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Background: Patients with Crohn's disease (CD) are most often diagnosed as young adults; therefore, long-term studies are needed to assess
the risk of cancer over their lifetime. Thus, the aims of the present study were to determine the risk of cancer in a Norwegian population-based
cohort (the Inflammatory Bowel South Eastern Norway [IBSEN] study), 30 years after diagnosis, and to assess whether patients with CD were
at an increased risk of specific cancer types.

Methods: The IBSEN cohort prospectively included all incident patients diagnosed between 1990 and 1993. Data on cancer incidence were
obtained from the Cancer Registry of Norway. Overall and cancerspecific hazard ratios (HRs) for CD patients compared with age- and sex-
matched controls were modeled using Cox regression. Standardized incidence ratios (SIRs) were estimated compared to the general population.

Results: In total, the cohort included 237 patients with CD, and 36 of them were diagnosed with cancer. Compared to the general Norwegian
population, patients with CD had an increased overall risk of cancer (HR = 1.56, 95% Cl: 1.06-2.28), particularly male patients (HR = 1.85, 95%
Cl: 1.08-3.16). The incidence of lung cancer and nonmelanoma skin cancer was increased; however, the difference was not statistically signifi-
cant (SIR =2.29, 95% Cl: 0.92-4.27 and SIR = 2.45, 95% Cl: 0.67-5.37, respectively).

Conclusions: After 30 years of follow-up, the risk of all cancers in patients with CD was increased compared to the general population.

Lay Summary

A cohort study with a 30-year follow-up determined that male Crohn's disease patients were at a higher risk of being diagnosed with cancer than
the general population. Though not statistically significant, lung and skin cancers had the most incident cases.
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Introduction The Inflammatory Bowel South Eastern Norway (IBSEN)
study found that patients with CD were not at an increased
risk for cancer compared to controls at 20 years follow-up.’
The aims of the present study were to determine the risk
of cancer in the IBSEN study, 30 years after diagnosis, and
to assess whether patients with CD were at an increased

cancer-specific risk, compared with the general Norwegian

Crohn’s disease (CD) is a chronic inflammatory disease
of the gastrointestinal tract, and complications associ-
ated with longstanding inflammation might arise after
several decades.! The disease course of CD is heteroge-
neous; while some patients have a mild disease course, a
large proportion of patients require surgical interventions.

Moreover, some patients may suffer serious extraintestinal
manifestations involving joints, skin, eyes, and even
malignancies.>* Additionally, side effects of medical
treatments including immunosuppressive drugs raise the risk
of distinct extraintestinal cancers, such as lymphoma and
nonmelanoma skin cancer (NMSC).>*

Longitudinal population-based studies are best suited to
represent the spectrum of CD phenotypes and are therefore to
assess the long-term disease course and prognoses of patients
with CD.

population.

Material and Methods

Patient Population

The IBSEN study prospectively included all patients with
newly diagnosed inflammatory bowel disease (IBD) residing in
4 counties in South-Eastern Norway from January 1, 1990, to
December 31, 1993. All patients were invited to participate in
prescheduled follow-up visits and examinations at 1, 5, 10, and
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20 (1) years after enrollment. Medical and surgical treatments
were recorded until the last prescheduled visit. The diagnosis
was revised for up to 10 years after enrollment. Based on the
clinical information collected at the time of diagnosis, the dis-
ease phenotype was retrospectively classified according to its
location and behavior. The design, methods, and procedures
have previously been described in detail elsewhere.®”

Data Sources and Definitions

All Norwegian residents are assigned a unique digital identi-
fication number which allows for the linking of data between
different registries. The cancer incidence and mortality data
were obtained from the Cancer Registry of Norway (CRN).
All medical doctors in Norway are obliged to report new
cancer cases to the CRN. Data from the CRN were coded
according to the International Classification of Disease
(ICD-10).

Cancer cases with a low certainty of diagnosis were not
included. Neoplasms of uncertain behavior (ICD-10 D codes)
were not included either.

Each patient in the IBSEN cohort was matched for age and
sex with 5 individuals residing in the same geographical area
at the time of diagnosis, randomly drawn from the Norwegian
National Population Register.

Prescription of thiopurines or TNF-a inhibitors is defined
as the presence of any recorded prescription, up to 20 years
after the diagnosis.

Statistical Analysis

Categorical data are presented as counts and percentages.

