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ABSTRACT

Objectives: Patients with ulcerative colitis (UC) have shown an increased risk for colorectal cancer,
hepatobiliary, hematologic, and skin cancers, but updated long-term data is needed. This study
aimed to estimate the risk of cancer in patients with UC compared to the general Norwegian
population, in a population-based cohort (the IBSEN study), 30years after diagnosis; and to identify
possible risk factors associated with cancer.

Methods: The IBSEN cohort prospectively included all incident patients between 1990 and 1993.
Cancer incidence data were obtained from the Cancer Registry of Norway. The overall and
cancer-specific hazard ratios (HR) were modelled using Cox regression. Standardized incidence
ratios were estimated compared to the general population.

Results: In total, the cohort included 519 patients, and 83 cases were diagnosed with cancer. There
was no statistically significant difference in the overall cancer risk (HR = 1.01, 95% Cl: [0.79-1.29])
and colorectal cancer risk (HR = 1.37, 95% Cl: [0.75-2.47]) between patients and controls. The
incidence of biliary tract cancer was higher than expected (SIR = 9.84, 95%Cl: [3.19-20.15]),
especially when UC patients suffered from primary sclerosing cholangitis. Male UC patients were
also more at risk of being diagnosed with hematologic malignancies (HR = 3.48, 95% Cl: [1.55-
7.82]). Being prescribed thiopurines was associated with a higher risk of cancer (HR = 2.03, 95% Cl:
[1.02-4.01]).

Conclusions: At 30years after diagnosis, the risk of all cancer in patients with UC was not
significantly increased compared with the general population. However, the risks of biliary tract
cancer and hematologic cancers were increased, particularly in male patients.
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Introduction UC had an increased risk for all cancers and for CRC, com-
pared to controls; in particular, male patients had an increased
risk for CRC [13]. This register-based study aimed to estimate
the risk of cancer in patients with UC compared to matched
controls, 30years after diagnosis; furthermore, to assess the

role of selected possible risk factors.

Ulcerative colitis (UC) is a type of inflammatory bowel disease
(IBD) that causes chronic inflammation of the large intestine.
Patients with UC are prone to complications and have
increased risks of several cancer types, including both intesti-
nal and extraintestinal cancers [1,2]. This excess risk has pri-
marily been described for colorectal cancer (CRC),
hepatobiliary, hematologic, and skin cancers [2,3]. The extent

of the risk of CRC is uncertain and has been diminishing in Materials and methods

recent times in several Nordic studies [4-7]. The increased
risk of cancer for patients with UC has been linked to chronic
inflammation, primary sclerosing cholangitis (PSC), and med-
ical treatment, notably involving thiopurines (TP) [8-10].
Therefore, updated estimates of cancer risk in longstanding
disease are needed to evaluate surveillance guidelines, espe-
cially considering that the prevalence of UC in Norway is one
of the highest in the world [11,12].

In this Norwegian population-based prospective cohort
(the IBSEN study), 20years after diagnosis, male patients with

Patient population

The Inflammatory Bowel South-Eastern Norway (IBSEN) study
prospectively included all patients with newly diagnosed IBD
residing in four counties in Southeast Norway from January
1, 1990, to December 31, 1993. The diagnosis was revised for
up to 10years after enrolment. All the patients were invited
to participate in structured interviews, follow-up visits, and
examinations including colonoscopy at one, five, 10, and 20
(£1) years after enrolment. Medical and surgical treatments
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were recorded until the last scheduled visit, at 20 (+1) years.
In addition, colonoscopies were performed when clinically
indicated. The design, methods, and procedures have previ-
ously been described in detail [14-17]. Examination for PSC
using magnetic resonance cholangiography was offered at
20years of follow-up to 222 of 314 patients who con-
sented [18].

