year and country, to calculate hazard ratios (HRs) with 95% 
confidence intervals (CIs) for CRC diagnosis and death in patients 
compared with reference individuals. Log- minus- log curves and 
Schoenfeld residuals were used to test the proportional hazards 
assumption. To examine associations between CRC diagnosis and 
causes of death, we specified a multistate model via a series of Cox 
models. This allowed us to estimate cause- specific HRs of a CRC di-
agnosis, CRC death and other causes of death, comparing patients 
with IBD to matched reference individuals and also adjusting for 
CRC tumour stage (I– IV).

We estimated calendar time trends of HRs for CRC diagnosis 
and CRC death. We also estimated HRs for CRC diagnoses and CRC 
deaths in patients potentially eligible for CRC surveillance accord-
ing to current guidelines in the Nordic countries (i.e., IBD duration 
≥8 years or concomitant PSC).17,18

2.5.1 | Ethics

The study was approved by the Regional Ethics Committee in 
Stockholm (Dnr 2007/785- 31/5, 2011/1509- 32, 2014/1287- 31/4, 
2015/0004- 31 and 2016/192- 31/2) and the Danish Data Protection 
Agency. Individual informed consent was not required in this solely 
register- based study.36

3  | RESULTS

3.1 | Participants

We identified 29,093 patients with IBD onset at age 60 years or 
older in Denmark and Sweden during 1969– 2017, and 280,185 
matched reference individuals (Figure S1). Median age at IBD diag-
nosis was 69 years (IQR 64– 76 years) in the 7869 patients with CD, 
and 70 years (65– 76 years) in the 21,224 patients with UC. The ma-
jority were women: 57% of CD cases and 51% of UC cases. Median 
follow- up time was 6 years for patients and 7 years for reference in-
dividuals, and 27% of patients were followed for 10 years or longer. 
By the end of follow- up, 1.3% of patients with CD or UC had a diag-
nosis of PSC (Table 1).

3.2 | Outcome data

Before the start of follow- up, 734 patients with IBD and 4226 
reference individuals were excluded because of a prior CRC di-
agnosis, and 72 patients with IBD and 23 reference individuals 
were excluded due to previous colectomy (Figure S1). During 
54,220 person- years of follow- up, 165 patients with CD (2.10%) 
were diagnosed with CRC, while during 623,407 person- years 
of follow- up 1713 reference individuals (2.26%) were diagnosed 
with CRC. Patients with UC were followed for 142,635 person- 
years, with 404 (1.90%) diagnosed with CRC. Among their refer-
ence subjects, 4776 individuals (2.34%) were diagnosed with CRC 
during 1,629,717 person- years of follow- up. CRC was the main or 
contributory cause of death in 1.45% of patients with CD versus 
1.29% of their reference population. CRC was the main or contrib-
utory cause of death in 1.10% of patients with UC versus 1.25% of 
their reference population (Tables 2 and 3).

The cumulative incidence proportion of CRC diagnosis during the 
first year of follow- up was higher in patients with CD (95%CI 1.01% 
[0.78– 1.24])and UC (0.60% [0.49– 0.70]) than in the reference popu-
lation (0.24% [0.21– 0.28] and 0.25% [0.23– 0.27]). Ten-  and 20- year 
cumulative incidences were similar for patients and their reference 
population (overlapping CIs), but with lower point estimates for the 
patients. The cumulative incidence of CRC deaths in both CD and UC 
patients was lower than the cumulative incidence of CRC diagnoses 
but followed the same pattern of decreasing excess risk with longer 
follow- up (Tables 2 and 3).
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TA B L E  1   Characteristics at baseline and end of follow- up for all patients with Crohn's disease and ulcerative colitis in Sweden (1969– 
2017) and Denmark (1977– 2011) and reference individuals from the general population matched on sex, age and place of residence. 
Numbers are n (%) unless otherwise stated

Crohn's disease Ulcerative colitis

Patients Reference individuals Patients
Reference 
individuals

Total 7869 (100) 75,654 (100) 21,224 (100) 204,531 (100)

Denmark 2143 (27.2) 20,854 (27.6) 7956 (37.5) 77,552 (37.9)

Sweden 5726 (72.8) 54,800 (72.4) 13,268 (62.5) 126,979 (62.1)

Sex

Female 4469 (56.8) 43,119 (57.0) 10,828 (51.0) 104,530 (51.1)

Male 3400 (43.2) 32,535 (43.0) 10,396 (49.0) 100,001 (48.9)

Age at first diagnosis (years)

Median (IQR) 69 (64– 76) 69 (64– 76) 70 (65– 76) 70 (65– 76)

60– 69 4171 (53.0) 39,838 (52.7) 10,625 (50.1) 101,947 (49.8)

70– 79 2683 (34.1) 25,782 (34.1) 7620 (35.9) 73,471 (35.9)

≥80 1015 (12.9) 9474 (12.5) 2979 (14.0) 27,977 (13.7)

Year of first IBD diagnosis

2003– 2017 4084 (51.9) 39,675 (52.4) 10,783 (50.8) 104,712 (51.2)

1990– 2002 2690 (34.2) 25,825 (34.1) 7787 (36.7) 75,093 (36.7)

1977– 1989 919 (11.7) 8547 (11.3) 2267 (10.7) 21,238 (10.4)

1969– 1976 176 (2.2) 1607 (2.1) 387 (1.8) 3488 (1.7)

Age at end of follow- up (years)

Median (IQR) 79 (73– 85) 80 (73– 86) 79 (74– 85) 80 (74– 86)

60– 69 1230 (15.6) 10,436 (13.8) 2879 (13.6) 25,509 (12.5)

70– 79 3128 (39.8) 27,511 (36.4) 8327 (39.2) 74,928 (36.6)

≥80 3511 (44.6) 37,706 (49.8) 10,018 (47.2) 104,093 (50.9)

Length of follow- up (years)

Mean (SD) 7 (6) 8 (6) 7 (6) 8 (6)