Event was defined as the first occurrence of any cancer from
the date of enrollment until December 31, 2020, or the end of
follow-up. Follow-up started from the date of enrolment and
ended at the time of emigration, end of study, or death.

Prescription of thiopurine or biologics was defined by the
presence of any prescription record at any time, until the last
scheduled visit at 20 (1) years.

The cumulative incidence of the first cancer occurrence
was plotted using the Kaplan—-Meier method adjusted for
competing risks. Overall cumulative mortality was plotted
using the Kaplan—-Meier method.

Cancer risks for patients compared to controls were mod-
eled using the Cox proportional hazard model stratified by
matched case—control sets. When the analyses were restricted
to patients only, the regression models were adjusted for age
and sex. The results are expressed as hazard risk ratios (HRs)
with 95% confidence intervals (Cls).

Standardized incidence ratios (SIRs) were computed as the
ratio between the observed and expected numbers of inci-
dent cancers. Expected incident cancer estimations were de-
rived from openly available incidence data from the CRN for
the corresponding sex, time, regions, and age groups.” The
incidence of “cholangiocarcinoma” (ICD-10 C22.1) and
“overlapping cancer of the anus and rectum” (ICD-10 C21.8)
was not available from this data source. Therefore, the inci-
dence of these cancer subtypes contributes to the SIRs of liver
cancer and anal cancer, respectively.

Confidence intervals for the SIRs were calculated using the
Wilson and Hilferty approximation.

P-values less than .05 were considered statistically signifi-
cant. All analyses were considered exploratory; no correction
for multiple testing was done.
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All analyses were performed using R statistical software
version 4.2.1 and the survival package version 3.3.

Ethical Considerations

The study has been approved by the Regional Committee for
Medical Research Ethics and the University Hospital Data
Protection Officer.

The interpretation and reporting of these data are the sole
responsibility of the authors, and no endorsement by the
CRN is intended, nor should it be inferred.

Results

In total, 237 patients were included, and 3 were lost to fol-
low-up due to emigration. At diagnosis, disease location
in the colon only was the most common, with 48.5% of
patients, and the most common behavior was nonstricturing
nonpenetrating (62 %). The median age of patients alive at the
end of the study was 55 years old. The cohort characteristics
are presented in Table 1.

Cancer was diagnosed in 36 patients, and 1 patient was
diagnosed with cancer twice. Figure 1 illustrates the cumula-
tive incidence of cancer and death stratified by gender.

Patients with CD were almost 1.6 times more likely to be
diagnosed with cancer, compared to their matched controls
(HR = 1.56, 95% CI: 1.06-2.28) (Table 2). Male patients
specifically were at a significantly higher risk of being
diagnosed with cancer (HR =1.85, 95% CI: 1.08-3.16),
while the cancer risk in female patients was not statistically
significantly different from their controls (HR = 1.32, 95%
CIL: 0.76-2.28).

Table 1. Demographic and clinical characteristics of the IBSEN cohort.

Number of Number with
patients (%) incident cancer (%)

Females 118 (49.8) 17 (47.3)
Males 119 (50.2) 19 (52.7)
Age at diagnosis

Age <17 29 (12.2.) 3(1.3)

Age 17-39 138 (58.2) 12 (5.1)

Age 240 70 (29.5) 21 (8.9)
Location at diagnosis

Tleal 64 (27.0) 10 (4.2)

Colonic 115 (48.5) 17 (7.3)

Ileocolonic 54 (22.8) 9 (3.8)

Upper disease 4(1.7) 0 (0)
Disease behavior at diagnosis

Non-stricturing 147 (62.0) 20 (8.4)

non-penetrating

Stricturing 64 (27.0) 11 (4.6)

Penetrating 26 (11.0) 5(2.1)
Smoker at diagnosis 95 (40.1) 16 (6.8)
Prescription until 20 years of follow-up

Thiopurines 95 (40.1) 15 (6.3)

TNF-q. inhibitors 42 (17.7) 9(3.8)
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Figure 1. A, Cumulative incidence of cancer and death in female patients and controls. B, Cumulative incidence of cancer and death in male patients

and controls.

When comparing the standardized incidence of selected
cancer types between CD patients and the general population,
no specific cancer type was statistically significantly different
(Table 3).

Lung cancer was the most frequent cancer type, and the
SIR approached statistical significance (SIR =2.29, 95% CI:

0.92-4.27). All patients who were diagnosed with lung cancer
had a history of tobacco smoking.