Registry and definitions

The cancer incidence and mortality data were obtained from
the Cancer Registry of Norway (CRN). All medical doctors in
Norway must report new cancer cases to the CRN. Data from
the Cancer Registry were coded according to the International
Classification of Disease 10t revision (ICD-10), International
Classification of Diseases for Oncology 3 Edition (ICD-O-3),
and Surveillance, Epidemiology, and End Results (SEER)
stage [19]. Cancer diagnoses with low certainty were not
included. CRC was defined by ICD-10 codes C18-C20 and
C21.8, and biliary tract cancer was defined by codes C22.1
and C23-24.

The event was defined as the first occurrence of any can-
cer or of a specific cancer type from the date of enrolment
until December 31, 2020, or the end of follow-up. Patients
were censored for the risk of CRC when they underwent
proctocolectomy. Prescription of TP (azathioprine) was
defined by the presence of any prescription record at any
time until the last scheduled visit, at 20 (1) years.

Statistical analysis

All Norwegian citizens are assigned a unique digital identifi-
cation number which allows for the linking of data between
different registries. Each patient in the IBSEN cohort was age
and sex-matched with five controls residing in the same geo-
graphical area at the time of diagnosis, randomly drawn from
the Norwegian Population Register.

Categorical data are presented as counts and percentages.
Categorical data were compared using the chi-squared test.
The cumulative incidence of the first cancer occurrence was
plotted using the Kaplan—-Meier method adjusted for compet-
ing risks, and overall cumulative mortality using the Kaplan-
Meier method.

Cancer hazard ratios (HR) for patients compared to con-
trols were modelled using the Cox proportional hazard model
stratified by matched case-controls sets. The regression mod-
els were adjusted for age and sex when the analyses were
restricted to patients only.

When estimating the rates of rare cancer types, standard-
ized incidence ratios (SIR) were calculated as the ratio
between the observed and expected numbers. Expected inci-
dent cancer cases were derived from data openly available
from the Cancer Registry of Norway for the corresponding
time, regions, sex, and age groups [20]. The expected num-
bers for ‘intrahepatic bile duct cholangiocarcinoma’ (ICD-10
C22.1) or ‘overlapping cancer of the anus and rectum’ (ICD-10
C21.8) were not separately available from this data source
and therefore account for the SIRs of liver cancer and anal
cancer, respectively.

Confidence intervals (Cl) for the SIRs were calculated using
the Wilson and Hilferty approximation. P-values less than 0.05
were considered statistically significant. All analyses were
considered exploratory; no correction for multiple testing
was done. All analyses were performed using R statistical
software version 4.2.1 and the survival package version 3.3.

Ethical considerations

The Regional Committee for Medical and Health Research
Ethics (2010/1540 and 2019/1256) and the Oslo University
Hospital Data Protection Officer approved this register-based
study. Reporting and interpretation of data from the Cancer
Registry of Norway are the sole responsibilities of the authors,
and no endorsement by the Cancer Registry of Norway is
intended nor should it be inferred.

Results

The cohort included 519 patients with UC, followed by a
total of 12,473 person-years, and 371 patients were still alive
at the end of the study. Nine patients were lost to follow-up
because of emigration. Thirty-four patients underwent
proctocolectomy.

Overall, 83 patients were diagnosed with cancer, account-
ing for a total of 99 cancer diagnoses (Figure 1 and Table 1).
Patients with UC did not have a higher overall risk of cancer
(HR = 1.01, 95% Cl: [0.79-1.29]) than their matched controls,
regardless of sex (Table 2).

Colorectal cancer

The hazard rates for CRC were slightly increased in patients
with UC compared to controls, although not statistically sig-
nificant, neither in male nor female patients (HR = 1.37, 95%
Cl: [0.75-2.47]) (Table 2). There were three cases of colorectal
cancer located in the intestinal remnant. The extent of inflam-
mation at diagnosis did not change the HR for CRC (Left-sided
colitis HR = 1.30, 95% Cl: [0.26-6.44]; Pancolitis HR =2.46,
95% Cl: [0.85-7.10]; Proctitis as reference). CRC was signifi-
cantly more often detected at a localized stage in patients
than in controls and less often at a distant metastatic stage
(p=0.029) (Table 3). The 5-year survival rate for CRC was sim-
ilar between patients and controls (49.2%, 95% Cl: [29.7-
81.6%] and 47.1%, 95% ClI: [30.3-57.7%], respectively).