Median (IQR) 6 (2– 10) 7 (3– 12) 6 (2– 11) 7 (3– 12)

Min- Max 0– 33 0– 48 0– 42 0– 47

0 to <1 1151 (14.6) 6071 (8.0) 2723 (12.8) 16,272 (8.0)

1 to <5 2415 (30.7) 22,094 (29.2) 6642 (31.3) 61,695 (30.2)

5 to <10 2198 (27.9) 22,116 (29.2) 5987 (28.2) 59,987 (29.3)

10 to <20 1834 (23.3) 21,107 (27.9) 5269 (24.8) 57,447 (28.1)

20 271 (3.4) 4266 (5.6) 603 (2.8) 9130 (4.5)

Montreal classification of location at end of follow- up

N classified 6812 NA NA NA

L1/L3/LX (terminal ileum/ileocecal/not 
defined)

4801 (61.0) NA NA NA

L2 (colon) 2011 (29.5) NA NA NA

Perianal 257 (3.8) NA NA NA

Montreal Classification of extent at end of follow- up

N classified NA NA 18,584 NA

E1 (ulcerative proctitis) NA NA 2245 (12.1) NA

E2 (left sided UC) NA NA 3009 (16.2) NA

E3 (extensive UC) NA NA 6482 (34.9) NA

EX (extent not defined) NA NA 6848 (36.8) NA

(Continues)
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Colectomy with or without proctectomy in the absence of a CRC 
diagnosis was more common in Denmark than in Sweden (cumulative 
20- year incidence in CD patients was 5% in Denmark vs 3% in Sweden 
and in UC patients 12% in Denmark vs 10% in Sweden) (Figure S2).

3.3 | CRC by location, including the first year of 
follow- up

Compared to the reference population, the HR of a CRC diagnosis 
at any location was not elevated in patients with elderly- onset CD 
(1.12 [0– 96- 1.32]) or UC (0.98 [0.88– 1.08]). However, the HR for 
colon cancer was increased in patients with CD (1.48 [95% CI: 1.25– 
1.75]), while the HR for rectal cancer was decreased (0.33 [95% CI: 
0.20– 0.55]) (Figure 1, Table S9). The overall HR for CRC death was 
increased only in CD patients (1.43 [95% CI: 1.18– 1.74]), driven by 
colon cancer (1.70 [95% CI: 1.38– 2.10]) but not rectal cancer (0.73 
[95% CI: 0.44– 1.20]). In CD patients, the HR of a CRC diagnosis and 
death by calendar year of IBD onset was U- shaped, with increased 
HRs both during earlier calendar periods (1969– 1979) and during 
later calendar periods (2003– 2017). In contrast, the HR in UC pa-
tients was increased only during earlier calendar years of disease 
diagnosis (1969– 1976) (Figure 1). After stratifying for tumour loca-
tion within the large bowel, HRs for CRC diagnosis and death in both 
CD and UC were increased mainly for proximal tumours and tumours 
with an undefined location (Table S10).

3.4 | Competing risks and adjustment for 
tumour stage

We used a multi- state model to compute HRs for transitions from 
the start of follow- up until CRC diagnosis, CRC death and other 
death. Both in patients with CD and UC, the cause- specific HRs 
were increased for the transitions from the start of follow- up to CRC 
death and from the start of follow- up to other death, but not from 
the start of follow- up to CRC diagnosis compared to the matched 
reference population (Figure 2, Table S12). In a comparison of IBD 
patients diagnosed with CRC with reference individuals also diag-
nosed with CRC, the crude HR of CRC death since 2003 was not 
increased (0.89 [95% CI: 0.73– 1.09]). The distribution of cancer 
stage also was similar between patients with CD and their reference 

individuals (Table S11). Patients with UC were more often diagnosed 
with stage I CRC than the reference population (20% vs 11%) and 
less frequently with stage IV CRC (8.5% vs 17%). After adjustment 
for cancer stage, the HR for CRC death was increased for patients 
with UC (1.30 [95% CI: 1.01– 1.68]), but not for patients with CD 
(0.90 [95% CI: 0.63– 1.28]).

3.5 | CRC over follow- up time

When plotting the incidence rate of CRC in relation to the start of 
follow- up, we observed an extreme increase in CRC cases during the 
months just before and after IBD diagnosis among IBD patients, but 
a constant CRC incidence in the reference population (Figure 3). The 
HR for a CRC diagnosis was 4.36 (95% CI: 3.33– 5.71) in CD patients 
and 2.48 (95% CI: 2.03– 3.02) in UC patients during the first year of 
follow- up (Figure 1). When the first year of follow- up was excluded, 
the HR for CRC diagnosis was decreased in IBD patients compared 
to the reference population: 0.69 (95% CI: 0.56– 0.86) for CD pa-
tients and 0.78 (95% CI: 0.69– 0.88) for UC patients. The HR for CRC 
death was 4.89 (95% CI: 2.94– 8.12) for CD patients and 3.16 (95% 
CI: 2.14– 4.66) for UC patients during the first year after their IBD 
diagnosis (Figure 1). It was not significantly increased when the first 
year of follow- up was excluded.

3.6 | CRC beyond the first year of follow- up and 
CRC in IBD patients eligible for CRC surveillance

In additional analyses, we excluded the first year of follow- up. Over 
succeeding calendar periods up to the end of follow- up, the HR 
for CRC diagnosis and death decreased for patients with UC from 
the 1990s to 2005 but remained unchanged for patients with CD 
(Figure 4). Starting in 2010, the HR for CRC diagnosis (but not the 
HR for CRC death) remained below 1 in both CD and UC patients, 
compared to the reference population.

