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BACKGROUND AND AIMS: Selected patient groups with ul-
cerative colitis and Crohn’s disease are at increased risk of
colorectal cancer. Surveillance guidelines rarely cover patients
after colectomy. We performed a nationwide population-based
cohort study to estimate the risk of developing rectal cancer in
patients with inflammatory bowel disease after subtotal
colectomy. METHODS: Through the Danish Civil Registration
System, a source population of all individuals living in Denmark
between 1978 and 2018 was retrieved. The risk of rectal cancer
in patients with diverted rectum was assessed using Cox
regression analyses with comparison to both the individuals
with inflammatory bowel diseases without subtotal colectomy
and the background population. RESULTS: Rectal cancer
occurred in 42 of 4931 patients (0.9%) after subtotal colectomy
and diverted rectum, compared to 209 of 49,251 (0.4%) in the
matched inflammatory bowel diseases cohort without colectomy
and 941 of 246,550 (0.4%) in the background population. The
hazard ratio (HR) for rectal cancer in patients with inflammatory
bowel disease and diverted rectum vs patients without colectomy
was 0.76 (95% CI, 0.28, 2.07) before 10 years and 7.56 (95% CI,
5.21, 10.86) 10 years after colectomy. The HR for patients with
diverted rectum compared to the background population was
0.84 (95% CI, 0.31, 2.24) and 10.01 (95% CI, 7.20, 13.94)
respectively. CONCLUSION: In our nationwide population-based
Danish cohort study, we found the risk of rectal cancer in the
diverted rectum to be markedly increased 10 years post-
colectomy. This calls for better long-term surveillance of colec-
tomized patients with inflammatory bowel diseases.
Keywords: Crohn’s Disease; Diverted Rectum; IBD Management;
Surveillance; Ulcerative Colitis
Abbreviations used in this paper: CD, Crohn’s disease; CRC, colorectal
cancer; IBD, inflammatory bowel disease; NPR, national Patient Registry;
RC, rectal cancer.
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Introduction

Ulcerative colitis (UC)1 and Crohn’s disease (CD)2 are
chronic inflammatory diseases (IBD) with increasing

incidence and prevalence in Denmark3 and worldwide.4

UC carries a cumulative risk of subtotal colectomy of 7.5%
after 5 years,5 and consequently, a similar risk of ileostomy
with diverted rectum. In CD, although decreasing over the last
decades,6 the risk of surgery remains even higher. A meta-
analysis of unselected population-based studies found the
risk of surgery to be 27.7% after 5 years and 38.7% after 10
years with CD.6 In Europe, the 5-year colectomy rate in CD is
7.5%.7 Following colectomy for UC or CD, patients may either
get an ileostomywithdiverted rectumasapermanent solution,
or bowel continuity can be restored with ileo-rectal anasto-
mosis (IRA) or with ileal pouch-anal anastomosis (IPAA).

The risk of colorectal cancer (CRC) in IBD is debated, but
at least in specific subgroups of patients with early onset of
the disease, concomitant primary sclerosing cholangitis (PSC),
or long disease duration, the risk of CRC is increased.8 To
reduce the risk of CRC in IBD, endoscopic surveillance
guidelines have been developed both nationally9 and inter-
nationally.10–12 However, guidelines do not include clear
recommendations for patients with a residual rectum, IRA or
IPAA. The Danish guidelines, the Danish Society of Gastroen-
terology and Hepatology,9 mention a potential increased risk
of rectal cancer (RC) postcolectomy according to studies from
the 1980s13,14 and a referral center study from 2012.15 The
European Crohn’s and Colitis Organization guideline/
consensus paper “European Evidence-based Consensus: In-
flammatory Bowel Disease and Malignancies” mentions that
“the risk of rectal cancer is relatively high in IBD patients after
subtotal colectomy” without further recommendation.10

The lack of evidence-based guidelines is due to short-
ness of methodologically well-conducted studies on the
long-term outcomes of the rectal remnant. A meta-analysis
from 2016 based on a variety of mostly selected patient
populations16 reported a pooled prevalence of carcinoma of
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0.5% in IPAA, 2.1% in rectal stump patients and 2.4% in
IRA. In a nationwide population-based Swedish cohort study
of cancer postcolectomy,17 the 20-year cumulative risk of
RC was <1% in IPAA, 2.2% with a diverted rectum and
5.6% after IRA, corresponding to a 4- and 9-fold increased
risk in the latter 2 groups. These data support surveillance
for RC after colectomy in patients with IBD but cannot stand
alone. In order to develop evidence-based surveillance
strategies, the Swedish findings need to be confirmed in
other unselected patient cohorts.