There were 4 cases of NMSC, which is more than twice
the expected number. However, the incidence was not sig-
nificantly increased, compared to the general population
(SIR =2.45,95% CI: 0.67-5.37).



The incidence of colorectal cancer was not different
compared with the general population (SIR = 0.79, 95% CI:
0.16-1.91).

In patients with CD, the prescription of thiopurines was
not associated with a higher risk of subsequent cancer
(HR = 0.93, 95% CI: 0.48-1.80).

Discussion

The overall risk for cancer was significantly increased in
patients with CD compared to the general population, al-
though our data did not reveal statistically significant
increased incidence for any specific cancer type.

Male patients specifically were at a higher risk of cancer
than matched controls.

The same trend had already been revealed after 20 years
of follow-up, but because there were fewer cancer cases, the
precision of the estimates was limited.

Even after 30 years of follow-up, the median age of patients
with CD in the IBSEN cohort is still relatively low, so the
expected incidence of cancer is correspondingly low. This
underscores the need for long-term studies, as patients with
Crohn’s disease are often diagnosed as young adults.

In spite of the small number of incident cancer cases in
patients with CD in the IBSEN cohort, the observed increase
in cancer risk corroborates with what has been found in com-
parable studies. Studies from nationwide and/or population-
based Nordic countries which span several decades have also
found that patients with CD are at an increased risk for cancer

Table 2. Hazard ratios for occurrence of first cancer in IBSEN patients.

Hazard ratio 95% CI
All patients 1.56 1.06-2.28
Females 1.32 0.76-2.28
Males 1.85 1.08-3.16

Bold font indicates statistical significance (P-value <.05).
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compared to the general population, to a similar magnitude,
and more so than patients with ulcerative colitis (UC).!%-!?

A population-based cohort study from the Netherlands, in-
cluding 1157 CD patients since 1991, also found an overall
increased risk of cancer.'® In this cohort, the risks of NMSC
and hematologic malignancies were particularly elevated, and
were associated with exposure to immunosuppressive drugs
and thiopurines.

In a nationwide Danish cohort study starting in 1978 with
13 756 patients, after 30 years of follow-up, patients with CD
had an increased incidence of cancer compared to the general
population, in particular, gastrointestinal cancer, hematologic
malignancies, smoking-related cancer, and melanoma.°

Another long-term Danish cohort from Copenhagen with
373 patients, initiated in 1962, reported an increased risk of
intestinal, respiratory, and skin cancers.!'

In Finland, a nationwide register study over 20 years found
that male patients with CD had an incidence of cancers higher
than expected. This was essentially due to cancers of the small
intestine, biliary tract cancers, NMSC, and myeloma.'?

In the IBSEN cohort, the SIR of lung cancer was particu-
larly increased and this finding is probably related to smoking,
since all patients with lung cancers had a history of smoking.
In the IBSEN cohort, the proportion of CD patients with a
history of smoking at diagnosis was high in comparison with
the general population, as is often the case for CD cohorts.!*!5

Moreover, there were more cases of skin cancers than ex-
pected based on the estimates from the general Norwegian
population. Treatment with thiopurines results in a higher
risk of NMSC.!® Treatment with TNF-a inhibitors might be
associated with melanoma though recent reviews do not sup-
port this association.>!” In the IBSEN cohort, 1 patient with
NMSC was prescribed thiopurines, 1 patient TNF-a inhib-
itor only, and 2 patients were prescribed both. Biologics were
available approximately from the 10-year control visit, and
their use was recorded until the 20-year visit. The analysis
of dose-response is not possible either for biologics or for
thiopurines.

Protection from UV rays and smoking cessation may help
reduce the incidence of skin cancers and lung cancers.

Table 3. Standardized incidence rates (SIR) for most common cancer types in IBSEN patients.