In patients with CD who were eligible for CRC surveillance (i.e., 
patients followed ≥8 years or diagnosed with PSC), the HR for CRC 
diagnosis was lower than in the reference population (HR 0.61 [95% 
CI: 0.42– 0.88]). In patients with UC who were eligible for CRC sur-
veillance, the HR for CRC diagnosis was similar to that in the refer-
ence population (HR 0.93 [95% CI: 0.77– 1.12]). The HR of CRC death 

Crohn's disease Ulcerative colitis

Patients Reference individuals Patients
Reference 
individuals

Extraintestinal manifestations at end of follow- up

N classified 7654 NA 20,649 NA

Primary sclerosing cholangitis 97 (1.3) NA 278 (1.3) NA

Other extraintestinal manifestations 888 (11.3) NA 1638 (7.7) NA

Abbreviations: IQR, interquartile range; N, number, NA, not applicable; SD, standard deviation.

TA B L E  1   (Continued)
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TA B L E  2   Absolute incidence rates of colorectal cancer diagnoses per 1000 person- years (95% confidence intervals) in incident cases of 
inflammatory bowel disease cases and matched reference individuals from the general population

Colorectal cancer diagnosis

Crohn's disease Ulcerative colitis

Patients Reference Patients Reference

N total 7869 75,654 21,224 204,531

N events 165 1713 404 4776

Incidence proportion (percent) 2.10 2.26 1.90 2.34

1- year cumulative incidence 1.01 (0.78– 1.24) 0.24 (0.21– 0.28) 0.60 (0.49– 0.70) 0.25 (0.23– 0.27)

5- year cumulative incidence 1.79 (1.46– 2.11) 1.23 (1.14– 1.32) 1.29 (1.11– 1.46) 1.32 (1.26– 1.38)

10 year cumulative incidence 2.46 (2.03– 2.89) 2.65 (2.49– 2.80) 2.50 (2.20– 2.79) 2.83 (2.73– 2.92)

20 year cumulative incidence 5.25 (3.77– 6.71) 5.85 (5.47– 6.23) 5.81 (4.87– 6.75) 6.21 (5.96– 6.46)

Person- years 54,220 623,407 142,635 1,629,717

ev, IR (95% CI)a ev, IR (95%CI)a ev, IR (95%CI)a ev, IR (95%CI)a

Total, incidence rate (95% CI) 165, 3.04 (2.61– 3.54) 1713, 2.75 (2.62– 2.88) 404, 2.83 (2.57– 3.12) 4776, 2.93 (2.85– 3.01)

Denmark 48, 3.79 (2.85– 5.02) 529, 3.66 (3.36– 3.99) 152, 3.30 (2.81– 3.87) 1895, 3.75 (3.58– 3.92)

Sweden 117, 2.82 (2.35– 3.38) 1184, 2.47 (2.34– 2.62) 252, 2.61 (2.31– 2.95) 2881, 2.56 (2.47– 2.66)

Sex

Female 91, 2.85 (2.32– 3.50) 889, 2.40 (2.25– 2.56) 210, 2.83 (2.47– 3.24) 2132, 2.53 (2.42– 2.64)

Male 74, 3.32 (2.65– 4.17) 824, 3.25 (3.04– 3.48) 194, 2.84 (2.46– 3.26) 2644, 3.36 (3.23– 3.49)

Age at first IBD diagnosis (years)

60– 69 76, 2.18 (1.74– 2.73) 903, 2.37 (2.22– 2.53) 214, 2.52 (2.21– 2.89) 2440, 2.57 (2.47– 2.67)

70– 79 71, 4.57 (3.62– 5.77) 663, 3.49 (3.23– 3.76) 139, 3.00 (2.54– 3.54) 1853, 3.46 (3.31– 3.62)

≥80 18, 4.72 (2.97– 7.49) 137, 2.94 (2.48– 3.47) 51, 4.46 (3.39– 5.87) 463, 3.52 (3.22– 3.86)

Year of first diagnosis

2003– 2017 67, 3.47 (2.73– 4.40) 474, 2.27 (2.08– 2.49) 125, 2.45 (2.06– 2.92) 1390, 2.58 (2.45– 2.72)

1990– 2002 70, 2.95 (2.33– 3.72) 885, 3.18 (2.97– 3.39) 186, 2.73 (2.37– 3.16) 2486, 3.19 (3.07– 3.32)

1977– 1989 18, 1.90 (1.20– 3.02) 305, 2.64 (2.36– 2.96) 70, 3.39 (2.68– 4.29) 783, 2.91 (2.71– 3.12)

1969– 1976 10, 6.01 (3.23– 11.2) 49, 2.36 (1.78– 3.12) 23, 7.58 (5.04– 11.4) 117, 2.64 (2.21– 3.17)

Years of follow- up

0 to <1 76, 10.7 (8.56– 13.4) 177, 2.44 (2.11– 2.83) 121, 6.26 (5.24– 7.48) 495, 2.52 (2.31– 2.75)

1 to <5 42, 1.96 (1.45– 2.66) 571, 2.46 (2.27– 2.68) 102, 1.75 (1.44– 2.13) 1671, 2.68 (2.56– 2.81)

5 to <10 23, 1.50 (1.00– 2.26) 503, 2.84 (2.61– 3.10) 98, 2.42 (1.99– 2.95) 1426, 3.05 (2.89– 3.21)

10 to <20 21, 2.21 (1.44– 3.39) 418, 3.35 (3.04– 3.69) 76, 3.29 (2.63– 4.13) 1079, 3.50 (3.30– 3.72)

≥20 3, 3.18 (1.03– 9.88) 44, 2.50 (1.86– 3.36) 7, 4.38 (2.09– 9.19) 105, 3.08 (2.55– 3.73)

Excluding the first year 89, 1.89 (1.53– 2.32) 1536, 2.79 (2.65– 2.93) 283, 2.30 (2.04– 2.58) 4281, 2.99 (2.90– 3.08)

Location or extent

N classified since 1997 6812 NA 18,584 NA

L1/L3/LX 93, 3.27 (2.67– 4.00) NA NA NA

L2 34, 2.71 (1.94– 3.79) NA NA NA

E1 (proctitis) NA NA 35, 2.52 (1.81– 3.51) NA

E2 (left sided colitis) NA NA 43, 2.22 (1.65– 3.00) NA

E3 (extensive colitis) NA NA 117, 3.01 (2.51– 3.60) NA

EX (undefined) NA NA 97, 2.50 (2.05– 3.05) NA

Extraintestinal manifestations

Primary sclerosing 
cholangitis

1, 1.69 (0.24– 12.0) NA 8, 4.23 (2.11– 8.45) NA

Other extraintestinal 
manifestations

6, 0.88 (0.39– 1.95) NA 11, 0.95 (0.53– 1.71) NA

aEvents (ev) in IBD cases, incidence rate per 1000 person- years (95% confidence intervals).