We therefore performed a nationwide population-based
cohort study (1978–2018) to estimate the long-term risk of
RC after colectomy for IBD in Denmark.
Patients with two IBD diagnoses or one long hospital contact from 1978 to 2018
n=80,404

Patients with IBD and subtotal colectomy (diverted rectum) after IBD diagnosis
n=5353

Colectomized patients with IBD and no IRA/IPAA before subtotal colectomy
n=5186

Colectomized patients with IBD and no proctectomy before subtotal colectomy
n=4968

Colectomized patients with IBD and no rectal cancer before subtotal colectomy
n=4960

Colectomized patients with IBD living in Denmark at procedure date
n=4931

Figure 1. Flow chart of the study population.
Material and methods
Study population

The study population covered all individuals alive and
residing in Denmark between 1978 and 2018 (n ¼ 9,083,980),
according to the Danish Civil Registration System. Using the
unique 10-digit personal identification number given to all Danish
citizens at birth, we linked the source population to the Danish
National Patient Register (NPR) and to the Danish Cancer Registry
to obtain information on disease diagnoses, surgical procedures,
and cancer. In the NPR, we first identified all patients with at least
2 IBD diagnoses or 1 long hospital contact for IBD (n ¼ 80,404)
using the following codes from the International Classification of
Diseases (ICD), 8th and 10th revisions (CD: ICD-8 codes 563.01,
563.02, 563.08, 563.09 and ICD-10 code K50, UC: ICD-8 codes
563.19, 569.04 and ICD-10 code K51). Date of diagnosis was the
date of the second contact or, in case of 1 long contact, date of the
first long contact þ 7 days. For patients registered with diagnoses
of both CD and UC, patients were classified as CD or UC according
to the most recent diagnosis recorded. Among the identified pa-
tients with IBD we distinguished patients who had undergone
subtotal colectomy with diverted rectum using surgical procedure
codes for colectomy (NCSP codes KJFH10, KJFH11, KJFH96; DOTC
codes 45020, 45021, 45060, 45061, 46530, 46490) or the com-
bination of right hemicolectomy, resection of colon transversum,
left hemicolectomy and sigmoidectomy (NCSP codes KJFB30,
KJFB31, KJFB40, KJFB41, KJFB46, KJFB47, KJFB60, KJFB61; DOTC
codes 44900, 44901, 46410, 44940, 46430, 44920, 44921, 44960,
44961, 46400, 44980, 44981, 46440). Patients with recorded
IRA/IPAA, proctectomy or rectal cancer before subtotal colectomy
or who lived outside Denmark at the date of the surgical pro-
cedure were excluded. Each patient in the subsequent cohort was
matched with up to 10 patients with IBD and no history of sub-
total colectomy on sex, birth date (within 5 years), IBD subtype
(CD or UC), and IBD duration (within �6 months to þ2 years),
and also matched with up to 50 individuals from the general
population on age and sex.

Cases of RC were identified in the Danish Cancer Registry,
using ICD-10 code C20.

No individuals were lost to follow-up.

Statistical analysis
Due to few RC events in the groups with IRA and IPAA,

analyses were restricted to risk of RC in the population with
diverted rectum.
All patients who had undergone colectomy and their
matched IBD and non-IBD reference individuals were followed
from index date (date of IBD with colectomy/ match date) until
diagnosis with RC, date of proctectomy þ 30 days, emigration,
death, end of follow-up (31st December 2018), or by 30 years
of follow-up (truncation due to sparse data after 30 years),
whichever event occurred first.

The cumulative incidence of RC in colectomized patients as
well as in IBD and in non-IBD reference individuals was esti-
mated by the Kaplan-Meier estimator. Using Cox regression
analysis, we estimated hazard ratios (HRs) with 95% confi-
dence intervals (95% CIs) of RC in individuals with IBD and
colectomy vs IBD and non-IBD reference individuals with time
since index date as the underlying time scale. All analyses were
conducted using SAS 9.4.

