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Abstract

Background: There is continued uncertainty regarding the risks of hepato‐
pancreato‐biliary cancers in patients with inflammatory bowel disease (IBD) with

or without concomitant primary sclerosing cholangitis (PSC).

Objective: To give updated estimates on risk of hepato‐pancreato‐biliary cancers in

patients with IBD, including pancreatic cancer, hepatocellular carcinoma, gall

bladder cancer, and intra – and extrahepatic cholangiocarcinoma.

Methods: In a population‐based cohort study, we included all patients diagnosed

with IBD in Norway and Sweden from 1987 to 2016. The cohort comprised of

141,960 patients, identified through hospital databases and the National Patient

Register. Participants were followed through linkage to national cancer, cause of
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death, and population registries. We calculated absolute risk and standardized

incidence ratios (SIRs) of hepato‐pancreato‐biliary cancers by PSC and other clinical

characteristics.

Results: Of the 141,960 IBD patients, 3.2% were diagnosed with PSC. During a

median follow‐up of 10.0 years, we identified 443 biliary tract cancers (SIR 5.2, 95%

confidence interval [CI] 4.8–5.7), 161 hepatocellular carcinomas (SIR 2.4, 95% CI

2.0–2.7) and 282 pancreatic cancers (SIR 1.3, 95% CI 1.2–1.5). The relative risks

were considerably higher in PSC‐IBD patients, with SIR of 140 (95% CI 123–159)

for biliary tract, 38.6 (95% CI 29.2–50.0) for hepatocellular, and 9.0 (95% CI 6.3–

12.6) for pancreatic cancer. The SIRs were still slightly increased in non‐PSC‐IBD

patients, compared to the general population. For biliary tract cancer, the cumula-

tive probability at 25 years was 15.6% in PSC‐IBD patients, and 0.4% in non‐PSC‐
IBD patients.

Conclusions: The dramatically increased risks of hepato‐pancreato‐biliary cancers in

PSC‐IBD patients support periodic surveillance for these malignancies. While much

lower, the excess relative risks in non‐PSC‐IBD patients were not trivial compared

to non‐IBD related risk factors.

K E Y W O R D S

biliary tract cancer, cholangiocarcinoma, hepato‐pancreato‐biliary cancer, hepatocellular
carcinoma, IBD, inflammatory bowel disease, pancreatic cancer, primary sclerosing cholangitis,
PSC, PSC‐IBD

INTRODUCTION

Inflammatory bowel disease – including ulcerative colitis, Crohn's

disease and unclassified IBD – is the most common non‐malignant

chronic disease affecting the gastrointestinal tract. The estimated

prevalence of IBD exceeds 0.3% in North America and most coun-

tries in Europe.1 There is a lack of robust epidemiological data on the

risk of hepatocellular carcinoma and biliary tract cancer (with

detailed classification) in IBD patients,2,3 and inconsistent findings on

the risk of pancreatic cancer.4–6 Existing evidence from population‐
based studies7 is characterised by older cohorts,8 small cohorts,9,10

lack of classification of extent of IBD3 or information on PSC,2,11 or

no detailed classification of cancer outcomes.12

Hepato‐pancreato‐biliary cancers develop in the liver (mainly

hepatocellular carcinoma), the intra‐ and extra‐hepatic biliary ducts,

or the pancreas. Despite of the low incidence rates (IRs) of hepato‐
pancreato‐biliary cancers globally,13 these cancers are associated

with an extremely poor prognosis as they are often detected at

advanced stages due to the paucity of symptoms at early stages.

Early detection is therefore pivotal for potentially curative resection.

Thus, identifying robust risk factors of hepato‐pancreato‐biliary

cancer are important to guide surveillance strategies and increase

survival of these malignancies.

Although the exact prevalence is unclear, approximately 2%–5%

of patients with IBD develop PSC, a chronic disorder characterized

by fibrotic biliary strictures, progressing to liver cirrhosis.14 About

60%–80% of PSC patients have concomitant IBD.15 PSC might be an

independent risk factor for developing gastrointestinal malignancies

and it has become increasingly clear that IBD co‐existing with PSC

may be distinct from IBD alone,16 though the aetiology and patho-

genesis of PSC remain unclear. Compared to IBD patients alone,

patients with IBD and PSC experience a substantially higher excess

risk of colorectal cancer,17,18 but few studies of adequate size and

design have provided precise long‐term risk estimates of other

gastrointestinal cancers in IBD.19 Therefore, we aimed to investigate

the absolute and relative risks of hepato‐pancreato‐biliary cancers in

Norwegian and Swedish IBD patients with and without PSC in a large

population‐based study with long‐term follow‐up.