(Continues)



1174  |     EVERHOV et al.

TA B L E  3   Absolute incidence rates of colorectal cancer deaths per 1000 person- years (95% confidence intervals) in incident cases of 
inflammatory bowel disease cases and matched reference individuals from the general population

Colorectal cancer death

Crohn's disease Ulcerative colitis

Patients Reference Patients Reference

N total 7869 75,654 21,224 204,531

N events 114 974 233 2553

Incidence proportion (%) 1.45 1.29 1.10 1.25

1- year cumulative incidence 0.30 (0.18– 0.43) 0.06 (0.05– 0.08) 0.17 (0.11– 0.22) 0.05 (0.04– 0.06)

5- year cumulative incidence 1.09 (0.82– 1.36) 0.53 (0.47– 0.59) 0.55 (0.44– 0.67) 0.53 (0.49– 0.56)

10- year cumulative incidence 2.01 (1.58– 2.44) 1.31 (1.20– 1.42) 1.33 (1.10– 1.55) 1.39 (1.32– 1.46)

20- year cumulative incidence 3.52 (2.63– 4.39) 4.07 (3.71– 4.42) 4.53 (3.58– 5.46) 4.01 (3.78– 4.24)

Person- years 55,378 630,030 151,134 1,646,320

ev, IR (95% CI)a ev, IR (95% CI)a ev, IR (95% CI)a ev, IR (95% CI)a

Total, incidence rate (95% CI) 114, 2.06 (1.71– 2.47) 974, 1.55 (1.45– 1.65) 233, 1.54 (1.36– 1.75) 2553, 1.55 (1.49– 1.61)

Denmark 23, 1.78 (1.18– 2.68) 261, 1.79 (1.58– 2.02) 66, 1.37 (1.08– 1.75) 832, 1.63 (1.52– 1.75)

Sweden 91, 2.14 (1.75– 2.63) 713, 1.47 (1.37– 1.59) 167, 1.62 (1.39– 1.88) 1721, 1.51 (1.44– 1.59)

Sex

Female 67, 2.06 (1.62– 2.61) 506, 1.35 (1.24– 1.48) 128, 1.63 (1.37– 1.94) 1142, 1.34 (1.27– 1.42)

Male 47, 2.06 (1.55– 2.74) 468, 1.83 (1.67– 2.00) 105, 1.44 (1.19– 1.75) 1411, 1.77 (1.68– 1.87)

Age at first IBD diagnosis (years)

60– 69 45, 1.26 (0.94– 1.69) 448, 1.17 (1.06– 1.28) 114, 1.25 (1.04– 1.50) 1184, 1.23 (1.17– 1.31)

70– 79 52, 3.26 (2.49– 4.28) 398, 2.07 (1.87– 2.28) 87, 1.80 (1.46– 2.22) 1032, 1.91 (1.79– 2.03)

≥80 17, 4.41 (2.74– 7.09) 122, 2.60 (2.18– 3.10) 32, 2.75 (1.95– 3.89) 324, 2.45 (2.19– 2.73)

Year of first diagnosis

2003– 2017 43, 2.20 (1.63– 2.96) 226, 1.08 (0.95– 1.23) 45, 0.86 (0.64– 1.16) 539, 1.00 (0.91– 1.08)

1990– 2002 51, 2.10 (1.60– 2.76) 494, 1.75 (1.60– 1.91) 111, 1.54 (1.28– 1.85) 1373, 1.74 (1.65– 1.84)

1977– 1989 12, 1.23 (0.70– 2.16) 214, 1.83 (1.60– 2.09) 58, 2.49 (1.93– 3.23) 545, 2.00 (1.84– 2.18)

1969– 1976 8, 4.60 (2.30– 9.19) 40, 1.91 (1.40– 2.61) 19, 5.35 (3.41– 8.39) 96, 2.15 (1.76– 2.63)

Years of follow- up

0 to <1 22, 3.07 (2.02– 4.67) 46, 0.63 (0.48– 0.85) 33, 1.68 (1.20– 2.37) 106, 0.54 (0.45– 0.65)

1 to <5 43, 1.98 (1.47– 2.67) 266, 1.14 (1.01– 1.29) 58, 0.96 (0.75– 1.25) 726, 1.16 (1.08– 1.25)

5 to <10 29, 1.85 (1.28– 2.66) 281, 1.57 (1.40– 1.76) 64, 1.48 (1.16– 1.89) 819, 1.73 (1.61– 1.85)

10 to <20 18, 1.83 (1.16– 2.91) 325, 2.55 (2.28– 2.84) 69, 2.65 (2.09– 3.36) 757, 2.41 (2.24– 2.58)

≥20 2, 1.99 (0.50– 7.95) 56, 3.09 (2.38– 4.01) 9, 4.20 (2.18– 8.06) 145, 4.13 (3.51– 4.86)

Excluding the first year 92, 1.91 (1.56– 2.34) 928, 1.66 (1.56– 1.77) 200, 1.52 (1.32– 1.75) 2447, 1.69 (1.62– 1.76)