Biliary tract cancer

The incidence of biliary tract cancer was significantly higher
in patients with UC than expected (SIR = 9.84, 95%Cl: [3.19-
20.15]), with five extrahepatic biliary tract cancer (Table 4).
PSC was a considerable risk factor for developing biliary tract
cancers in patients with UC: out of five biliary tract cancer
cases, three had been diagnosed with PSC (Table 5).

Hematologic cancers

The risk for hematologic cancer was increased in male
patients with UC, compared to controls (HR = 3.48, 95% Cl:
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Figure 1. Cumulative incidence for cancer and mortality, stratified by sex, from the time of diagnosis. (a) Cumulative incidence of cancer and of death in women.

(b) Cumulative incidence of cancer and of death in men.

[1.55-7.82]) (Table 2). Two occurrences of lymphoma in the
intestinal region contributed to this increase, whereas only
one was observed in the control group. The SIRs for breast
and thyroid cancers were not significantly increased. In
female patients with UC, there were fewer cases of cancers
of the reproductive and intrathoracic organs than expected
(Table 4).

Patients who had been prescribed TP were then at a
higher risk of subsequent cancer than patients who did not
use TP (HR = 2.03, 95% Cl: [1.02-4.01]). Although the hazard
ratio was increased, being prescribed TP was not significantly
associated with a higher risk of ensuing hematologic cancer
in patients (HR = 2.94, 95% ClI: [0.58-14.90]) or non-melanoma
skin cancer (HR = 6.23, 95% Cl: [0.54-71.4]).
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Discussion

Overall, patients with UC in the IBSEN cohort did not show a
higher risk of cancer than the general Norwegian population,
despite the increased incidence of biliary tract cancer and
hematologic cancers. The increased overall cancer risk in
male patients of the IBSEN cohort, 20years after diagnosis,
has not been replicated in our extended follow-up [13]. In a
nationwide Danish cohort with 30years of follow-up, the SIR
of gastrointestinal malignancies has been declining with time
[21]. The IBSEN cohort may have the same trend, which could

Table 1. Demographic and clinical characteristics of the IBSEN study
population.
Number, Number with
at diagnosis (%) incident cancer (%)

Males 267 (51.4) 47 (56.6)
Females 252 (48.6) 36 (43.4)
Age < 17 20 (3.9) 2 (2.4)
Age 17-39 269 (51.8) 24 (28.9)
Age > 40 230 (44.3) 57 (68.6)
Proctitis 171 (32.9) 20 (23.2)
Left-sided colitis 182 (35.1) 31 (36)
Pancolitis 166 (32.0) 32 (37.2)
Smoker 68 (13.3)
Ex-smoker 156 (30.1)
Thiopurine prescription (%)

User 48 (9.2) 11 (13.3)

Non-user 438 (84.4) 68 (81.9)

Unknown 33 (6.4) 4 (4.8)

Table 2. Hazard ratios (HR) of the most frequent cancer types in patients com-
pared to controls.

UC females UC males uc
HR 95% Cl HR 95% CI  HR 95% CI
Cancer 090 0.62-1.30 1.12 0.80-1.56 1.01 0.79-1.29
(first occurrence)
Colorectal cancer 1.17 0.49-2.76 1.75 0.76-4.04 137 0.75-2.47
(C18-C20, C21.8)
Hematologic 0.81 0.23-2.89 348 1.55-7.82 2.08 1.08-4.00
malignancies
(C81-C96)

Table 3. Distribution of colorectal cancer (CRC) SEER stages in patients and
controls.

suggest that the current treatment strategies restrain the
UC-related risk of cancer.

The increased hazard rate for colorectal cancer was not
statistically significant, independently of the extent of intesti-
nal inflammation at diagnosis. This observation differs from
the results of recent larger studies from the Nordic countries,
which have found higher incidence ratios of CRC than in the
present study [4-6]. These studies have reported that the
excess risk of CRC may be highest shortly after diagnosis,
partly due to detection bias, and appears to have decreased
with time [5,6]. Norway has a high and still increasing
national incidence of CRC, which may explain the absence of
a significant difference in the present study [22].