ICD-10 Cancer type Observed males  Observed Females  SIR males 95% CI SIR females 95% CI SIR all 95% CI
Total 20 17 1.35 0.82-2.00 1.09 0.64-1.67 1.22 0.86-1.64
C15-26 Digestive organs 2 3 0.68 0.08-1.89 0.97 0.20-2.35 0.83 0.27-1.70
C18-C21 Colorectal 1 2 0.57 0.01-2.09 0.99 0.12-2.76 0.79 0.16-1.91
C30-34, C38 Respiratory 4 3 2.40 0.65-5.26 2.15 0.44-5.19  2.29 0.92-4.27
and intrathoracic organs
C43 Malignant melanoma 2 0 2.28 0.28-6.34 0 nc 1.08 0.13-3.01
C44 Non-melanoma skin 3 1 3.85 0.79-9.28 1.17 0.03-4.32  2.4S 0.67-5.37
cancer
C43-C44 Skin S 1 3.02 0.98-6.18 0.55 0.01-2.02 1.72 0.63-2.27
C50 Breast 0 N 0 nc 1.36 0.44-2.79 1.36 0.44-2.78
C51-63 Genital organs S 2 1.18 0.38-2.42 1.00 0.12-2.78
C64-68 Urinary tract 2 1 1.40 0.17-3.91 1.46 0.04-5.37 1.42 0.29-3.42
C73 Thyroid gland 0 1 0 nc 4.24 0.11-15.64 3.09 0.08-11.41
C81-96 Hematologic 2 0 1.46 0.18-4.08 0 nc 0.77 0.09-2.15

cancer




Risk of Cancer in Patients With Crohn’s Disease

Fewer hematologic malignancies than expected were
diagnosed, contrary to what was observed in patients with
UC from the same IBD cohort, particularly male patients. This
is in spite of the higher proportion of CD patients exposed to
thiopurines during the first 20 years compared to UC, and
that thiopurines are known to increase the risk for hema-
tological malignancies.> The lower-than-expected incidence
may be due to the fact that, within the IBSEN cohort, patients
with CD are on average younger than patients with UC.

Few gastrointestinal or colorectal cancers were diagnosed,
and the incidence was not significantly different from controls.
In nationwide studies, patients with CD have been found at
a high relative risk of small bowel cancer, especially when
diagnosed before 17 years old.'*2° For example, a Norwegian
and Swedish nationwide register study found the risk of small
bowel adenocarcinoma in CD patients to be increased by 8
times compared to the general population.!® Because the pro-
portion of patients diagnosed before 17 years was low, and
small bowel cancer has an age-standardized incidence rate
under 3 per 100 000 years in the Norwegian population, the
IBSEN study is not sufficiently powered to assess the risk of
small bowel cancer.

In the IBSEN cohort, young age at diagnosis has been asso-
ciated with advanced disease and surgery.?! The high rate of in-
testinal surgery, including almost half of the patients, may have
contributed to preventing gastrointestinal cancer development.??

A nationwide register-based cohort study in Denmark
and Sweden, with patients included from 1969, found an
increased risk of colorectal cancer diagnosis (HR = 1.40 95%
CI: 1.27-1.53).%® The incidence of colorectal cancer in the
general Norwegian population is high, which may diminish
the estimated SIR of colorectal cancer in the present study.?*

The SIR of breast cancer was not statistically significantly
increased.

Lastly, in a previous study, after 30 years of follow-up,
patients with CD of the IBSEN cohort did not have signifi-
cantly higher mortality with cancer as the underlying cause
of death.”

Strengths and Limitations

The main strength of this prospective study is the well-defined
inclusion criteria implemented by dedicated specialists and
hospitals, designed to minimize selection bias, and the long-
term follow-up. The population-based study design allows
to include the diversity of CD presentation and clinical
courses.

Norwegian national health registries and the national iden-
tity number allow data linkage across registries. In addition,
the drawing of matched control individuals from the general
population is made possible.

The CRN has very good data completeness for most cancer
types and precisely characterized quality indicators.?62

A limitation of our cohort is its moderate size, which inevi-
tably limits the statistical power, most severely for rare events.
The limited statistical power may have caused the observed
difference in incidence of rare cancer types to appear under
the significance level.

The long follow-up period partially compensated for the
moderate cohort size by increasing the cumulative number of
cancer cases.

No further prospective and systematic clinical data were
collected after 20 years of follow-up; therefore, it was not

possible to investigate possible associations between recent
medical treatment or precise cumulative doses and cancer
risk.

Relevant data for the controls, for example, known cancer
risk factors such as smoking, were not available and conse-
quently could not be adjusted for.

Basal cell carcinomas are not recorded by the CRNj there-
fore, comparing our results for NMSCs incidence to other
cohorts which include this cancer type may be biased.'>'3

Conclusions

In our long-term study, we have estimated the current risk
of cancer in a well-characterized population-based cohort of
CD patients. The risk of cancer in CD patients of the IBSEN
cohort was higher than for their matched controls, especially
for males, which highlights the potential severity of CD and
the risk of serious complications. The incidence of gastroin-
testinal cancers was not higher than expected.
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