Location or extent

N classified since 1997 6812 NA 18,584 NA

L1/L3/LX 74, 2.56 (2.04– 3.21) NA NA NA

L2 19, 1.48 (0.94– 2.32) NA NA NA

E1 (proctitis) NA NA 16, 1.13 (0.69– 1.85) NA

E2 (left sided colitis) NA NA 28, 1.42 (0.98– 2.05) NA

E3 (extensive colitis) NA NA 63, 1.50 (1.17– 1.92) NA

EX (undefined) NA NA 62, 1.55 (1.21– 1.99) NA

Extraintestinal manifestations

Primary sclerosing 
cholangitis

2, 3.37 (0.84– 13.5) NA 9, 4.58 (2.38– 8.80) NA

Other extraintestinal 
manifestations

4, 0.58 (0.22– 1.54) NA 8, 0.67 (0.34– 1.34) NA

aEvents (ev) in IBD cases, incidence rate per 1000 person- years (95% confidence intervals).
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did not significantly differ from that in the reference population for 
both patients with CD (HR 0.96 [95% CI: 0.64– 1.42]) and UC (1.23 
[95% CI: 0.99– 1.53]). The HR was increased for patients with PSC 
but based on a few events and with wide CIs (Figure 5, Table S15). 
Country- specific estimates show that the HRs for CRC diagnosis de-
creased in both countries over time, also before the date of the start 
of surveillance programmes for IBD patients (Figure S3).

4  | DISCUSSION

4.1 | Main results

We found a dichotomous pattern of cancer risk with time. Patients 
with elderly- onset IBD had an increased risk of a CRC diagnosis and 

CRC death during the first year after an IBD diagnosis. The excess 
risk of CRC was not present in UC patients after the first year, but 
CD patients experienced increased CRC mortality during the first 
5 years of follow- up. Our follow- up data show that the relative risk 
for a CRC diagnosis has decreased over the past 20 years, regard-
less of whether CRC surveillance programmes in IBD had been in-
troduced or not. From 2010 onwards, both patients with CD and UC 
had a lower risk of incident CRC than the general population (except 
during the year following IBD diagnosis).

4.2 | Comparison to other studies

The risk of CRC has been investigated extensively in IBD pa-
tients, but few studies have evaluated this risk in patients with 

CD UC

All CRC cancer

Total

Sweden

Denmark

Colon cancer

Rectum cancer

Sex

Female

Male

Age at first IBD diagnosis (years)

60 to 69

70 to 79

≥80

Year of first diagnosis

2003-2017

1990-2002

1977-1989

1969-1976

Years of follow-up

0 - <1

1 - <5

5 - <10

10 - <20

≥20

≥1

Extraintestinal manifestations

Primary sclerosing cholangitis

CD

165/54, 1.12 (0.96-1.32)

117/42, 1.16 (0.96-1.40)

48/13, 1.06 (0.79-1.42)

150/54, 1.48 (1.25-1.75)

15/54, 0.33 (0.20-0.55)

91/32, 1.21 (0.97-1.50)

74/22, 1.04 (0.82-1.31)

76/35, 0.94 (0.74-1.19)

71/16, 1.30 (1.02-1.66)

18/4, 1.54 (0.94-2.52)

67/19, 1.55 (1.20-2.00)

70/24, 0.94 (0.74-1.20)

18/9, 0.73 (0.45-1.17)

10/2, 2.51 (1.27-4.97)

76/7, 4.36 (3.33-5.71)

42/21, 0.81 (0.59-1.11)

23/15, 0.53 (0.35-0.81)

21/9, 0.65 (0.42-1.01)

3/1, 1.28 (0.40-4.14)

89/47, 0.69 (0.56-0.86)

1/1, 1.39 (0.18-10.9)

UC

404/143, 0.98 (0.88-1.08)

252/97, 1.04 (0.92-1.18)

152/46, 0.90 (0.76-1.06)

294/143, 1.05 (0.94-1.19)

110/143, 0.82 (0.68-1.00)

210/74, 1.13 (0.98-1.30)

194/68, 0.86 (0.74-0.99)

214/85, 1.01 (0.88-1.16)

139/46, 0.87 (0.73-1.03)

51/11, 1.26 (0.94-1.68)

125/51, 0.96 (0.80-1.15)

186/68, 0.86 (0.74-1.00)

70/21, 1.20 (0.94-1.53)

23/3, 2.80 (1.79-4.39)

121/19, 2.48 (2.03-3.02)

102/58, 0.66 (0.54-0.80)

98/40, 0.80 (0.65-0.98)

76/23, 0.94 (0.74-1.18)

7/2, 1.34 (0.62-2.89)

283/123, 0.78 (0.69-0.88)

8/2, 2.20 (1.04-4.67)

0 1 2 3 4 5 6 7 8 9 10
Adjusted HR for CRC diagnosis

(A)

F I G U R E  1   Hazard ratios for (A) incident colorectal cancer diagnosis and (B) colorectal cancer death during all available follow- up time 
(1969– 2017 in Sweden and 1977– 2011 in Denmark) in patients with Crohn's disease and ulcerative colitis and matched general population 
comparators. Numbers represent: Number of events in IBD patients/1000 person- years of follow- up, hazard ratio (95% confidence interval).
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elderly- onset IBD.15– 18,37 Ekbom et al. found an increased risk in pa-
tients with elderly- onset UC in a 1990 study, but later publications 
reported non- significantly lower standardised incidence ratios (SIRs) 
for UC patients, and non- significantly higher SIRs for patients with 
CD.15,16 Meta- analyses, which included IBD patients of all ages, have 
reported that age at diagnosis of UC or CD in adults does not influ-
ence the relative risk of CRC,2,4 and that the incidence ratio was not 
significantly increased for patients with IBD onset >30 years of age.1 
A less aggressive phenotype has been described in elderly- onset UC, 
with predominantly left- sided colitis and less extensive colitis.38,39 
However, more colonic involvement is reported in the elderly popu-
lation with CD.38,39