Ethical considerations
The study was approved by the Danish Data Protection

Agency. We analyzed data on a secure research server at the
Danish Health Data Authority. In Denmark, ethical approval for
register studies is not required.
Results
We identified 80,404 patients with IBD and among those

4931 colectomized patients living in Denmark at procedure
date (Figure 1).

These patients (CD, 1248; UC, 3683) were followed for
31,243 person-years and compared to 49,203 patients with
IBD (CD, 12,397; UC, 36,806), who had not undergone
colectomy and followed for 620,808 person-years. They were
also compared to 246,550 non-IBD individuals from the



Table 1. Characteristics of 4931 Colectomized Patients With Inflammatory Bowel Disease

Characteristic
All patients with IBD

and subtotal colectomy

IBD type

CD UC

All, n (%) 4931 (100.0) 1248 (100.0) 3683 (100.0)

Sex
Female, n (%) 2491 (50.5) 757 (60.7) 1734 (47.1)
Male, n (%) 2440 (49.5) 491 (39.3) 1949 (52.9)

Age at IBD (y), mean (SD) 37.47 (18.12) 34.39 (17.62) 38.51 (18.17)

Age at subtotal colectomy (y), mean (SD) 41.56 (18.30) 38.97 (17.72) 42.43 (18.41)

Duration of IBD at subtotal colectomy (y), mean (SD), in y 4.09 (5.68) 4.58 (5.56) 3.93 (5.72)

SD, standard deviation.
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general population followed for 3,352,864 person-years.
Characteristics of the 3 groups are presented in Tables 1
and 2. The female:male distribution was 50:50 among colec-
tomized patients with IBD and in the 2 reference groups.
Approximately 1/3 of patients were <30 years at colectomy,
1/3 was 30–50 years, and 1/3 was above 50 years at colec-
tomy. The mean age at IBD diagnosis among colectomized
patients was 37.5 years (standard deviation (SD), 18.1) and
slightly higher in UC (38.5 years; SD, 18.2) than in CD (34.4
years; SD, 17.6). Mean age at colectomy was 41.6 years (SD,
18.3) among IBD patients overall, 42.4 years (SD, 18.4) among
UC patients, and 39.0 (SD, 17.7) among CD patients. More
than 40% of the colectomized IBD patients were from recent
calendar years (2006–2018) (Table 2).

Table 3 shows the occurrence of rectal cancer in the
population of colectomized IBD patients. We identified 305
patients with IRA and 1381 patients with IPAA and among
them, 5 and <5 patients, respectively, developed RC. Due to
a lack of RC events in the group with IRA and IPAA, analyses
were restricted to risk of RC in the population with diverted
rectum.
Table 2. Characteristics of the Study Population

Characteristic

IBD and subtotal colectomy IBD

N %

All 4931 100.0 4

Sex
Female 2491 50.5 2
Male 2440 49.5 2

IBD type
CD 1248 25.3 1
UC 3683 74.7 3

Age at cohort entry
<30 y 1642 33.3% 1
30–50 y 1750 35.5 1
>50 y 1539 31.2 1

Year at cohort entry
1978–1991 975 19.8
1992–2005 1819 36.9 1
2006–2018 2137 43.3 2
Rectal cancer
Of the 4931 colectomized patients with IBD, 42 (0.9%)

patients developed RC during follow-up, compared to 207
(0.4%) in the matched non-colectomized IBD population
and 941 (0.4%) in the matched background population. In
the colectomized IBD population, 11 (0.9%) of the 42 cases
were in patients diagnosed with CD and 31 (0.8%) were in
patients diagnosed with UC. Among these 42 individuals,
there were 15 women and 27 men.

Figure 2 illustrates the cumulative incidence functions
for RC in patients with IBD and diverted rectum after sub-
total colectomy compared to patients with IBD and no his-
tory of subtotal colectomy and the background population.
A markedly increased incidence of RC 10 years after
colectomy can be appreciated when comparing patients
with IBD and no history of subtotal colectomy and the
background population (P < .0001). This finding is consis-
tent for patients with CD and UC.