MATERIAL AND METHODS

Study population

Cohort members were identified from hospital databases across

Norway and the National Patient Register in Sweden. We identified

all patients with a first diagnosis of IBD from 1 January 1987 to 31

December 2015 in Norway, and to 31 December 2016 in Sweden.

The individually unique national registration numbers assigned to all

residents in Norway and Sweden enabled linkage to registries con-

taining data on morbidity (Norway: hospital databases, Sweden:

National Patient Register), cancer (Cancer Registry of Norway, The
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Swedish Cancer Register), mortality (The Norwegian Cause of Death

Registry, The Swedish Cause of Death Register), demographics and

migration (Norway: The National Population Register, Sweden: The

Total Population Register). Each patient was followed from date of

IBD onset until cancer diagnosis, emigration, death, or end of follow‐
up (Norway: 31 December 2015; Sweden: 31 December 2016),

whichever came first. Patients were not censored due to other

cancer outcomes.

Exposure ascertainment

In both countries, in‐patient diagnoses were collected during the

whole study period. In Norway, out‐patient diagnoses became grad-

ually available in the hospital databases. In Sweden, out‐patient data

were only available starting in 2001; patients diagnosed up until

2003 therefore represent a mix of patients with incident and prev-

alent IBD (Figure S1). To increase specificity of disease classification,

we required at least two hospital contacts, out‐patient visits or

hospital admissions with a diagnosis of IBD.20

We defined IBD subtypes using the first two diagnostic listings:

Patients were classified as having ulcerative colitis (International

Classification of Disease [ICD] version 9: 556, ICD‐10: K51) or

Crohn's disease (ICD‐9: 555, ICD‐10: K50) if their first two codes

were for ulcerative colitis or Crohn's disease, respectively, and un-

classified IBD if their first two codes were ICD‐10 K523 or any

combination of codes for ulcerative colitis, Crohn's disease, or

indeterminate colitis. In all main analyses, the date of the second

diagnostic listing was defined as date of IBD onset. We used the

Montreal classification to define extent of disease during follow‐up,

using ICD‐9 and ICD‐10 codes (see Table S1 for details).21 The most

severe disease extension during follow‐up was used to classify pa-

tients. Additionally, the IBD diagnosis definitions was validated in a

subset of Norwegian patients, by comparing registry data to medical

records (Table S2).

Outcomes

We used the nationwide cancer registers in Norway and Sweden to

ascertain the main outcomes: biliary tract cancer (including intra-

hepatic cholangiocarcinoma [iCCA], extrahepatic cholangiocarcinoma

[eCCA], gallbladder cancer [GBC], ampulla of Vater cancer, and un-

specified/overlapped types), hepatocellular carcinoma, and pancre-

atic cancer (Table S3). The Norwegian cancer registry collects

information reported by both clinicians and pathologists, and infor-

mation on cancers from death certificates. The Swedish Cancer

Register also collects information reported by both clinicians and

pathologists. However, because cancers with a poor prognosis are

less likely to be reported, a subset of cancers can only be identified

from death certificates in Sweden.22,23 To keep consistency between

the two countries, we therefore excluded cancers which were only

recorded from death certificates in Norway. In sensitivity analyses,

we included cancers captured from both cancer and cause of death

registries.

Other variables

We used hospital databases (Norway) and the National Patient

Register (Sweden) to ascertain possible diagnosis of PSC using ICD

codes (Norway: ICD‐9 5761, ICD‐10 K830; Sweden: ICD‐8 57,505,

ICD‐9 576B, ICD‐10 K830). In Norway, the PSC definition was vali-

dated using the patient registry of the Norwegian PSC Research

Centre, which holds data on all PSC patients treated at the Norwe-

gian tertiary referral centre for PSC at Oslo University Hospital,

Rikshospitalet (https://www.ous‐research.no/nopsc; Table S11). In-

formation on liver transplantation in Norway was ascertained

through the Nordic liver transplant registry, which holds all liver

transplants performed in Norway (www.scandiatransplant.org).

Key summary

Established knowledge:

� Patients with inflammatory bowel disease (IBD) and

concomitant primary sclerosing cholangitis (PSC) have

for long been recognised as having a particular increased

risk of hepato‐pancreato‐biliary cancers.

� Previous estimates of the cancer risks in IBD patients

with and without PSC have been limited due to the lack

of large, population‐based cohort studies with long‐term

follow‐up.

New findings:

� We present a large bi‐national population‐based cohort

study estimating risks of hepato‐pancreato‐biliary can-

cers in IBD patients with and without PSC.

� In PSC‐IBD patients, we found, as expected, a signifi-

cantly increased risk of hepato‐pancreato‐biliary cancers

compared to the general population, with up to 140‐fold

increased risk for biliary tract cancer.