In the present study, the HR for a CRC diagnosis in IBD patients 
after the first year of follow- up was lower than in the reference 
population: 0.69 (95% CI: 0.56– 0.86) in CD patients and 0.78 (95% 
CI: 0.69– 0.88) in UC patients (Figure 1). Further, the incidence did 

not differ significantly between phenotypes of CD and UC (Table 2). 
Patients with both UC and PSC were the only subgroup of elderly 
patients that could be identified as high- risk in this study (Table 2, 
Figure 1, Table S10, Figure 5, Table S14). However, this was based 
on only 8 CRC events in patients with both diagnoses. In contrast, in 
another very large cohort of IBD patients with and without PSC (but 
no non- IBD controls), no difference in CRC risk could be found be-
tween patients with IBD- PSC and IBD alone among those diagnosed 
after 60 years of age (based on 44 events in patients with IBD- PSC 
and IBD).40

Beyond the first year following an IBD diagnosis, the HRs of 
both a CRC diagnosis and death from CRC decreased in UC patients 
over calendar time (Figure 4). This finding, which has been reported 
previously,3,17 may reflect the increased availability and quality of 
colonoscopy,41 implementation of surveillance strategies that detect 
precancerous lesions,23,25 and introduction of drugs that control 

F I G U R E  1    (Continued)

CD UC

All CRC cancer

Total

Sweden

Denmark

Colon cancer

Rectum cancer

Sex

Female

Male

Age at first IBD diagnosis (years)

60 to 69

70 to 79

≥80

Year of first diagnosis

2003-2017

1990-2002

1977-1989

1969-1976

Years of follow-up

0 - <1

1 - <5

5 - <10

10 - <20

≥20

≥1

Extraintestinal manifestations

Primary sclerosing cholangitis

CD

114/55, 1.43 (1.18-1.74)

91/42, 1.58 (1.27-1.96)

23/13, 1.06 (0.69-1.62)

98/55, 1.70 (1.38-2.10)

16/55, 0.73 (0.44-1.20)

67/33, 1.64 (1.27-2.12)

47/23, 1.21 (0.90-1.64)

45/36, 1.17 (0.86-1.59)

52/16, 1.67 (1.25-2.24)

17/4, 1.70 (1.02-2.82)

43/20, 2.15 (1.55-2.98)

51/24, 1.28 (0.96-1.71)

12/10, 0.74 (0.41-1.32)

8/2, 2.33 (1.09-4.98)

22/7, 4.89 (2.94-8.12)

43/22, 1.78 (1.29-2.45)

29/16, 1.22 (0.83-1.78)

18/10, 0.76 (0.47-1.21)

2/1, 0.67 (0.16-2.75)

92/48, 1.23 (0.99-1.52)

2/1, 3.22 (0.69-14.9)

UC

233/151, 1.06 (0.93-1.21)

167/103, 1.16 (0.99-1.36)

66/48, 0.87 (0.68-1.12)

171/151, 1.08 (0.92-1.26)

62/151, 1.01 (0.78-1.30)

128/78, 1.28 (1.07-1.54)

105/73, 0.87 (0.72-1.07)

114/91, 1.09 (0.90-1.32)

87/48, 0.99 (0.80-1.23)

32/12, 1.16 (0.81-1.67)

45/52, 0.90 (0.66-1.22)

111/72, 0.93 (0.76-1.12)

58/23, 1.38 (1.05-1.81)

19/4, 2.44 (1.49-3.99)

33/20, 3.16 (2.14-4.66)

58/60, 0.85 (0.65-1.11)

64/43, 0.88 (0.68-1.14)

69/26, 1.14 (0.89-1.46)

9/2, 1.06 (0.54-2.08)

200/132, 0.95 (0.83-1.10)

9/2, 4.51 (2.10-9.69)

0 1 2 3 4 5 6 7 8 9 10
Adjusted HR for CRC death

(B)
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inflammation effectively. The reason also may be partly adminis-
trative, as outpatient data were added to Danish registers in 1995 
and to Swedish registers in 2001, potentially contributing some less 
severe IBD cases to the cohort. However, we observed no large dif-
ferences in numbers of CD patients as an effect of calendar period. 
It should be noted that the decreasing HR for CRC over calendar 
periods was seen in both Sweden and Denmark, although surveil-
lance was recommended much later in Denmark and could not have 
affected the Danish estimates in this study (Figure S3).

4.3 | Strengths and limitations

The main strengths of this study are its large population- based study 
design, data prospectively recorded during a long follow- up period, 
and availability of registers with validated exposure definitions and 
almost complete coverage of outcome measures. As well, access to 
histopathology data helped to define IBD onset more accurately than 
in previous reports and also increased sensitivity, especially during 
years when the Danish and Swedish patient registers were restricted 
to inpatient data. The use of a matched reference cohort allowed for 
the calculation of incidence rates and HRs of truly incident cancers.

Study limitations include absence of data on confounding from 
lifestyle risk factors, including intake of red and processed meats, 
obesity, tobacco use and alcohol use. However, such unmeasured 
confounding is extremely unlikely to explain our findings.17,18 Another 
limitation is the absence of data on IBD medication and disease 

activity, for example laboratory markers, endoscopic activity and 
histological findings. As well, phenotype was determined from ICD 
codes, which have limited precision.28,34 Nevertheless, in our cohort, 
the proportion of CD patients with only colonic involvement at end 
of follow- up was 30%, compared to 28%39 and 62% at diagnosis10 in 
other well- characterised cohorts. The proportion of UC patients with 
isolated proctitis was 12% in the current study, compared to 20%39 
and 21%10 found at diagnosis in other studies. The proportion of UC 
patients with extensive colitis at end of follow- up was 35% in our 
study, compared to 33% and 18% at diagnosis in other studies.10,38

Some informative censoring can be assumed, i.e. patients who 
were censored due to proctocolectomy may have had a higher risk of 
developing CRC than other patients, thus possibly leading to under-
estimation of overall CRC risk. However, the cumulative incidence of 
colectomy has decreased over time in both CD and UC (Figure S2), 
and the relative risk of CRC has also decreased (Figure S3).