CRC 5-year survival rate was not different compared with
controls, and accordingly, in a previous study, we did not
observe increased mortality caused by all gastrointestinal
cancers together or CRC specifically [23]. CRC was diagnosed
at an earlier stage than that in the controls, which may be
attributable to the awareness of the risk of CRC and the reg-
ular examinations undergone by patients with UC, including
polypectomy when indicated [5,24,25]. In the first 20years of
the IBSEN study, patients with UC underwent endoscopies
every 6.5years on average. Early detection probably contrib-
uted to a more favourable survival prognosis [24,26]. CRC
survival in Nordic countries has generally improved through-
out the IBSEN study [27].

Together, these findings indicate that the excess risk for
CRC was not as elevated as previously estimated and that
good adherence to endoscopic surveillance and current med-
ical management probably reduces the risk of this severe
complication [28].

The hazard ratio for biliary tract cancer was considerably
increased, which is particularly serious since the survival of
biliary tract cancer is poor [29]. PSC-UC was strongly associ-
ated with this risk in our study. The precise mechanism of
patients with UC developing PSC is unknown. PSC was

Table 5. Number of incident biliary tract cancers in patients with ulcerative
colitis (UC), patients with primary sclerosing cholangitis (PSC), and in controls.

Without biliary
tract cancer (n)

Biliary tract cancer
(€221, €23, C24 (n)

CRC SEER stage (n) Distant Regional Localized Unknown Patients with UC without PSC 2 496
Patients with UC 0 9 6 1 Patients with UC and PSC 3 18
Controls 12 34 8 9 Controls 7 2588
Table 4. Number of observed incident cancer diagnoses and standardized incidence ratios (SIR) of the common cancer types in patients.
Females Males SIR SIR SIR

ICD-10 Cancer type (n) (n) Females 95% Cl Males 95% Cl uc 95% Cl
C00-96 All cancer types 42 57 1.05 0.75-1.39 1.03 0.78-1.32 1.04 0.84-1.25
C15-26 Digestive organs 13 14 1.60 0.85-2.58 1.25 0.68-1.98 1.40 0.92-1.70
C18-C20 Colorectal 8 8 1.52 0.65-2.73 1.19 0.52-2.15 133 0.76-2.06
C23-C24 Hepatobiliary 2 3 8.27 1.00-23.05 11.25 2.32-27.1 9.84 3.19-20.15
C30-34, C38 Respiratory and intrathoracic 1 7 0.26 0.001-0.98 1.08 0.44-2.02 0.78 0.34-1.41

organs
43 Malignant melanoma 5 3 2.09 0.68-4.28 1.03 0.21-2.47 1.51 0.65-2.72
C44 Non-melanoma skin cancer 2 5 0.88 0.11-4.25 1.46 0.47-2.99 1.23 0.49-2.29
C50 Breast 12 0 1.27 0.66-2.09 0.00 - 1.26 0.65-2.07
C51-58 Female genital organs 1 0 0.20 0.00-0.72 0.20 0.00-0.72
C60-63 Male genital organs 0 8 0.50 0.22-0.90 0.50 0.22-0.90
C64-68 Urinary tract 3 3 1.64 0.34-3.95 0.55 0.11-1.31 0.82 0.30-1.59
c73 Thyroid gland 1 1 1.87 0.05-6.91 4.05 0.10-14.95 2.56 0.31-7.14
C81-96 Hematologic 3 1 0.95 0.20-2.30 231 1.15-3.87 1.77 0.97-2.81




diagnosed in 4.8% of the patients in the IBSEN study. This
prevalence is close to the national estimate and these of the
other Nordic countries, where the SIRs for biliary tract cancer
are similarly very high as a consequence of PSC [4,30,31].
These findings support stringent surveillance strategies for
the detection and follow-up of patients with PSC-UC [29].