� Cumulative incidence was highest for biliary tract cancer,

at more than 15% after 25 years in patients with PSC‐
IBD. These patients also had an increased risk of hepa-

tocellular carcinoma and pancreatic cancer, with cumu-

lative incidence of 3.7% and 2.3% after 25 years,

respectively.

� In IBD patients without PSC, there was a more than two‐
fold increased risk of biliary tract cancer compared to the

general population, but the cumulative incidence was

lower than 1% after 25 years.
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Information on liver transplantation in Swedish IBD cohort was

collected from the National Patient Register (surgery codes in Nor-

way and Sweden: fifth and sixth revision [1963–1996] codes 5200/

5202, seventh revision [1997‐present] code JJC).

Statistical analysis

We calculated crude IRs for each cancer site and country, and IRs

standardized to the age‐ and sex‐structure of the Norwegian IBD

cohort as of 1987. Cumulative probabilities were calculated by

Kaplan‐Meier method. The general population of Norway and Swe-

den served as reference, as reporting of all cases of cancer in the two

countries is mandatory. Next, standardized incidence ratios (SIRs, the

ratios of observed cancer cases divided by expected cancer cases in

the population) with 95% confidence intervals (CIs) were calculated

to estimate the relative risk of each cancer in IBD patients, compared

to the general population in Norway and Sweden. The expected

number was derived by multiplying the person‐years at risk with

country‐, age‐ (5 year strata), sex‐, and calendar year‐specific IRs in

the general population. We calculated SIRs totally and stratified by

co‐existing PSC (as a time‐varying covariate), with different charac-

teristics. Patients with PSC contributed person‐time to the non‐PSC

group until the date of PSC diagnosis. Thus, patients could contribute

person‐time in both groups, depending on when they were diagnosed

with PSC. Cochran‐Armitage Trend test was used to evaluate cancer

risks across age groups and follow‐up years since IBD onset. Stan-

dardized incidence ratios using data from Norway and Sweden were

analysed separately and combined. More details on sensitivity ana-

lyses are shown in Supporting Information. There was no missing

data.

All analyses were performed using Stata software (Version 15.0;

StataCorp, College Station, TX). Two‐sided p‐values <0.05 were

considered statistically significant.

RESULTS

Overall risk of hepato‐pancreato‐biliary cancers in
IBD patients

We included 141,960 IBD patients, 84,887 with ulcerative colitis,

45,077 with Crohn's disease, and 11,996 with unclassified IBD, with a

mean age of 45.1, 41.1, and 43.7 years at IBD diagnosis, respectively

(Table 1, Table S4). The total follow‐up included 1,537,188 person‐
years, with a median follow‐up of 10.0 years. Flowchart of patients

included from Norway and Sweden is shown in Figure 1. Primary

sclerosing cholangitis was diagnosed at baseline or during follow‐up

in 3.2% of all IBD patients. The mean time from IBD onset to first

diagnostic listing of PSC was 6.8 years (standard deviation

[SD] = 6.2).

We ascertained 443 biliary tract cancers, 161 hepatocellular

carcinomas and 282 pancreatic cancers yielding crude IRs of 28.8,

10.5, and 18.3 per 100,000 person‐years, respectively (Table 2).

Patients with Crohn's disease had lower incidence of all three can-

cers than patients with ulcerative colitis and unclassified IBD.

Moreover, IBD patients had a higher age‐ and sex‐standardized IR of

biliary tract cancer compared to the background population (Fig-

ures S2 and S3).

For biliary tract cancer, the relative risk was increased 5‐fold

(SIR 5.2, 95% CI 4.8–5.7). The risk increase was higher in males

(SIR 7.7, 95% CI 6.9–8.6) than in females (SIR 3.1, 95% CI 2.6–3.6).

The 2‐fold increased risk of hepatocellular carcinoma (SIR 2.4, 95%

CI 2.0–2.7) was similar in males and females but was higher in pa-

tients younger than 20 years at IBD diagnosis (trend test, p‐
value = 0.005). Risk of pancreatic cancer was only slightly increased

(SIR 1.3, 95% CI 1.2–1.5). For both biliary tract and pancreatic cancer,

SIRs were higher during the first year after IBD onset. After this first

year, we observed no trend towards higher risk with longer follow‐up

for any cancer (Table 2).