4.4 | Clinical implications

The increased risk of CRC in patients with IBD is thought to result 
from the pro- neoplastic effect of chronic intestinal inflammation.42 
Data from the current study suggest that this either is not the case in 
elderly- onset IBD, or that such effect is effectively counterbalanced 
by planned or opportunistic screening and colectomies. The pro-
nounced increase in CRC incidence around the time of IBD diagnosis 
suggests that a large proportion of such IBD- CRC cases is due either 

F I G U R E  2   Cause- specific hazard ratios for transitions from the start of follow- up to colorectal cancer diagnosis, colorectal cancer death 
and other death, in patients with inflammatory bowel disease (Crohn's disease [CD] and ulcerative colitis [UC]) and the matched reference 
population.

Index

CRC diagnosis

CRC death

Other death

CRC death since 2003, tumor stage adjusted
CRC diagnosis > crc death  stage adjusted

Events in CD: 39; UC: 65, All: 104

CRC death since 2003, crude
CRC diagnosis > crc death  years restricted

Events in CD: 39; UC: 65, All: 104

CRC death 1969 2017, crude
CRC diagnosis > crc death

Events in CD: 81; UC: 152, All: 233

0.5 1 2 4

Other death since 2003, tumor stage adjusted
CRC diagnosis > other death  stage adjusted

Events in CD: 24; UC: 51, All: 75

Other death since 2003, crude
CRC diagnosis > other death  years restricted

Events in CD: 24; UC: 51, All: 75

Other death 1969 2017, crude
CRC diagnosis > other death

Events in CD: 53; UC: 139, All: 192

0.5 1 2 4

CRC death since 2003, crude
Initial > crc death  years restricted

Events in CD: 27; UC: 46, All: 73

CRC death 1969 2017, crude
Initial > crc death

Events in CD: 33; UC: 81, All: 114

0.5 1 2 4

CRC diagnosis since 2003, crude
Initial > crc diagnosis  years restricted

Events in CD: 106; UC: 248, All: 354

CRC diagnosis, 1969 2017, crude
Initial > crc diagnosis

Events in CD: 165; UC: 404, All: 569

0.5 1 2 4

Other death since 2003, crude
Initial > other death  years restricted

Events in CD: 2854; UC: 7911, All: 10765

Other death 1969 2017, crude
Initial > other death

Events in CD: 4368; UC: 11796, All: 16164

0.5 1 2 4

Crohn's Disease Ulcerative Colitis CD & UC Combined
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to detection bias or misclassification. CRC cases may have been 
discovered accidentally due to IBD symptoms and work- up, or IBD 
could have been diagnosed in conjunction with a CRC diagnosis. As 

cancer development requires a reasonable induction time, the only 
way in which excess CRC cases during the first year following IBD 
diagnosis can be attributed to IBD is if they result from longstanding 

F I G U R E  3   Incidence rate of colorectal cancer (CRC) per month in relation to the date of inflammatory bowel disease (IBD) diagnosis in 
patients with elderly- onset IBD (60– 69 years, 70– 79 years, 80+ years and overall, at diagnosis).

F I G U R E  4   Adjusted hazard ratio (HR) for colorectal cancer (CRC) diagnosis (left panel) and death (right panel) in patients with Crohn's 
disease (CD) and ulcerative colitis (UC), excluding the first year of follow- up (FU). Data are presented by calendar year in relation to a 
matched reference population.
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undiagnosed IBD, which was finally discovered and diagnosed due to 
symptoms from CRC. Diagnostic delay is more common in CD43,44 
than UC, which could explain why the absolute and relative risk of 
CRC was higher in CD than in UC patients during the first year. It is 
also well- known that the use of immunosuppressants is much lower 
in the elderly population than in children and adults with IBD14 likely 
because of comorbidity and polypharmacy.45 Insufficiently treated in-
flammation may contribute to the development of CRC in the elderly.

Our study documented differences in cancer incidence between 
a screened population (all patients diagnosed with IBD who un-
dergo colonoscopy during the year of IBD diagnosis and are thereby 
screened for CRC and premalignant polyps at that timepoint) and an 
unscreened population (most reference individuals). Most reference 
individuals did not participate in CRC screening programmes, since 

only two regions in Sweden (Stockholm and Gotland) offer screening 
programmes for individuals aged 60– 69 years since 2008 and the 
national programme Screening of Swedish colons (SCREESCO), tar-
geting individuals aged 59– 62 years, was initiated in 2014. Also in 
Denmark, CRC screening with FIT- test (faecal immunochemical test) 
was not initiated for ages 50– 74 until 2014.

The HRs of 0.69 in CD patients and 0.78 in UC patients for a 
CRC diagnosis after the first year of follow- up can be compared 
with 0.83 (95% CI 0.71– 0.96) after 10 years of follow- up in a ran-
domised controlled trial of sigmoidoscopy screening in person aged 
between 55 and 64 years (intention- to- treat analysis with 63% ad-
herence).46 Similarly, the implementation of organised CRC screen-
ing with FIT and follow- up colonoscopy in persons aged 50– 75 was 
reported to have led to an initial rise in CRC incidence, followed 

CD UC

All CRC cancer

Total

Sweden

Denmark

Colon cancer

Rectum cancer

Sex

Female

Male

Age at first IBD diagnosis (years)

60 to 69

70 to 79

≥80

Year of first diagnosis

2003-2017

1990-2002

1977-1989

1969-1976

Years of follow-up

8 - <9

9 - <13

13 - <18

18 - <28

≥28

Extraintestinal manifestations

Primary sclerosing cholangitis

CD

30/16, 0.61 (0.42-0.88)

20/12, 0.58 (0.37-0.91)

10/3, 0.68 (0.36-1.29)

25/16, 0.71 (0.47-1.06)

5/16, 0.36 (0.15-0.87)

16/10, 0.60 (0.36-0.99)

14/6, 0.62 (0.36-1.06)

23/12, 0.61 (0.40-0.93)

7/3, 0.59 (0.28-1.26)

0/0, 0.00 (0.00-Inf)

3/2, 0.69 (0.21-2.20)

13/8, 0.43 (0.25-0.75)

8/4, 0.61 (0.30-1.24)

6/1, 3.57 (1.46-8.77)