The HR (95% CI) of RC for patients with IBD and
diverted rectum vs matched IBD population without diver-
ted rectum when adjusting for both IBD type and sex was
and no subtotal colectomy Background population

N % N %

9,203 100.0 246,550 100.0

4,844 50.5 124,550 50.5
4,359 49.5 122,000 49.5

2,397 25.2 - -
6,806 74.8 - -

5,862 32.2% 82,110 33.3
7,974 36.5 87,546 35.5
5,367 31.2 76,894 31.2

9709 19.7 48,750 19.8
8,155 36.9 90,950 36.9
1,339 43.4 106,850 43.3



Table 3. Cancer Events in the Group of Colectomized Pa-
tients With IBD

Subtotal colectomy
(diverted rectum) IRA IPAA

Rectal cancer
Exposed 4931 305 1381
Occurrence 42 5 <5
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0.77 (95% CI, 0.28, 2.09) before 10 years and 7.56 (95% CI,
5.23, 10.92) after 10 years of follow-up. The corresponding
HR for patients with IBD and diverted rectum vs matched
background population when adjusting for both IBD type
and sex was 0.85 (95% CI, 0.32, 2.26) before 10 years and
10.01 (95% CI, 7.19, 13.93) after 10 years of follow-up
(Table 4). When analyzing the risk of RC separately for
patients with CD and UC, we found that compared to the
matched IBD population, the HR of RC after 10 years post-
colectomy was 5.10 (95% CI, 2.41, 10.81) in CD patients and
9.42 (95% CI, 6.18, 14.36) in UC patients. The risk of RC was
similar in women and men (Table 4). In order to examine
the stability of the matched IBD population with no history
of subtotal colectomy we repeated the matching procedure
100 times with different random seeds. The mean HR before
10 years was 0.86 and standart deviation (SD) was 0.09, and
the mean HR after 10 years postcolectomy was 7.90 and the
SD was 0.78.
Discussion
In this nationwide population-based Danish cohort

study of 4931 individuals undergoing subtotal colectomy
with a diverted rectum as a result of IBD, we observed a
markedly increased risk of RC 10 years postcolectomy.
The risk was increased 8-fold when compared to a
matched IBD-cohort without colectomy and increased 10-
fold when compared to the background population. The
risk of RC was not increased during the first 10 years
after colectomy.

In younger patients, and especially in women consid-
ering pregnancy before pelvic surgery, a diverted rectum
may serve as a temporary solution, but the long-term risk of
RC should be considered if avoiding proctectomy.

Recommendations for long-term colorectal cancer sur-
veillance in patients with IBD have been developed both
nationally9 and internationally.10–12 However, guidelines do
not include clear recommendations for patients after
colectomy. There has been no systematic surveillance of
these type of patients in Denmark with practice varying in
between hospitals. To evaluate the need of such a surveil-
lance was 1 of the reasons of the study.

Our results are somewhat in line with case reports, a
multicenter study18 and another population-based
study17 assessing the risk of RC in patients with IBD
after colectomy. In the Swedish nationwide population-
based study, the authors studied risk of RC after
subtotal colectomy with either IPAA, diverted rectum, or
IRA, and showed a 4- and 9-fold increased risk of cancer
after 20 years of follow-up in the latter 2 groups
compared to the background population.17 A previous
Danish study investigating risk of RC postcolectomy
lacked estimates on absolute cancer risk and did not
perform regression analyses to take time-variation in
cancer risk into account.19

In a French retrospective multicenter study18 of pa-
tients with UC undergoing IRA from 1960 to 2013 in 13
centers in France, with a total of 343 patients included, the
incidence of RC was 3.2% 10 years and 7.3% 20 years
postcolectomy. These results suggest surveillance pro-
gram for the population of patients with IBD post-
colectomy and this is in line with our results. The
difference in the patient populations with IRA post-
colectomy in the French study and patients with diverted
rectum in Danish national cohort reflects differences in
local and national practices. The Swedish cohort included
3 groups with 1112 patients with IRA, 1796 with IPAA and
4358 with diverted rectum postcolectomy. In our study
because of small numbers of cases in IRA and IPAA groups
(Table 3) we restricted the study population to the in-
dividuals with diverted rectum.

Overall, our results together with those of the Swedish
cohort study and the French multicenter study suggest that,
despite variation in surgical solutions studied, the long-term
risk of RC postcolectomy is increased. This calls for atten-
tion and should inform current surveillance guidelines.