PSC is also a known risk factor for CRC [2,32]. However,
the moderate size of the IBSEN cohort precluded estimating
this risk. The incidence of hematologic cancer was increased
in male patients. Fourteen cases during the study period (1.1
per 1000 person-years) represent a substantial absolute risk.
There were two lymphomas in the intestinal region, which is
a known risk for patients with IBD [33]. Local inflammation
itself may be a risk factor for the occurrence of lymphoma
and hematologic malignancies, together with the long-term
use of TP, inhibitors of TNF-a, and Epstein—Barr virus [10,34].
In our study, we did not find any significant association
between the use of TP and hematologic cancer or
non-melanoma skin cancer, which several reviews have
reported [35-38]. However, our data revealed that the use of
TP was associated with a higher risk of all cancers. The ben-
efit/risk ratio for every patient prescribed TP should be
assessed and relevant prevention measures implemented.

The SIR for thyroid cancer was not significantly increased
compared to the general population, differing from what has
been shown in other cohorts [4,6]. The incidence of thyroid can-
cer is very low therefore the interpretation of our results is
uncertain. Although the SIR for breast cancer was increased, the
estimate did not reach the level of statistical significance; there-
fore, the findings at 20years of follow-up were not replicated
[13]. Fewer lung cancers than expected were observed in female
patients with UC. The proportion of patients with a history of
smoking was lower than that of the background population in
the same period, which might have helped diminish the inci-
dence of cancers attributable to tobacco use [39].

Strengths and limitations

The strengths of this prospective population-based study are
the well-defined inclusion criteria systematically enforced by
dedicated specialists, the extensive clinical characterization
and the long follow-up time. Thus design misclassification,
selection, and observer bias were minimized.

Screening for PSC after 20years of follow-up contributed
to an accurate estimation of the prevalence of PSC by detect-
ing cases that would have otherwise remained subclinical.
Norwegian national health registers and the national identity
number facilitate data collection and analysis and allow the
drawing of matched controls.

The Cancer Registry of Norway has very good data com-
pleteness for most cancer types and precisely characterized
quality indicators [40]. Accordingly, there were a few patients
lost to follow-up. A limitation of our cohort is its moderate
size, which limits the statistical power, especially in the sub-
group analyses. Rare events inevitably lead to less accurate
estimates. The long follow-up period partially compensated
for the moderate cohort size by increasing the cumulative
number of cancer cases.

SCANDINAVIAN JOURNAL OF GASTROENTEROLOGY 5

No further prospective and systematic clinical data were
collected after 20years of follow-up, it was not possible to
associate recent medical treatment or precise cumulative
doses with the outcomes. Therefore, our definition of TP pre-
scription is binary and does not make assumptions about
cumulative doses. Furthermore, as a pre-biologic era cohort,
inhibitors of TNF-a were introduced during the second
decade after diagnosis and only 3.2% of patients had been
prescribed TNF-a inhibitors 20years after diagnosis. Therefore
no association between TNF-a inhibitors and the outcomes
could be tested in this study [13].

Clinically relevant data for the controls were not available
and consequently could not be adjusted for, for example,
cancer risk factors such as smoking. Lead-time bias may have
led to the apparent overestimation of the 5-year survival rate
for patients with CRC, although it is unlikely since the sur-
vival may be attributed to diagnosis at comparatively early
stages, and we did not either observe a difference in mortal-
ity due to CRC in the IBSEN study [23].

Conclusion

In this long-term study, the overall risk of cancer or CRC in
patients with UC was not significantly higher than in the
general population. However, since the incidence of CRC is
high in the Norwegian population, CRC continues to be an
important issue, and patients with UC will still need appropri-
ate surveillance.

In agreement with consensus knowledge, patients with UC
were at a higher risk of biliary tract cancers than the general
population, especially when PSC was present, and male
patients showed a high risk of developing hematologic
malignancies. The absolute risk for biliary tract cancer and
hematologic cancer is substantial and needs careful consider-
ation in clinical practice.
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