4/3, 0.55 (0.20-1.50)

12/7, 0.50 (0.28-0.88)

7/4, 0.54 (0.25-1.15)

7/2, 1.45 (0.67-3.14)

0/0, 0.00 (0.00-Inf)

1/0, 2.96 (0.36-24.8)

UC

121/38, 0.93 (0.77-1.12)

78/29, 0.94 (0.74-1.18)

43/10, 0.93 (0.68-1.26)

86/38, 0.97 (0.78-1.21)

35/38, 0.83 (0.59-1.17)

70/20, 1.25 (0.98-1.60)

51/18, 0.69 (0.52-0.91)

80/27, 0.89 (0.71-1.11)

38/10, 1.00 (0.72-1.39)

3/1, 1.35 (0.41-4.44)

11/6, 1.03 (0.56-1.92)

72/23, 0.84 (0.66-1.06)

31/9, 1.02 (0.71-1.47)

7/1, 2.02 (0.92-4.41)

14/7, 0.61 (0.36-1.05)

54/19, 0.85 (0.64-1.12)

41/9, 1.22 (0.88-1.67)

11/3, 1.05 (0.57-1.94)

1/0, 9.73 (1.00-94.2)

8/1, 3.22 (1.50-6.88)

0 1 2 3 4 5 6 7 8 9 10
Adjusted HR for CRC diagnosis

(A)

F I G U R E  5   Colorectal cancer in elderly- onset inflammatory bowel disease patients eligible for cancer surveillance according to 
international guidelines: Hazard ratios for (A) incident colorectal cancer diagnosis and (B) colorectal cancer death during all available follow- 
up time (1969– 2017 in Sweden and 1977– 2011 in Denmark) in patients with Crohn's disease and ulcerative colitis, at risk after 8 years of 
follow- up or from the date of a primary sclerosing cholangitis diagnosis, and matched general population comparators. Numbers represent 
number of events in IBD patients/1000 person- years of follow- up, hazard ratio (95% confidence interval).
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by a 25.5% decline in incidence over 12– 14 years.47 The tumours 
in patients with UC in our study were detected at an earlier stage 
than in the reference population (Table S12), also likely an effect of 
intensified screening particularly during the year of IBD diagnosis. 
Consequently, patients with UC had a better prognosis than the ref-
erence population (HR 0.69 [95% CI: 0.58– 0.81] from CRC diagnosis 
to CRC death). However, after adjusting for tumour stage, the HR 
increased to 1.30 (95% CI: 1.01– 1.68), implying that CRC prognosis 
in UC patients is worse than in sporadic cases.

Based on data from this study and others, we conclude that the 
relative risk of CRC diagnosis is not increased in patients with elderly- 
onset IBD beyond the period around IBD diagnosis, with current en-
doscopy and colectomy routines. However, the absolute risk is high 
due to age alone, which warrants implementing screening colonos-
copy according to guidelines for the general population.48 The risk of 
CRC death without a previous CRC diagnosis was noticeably high in 
IBD patients. The increased risk of CRC death following a CRC diag-
nosis in patients with UC also warrants further investigation.

5  | CONCLUSION

We found that patients with elderly- onset IBD had an increased 
risk of CRC diagnosis only during the year following IBD diagnosis. 
Beyond the first year there was no excess risk, and from 2010 and 
onward the HR for CRC diagnosis more than 1 year after initial IBD 
diagnosis was significantly lower than that in the largely unscreened 
reference population. Our findings thus support the benefit of endo-
scopic screening and surveillance in patients with IBD.
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CD UC

All CRC cancer

Total

Sweden

Denmark

Colon cancer

Rectum cancer

Sex

Female

Male

Age at first IBD diagnosis (years)

60 to 69

70 to 79

≥80

Year of first diagnosis

2003-2017

1990-2002

1977-1989

1969-1976

Years of follow-up

8 - <9

9 - <13

13 - <18

18 - <28

≥28

Extraintestinal manifestations

Primary sclerosing cholangitis

CD

26/16, 0.96 (0.64-1.42)

21/13, 1.04 (0.67-1.63)

5/3, 0.72 (0.29-1.77)

21/16, 1.00 (0.64-1.56)

5/16, 0.81 (0.33-2.00)

17/10, 1.16 (0.71-1.90)

9/6, 0.72 (0.37-1.41)

14/12, 0.75 (0.44-1.29)

11/3, 1.41 (0.76-2.61)

1/0, 1.07 (0.14-8.26)

2/2, 1.04 (0.25-4.39)

15/8, 1.02 (0.60-1.72)

5/4, 0.56 (0.23-1.38)

4/1, 2.64 (0.90-7.79)

4/3, 2.70 (0.91-7.98)

15/7, 1.37 (0.81-2.34)

5/4, 0.51 (0.21-1.25)

2/2, 0.43 (0.11-1.76)

0/0, 0.00 (0.00-Inf)

2/0, 14.0 (2.40-81.7)

UC

86/39, 1.23 (0.99-1.53)

66/29, 1.32 (1.02-1.69)

20/10, 1.03 (0.65-1.62)

63/39, 1.26 (0.97-1.63)

23/39, 1.16 (0.76-1.78)

53/21, 1.73 (1.30-2.30)

33/18, 0.84 (0.59-1.20)

48/28, 1.05 (0.78-1.41)

33/10, 1.50 (1.05-2.15)

5/1, 1.98 (0.77-5.08)

6/6, 1.15 (0.50-2.66)

45/23, 1.06 (0.78-1.43)

29/9, 1.51 (1.03-2.21)

6/1, 2.27 (0.97-5.35)

7/7, 1.24 (0.57-2.70)

31/19, 1.05 (0.73-1.51)

33/10, 1.42 (0.99-2.03)

14/3, 1.30 (0.76-2.23)

1/0, 1.90 (0.25-14.6)

6/1, 4.58 (1.85-11.3)

0 1 2 3 4 5 6 7 8 9 10
Adjusted HR for CRC death

(B)
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