The primary strength of the present study was the
availability of unselected population-based data on a
nationwide cohort of patients with IBD (CD and UC) and
a diverted rectum after a subtotal colectomy. We
compared RC incidence in patients with the diverted
rectum not only to that in the background population, but
also to a matched IBD population without colectomy. The
latter stands out from previous studies16–19 where the
risk for RC was not compared to the IBD population
without colectomy. Another strength was the long-term
follow-up with 31,243 person-years of follow-up for
4931 colectomized patients with IBD, high quality stan-
dard in terms of completeness and accuracy of the Danish
Cancer Registry,20 and the validity of NPR with positive
predictive value for CD of 97% and UC of 90%.21 The
validity of IBD diagnosis in the Danish NPR was recently
re-evaluated with PPV 0.95 (95% CI, 0.95–0.96) for pa-
tients registered with at least 2 diagnoses with similar
results for UC and CD separately.22

Our study does also have some potential limitations to
consider. Despite been nationwide population-based cohort
study, the small number of cases in the IRA and IPAA groups
precluded analyses for these specific subgroups (Table 3).
The same reason did not allow us to assess risk according to
PSC or other subgroups eg patients with severe perianal CD.
Also we did not have data on smoking, prior colorectal
neoplasia, indication for colectomy or other potential
confounders.
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Figure 2. Cumulative incidence func-
tions for rectal cancer in patients with
IBD after subtotal colectomy (with
diverted rectum) compared to patients
with IBD and no history of subtotal
colectomy (diverted rectum) and to the
background population in Denmark,
1978–2018.
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Table 4. Hazard Ratios for Patients With IBD and Diverted Rectum vs Matched IBD Population Without Colectomy and a
Matched Background Population

Patient population

HR (95% CI)
Patients with IBD

and diverted rectum vs matched
IBD population without

diverted rectum
P value for
interaction

HR (95% CI)
Patients with IBD and

diverted rectum vs matched
background population

P value for
interaction

Overalla 4.15 (2.98, 5.79) 4.92 (3.61, 6.70)

< 10 years of follow-up 0.76 (0.28, 2.07) 0.84 (0.31, 2.24)

>10 years of follow-up 7.52 (5.21, 10.86) 10.02 (7.20, 13.94)

By IBD type
Overalla 4.37 (3.13, 6.11) 5.06 (3.71, 6.89)
<10 yearsb of follow-up 0.79 (0.29, 2.16) 0.85 (0.31, 2.23)
>10 yearsb of follow-up 7.99 (5.52, 11.57) 10.40 (7.47, 14.48)

CD
<10 years of follow-up 1.57 (0.36, 6.80) .21 1.21 (0.30, 4.89) .23
>10 years of follow-up 5.10 (2.41, 10.81) 6.72 (3.42, 13.22)

UC
<10 years of folow-up 0.53 (0.13, 2.18) 0.65 (0.16, 2.62)
>10 years of folow-up 9.42 (6.18, 14.36) 12.41 (8.49, 18.13)

By sex
Overalla 4.18 (3.00, 5.83) 4.97 (3.65, 6.77)
<10 yearsc of follow-up 0.77 (0.28, 2.09) 0.85 (0.32, 2.26)
>10 yearsc of folow-up 7.56 (5.23, 10.92) 10.01 (7.19, 13.93)

Female
<10 years of folow-up 0.45 (0.06, 3.28) .67 0.51 (0.07,3.65) .78
>10 years of follow-up 6.69 (3.68, 12.17) 10.33 (5.99, 17.82)

Male
<10 years of follow-up 1.00 (0.31, 3.21) 1.08 (0.35, 3.38)
>10 years of follow-up 8.17 (5.13, 13.03) 9.84 (6.49, 14.91)

aProportional hazards assumption not satisfied.
bAdjusted for IBD, type (allowing for interaction with time).
cAdjusted for sex (allowing for interaction with time).
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As we did not include data on treatment, potential che-
mopreventive effect in this population could not been
shown.

Conclusion
Our nationwide population-based cohort study covering

4 decades shows that despite a relatively low absolute
number of RC cases following colectomy for IBD, the risk of
RC is markedly increased 10 years after the surgery. This
calls for better long-term surveillance of colectomized IBD
patients.
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