Risk of hepato‐pancreato‐biliary cancers in IBD
patients by PSC

Among the 4548 IBD patients with PSC, the mean age at PSC diag-

nosis was 40.2 years, 66.2% were male, and 72.8% were classified as

having ulcerative colitis (Table 1). Crude IRs of PSC in the IBD cohort

are shown in Figure S4. Table 3 shows that the crude IRs of three

cancers in PSC‐IBD patients are much higher than those in patients

with IBD alone. The cumulative probability of each cancer was

significantly higher in PSC‐IBD patients than patients with IBD alone,

with the 25 year cumulative probabilities of 15.6%, 3.7% and 2.3% for

three cancers, respectively (Figure 2, Table S5).

Patients with both PSC and IBD diagnosed with biliary tract

cancer were predominantly male with ulcerative colitis, with a high

proportion of pancolitis during follow‐up. These characteristics were

not consistent in patients with hepatocellular carcinoma or

pancreatic cancer (Table 4). Biliary tract cancer was diagnosed in

234 IBD patients with PSC, compared to two expected (SIR 140,

95% CI 123–159), a 56 times higher SIR than that among IBD pa-

tients alone; SIRs were 38.6 (95% CI 29.2–50.0) and 1.6 (95% CI

1.3–1.9) in patients with PSC‐IBD and IBD alone for hepatocellular

carcinoma, and 9.0 (95% CI 6.3–12.6) and 1.2 (95% CI 1.0–1.3) for

pancreatic cancer, respectively. Standardized incidence ratios were

higher in the first year of follow‐up in both patients with and

without PSC, but had no trend in the longer follow‐up years

(Table 4).

Crude IRs and SIRs for GBC and subtypes of other biliary

tract cancers are listed in Table S6. The subtype iCCA had the

highest SIRs, with 220 (95% CI 179–269) and 3.5 (95% CI 2.6–4.5)

in IBD patients with PSC and without PSC, respectively.
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T A B L E 1 General characteristics of patients with inflammatory bowel disease (IBD) by primary sclerosing cholangitis (PSC), in Norway
and Sweden, 1987–2016

Parameters

Total patients (n, %)

PSC‐IBD Non‐PSC‐IBD Total

Total patients 4548 137,412 141,960

Total person‐years 38,867 1,498,321 1,537,188

Median follow‐up years (IQR) 12.7 (6.7–17.6) 9.9 (4.3–15.5) 10.0 (4.5–15.6)

Sex

Female 1536 (33.8) 67,631 (49.2) 69,167 (48.7)

Male 3012 (66.2) 69,781 (50.8) 72,793 (51.3)

Age at IBD diagnosis

Mean � SD 37.6 � 18.7 43.9 � 19.3 43.7 � 19.4

<20 959 (21.1) 14,515 (10.6) 15,474 (10.9)

≥20 and <40 1710 (37.6) 48,920 (35.6) 50,630 (35.7)

≥40 and <60 1242 (27.3) 42,317 (30.8) 30,789 (21.7)

≥60 637 (14.0) 31,660 (23.0) 32,297 (22.8)

Calendar year of IBD diagnosisa

1987–2002 2589 (56.9) 57,917 (42.1) 60,506 (42.6)

2003–2015/6 1959 (43.1) 79,495 (57.9) 81,454 (57.4)

IBD subtype

Ulcerative colitis 3313 (72.8) 81,574 (59.4) 84,887 (59.8)

Crohn's disease 830 (18.2) 44,247 (32.2) 45,077 (31.7)

IBD unclassified 405 (8.9) 11,591 (8.4) 11,996 (8.5)

Extent of ulcerative colitisb

Total, n 3313 81,574 84,887

E1 (proctitis) 125 (3.8) 12,856 (15.8) 12,981 (15.3)

E2 (left‐sided) 72 (2.2) 13,925 (17.1) 13,997 (16.5)

E3 (extensive) 2590 (78.2) 38,754 (47.5) 41,344 (48.7)

Ex (not defined) 526 (15.9) 16,039 (19.7) 16,565 (19.5)

Age at PSC diagnosisc 40.2 � 18.5

Calendar year of PSC diagnosisa

Before 1980 50 (1.1) ‐ ‐

1980–1989 323 (7.1) ‐ ‐

1990–1999 882 (19.4) ‐ ‐

2000–2009 1801 (39.6) ‐ ‐

2010–2016 1492 (32.8) ‐ ‐

Cancer types of outcomes

Biliary tract cancer 234 (5.2) 209 (0.2) 443 (0.3)

Hepatocellular carcinoma 57 (1.3) 104 (0.1) 161 (0.1)

Pancreatic cancer 35 (0.8) 247 (0.2) 282 (0.2)

Abbreviations: IQR, interquartile range; Non‐PSC‐IBD, IBD patients without PSC; PSC‐IBD, IBD patients with PSC; SD, standard deviation.
aPatients diagnosed before 2002 could represent a mix of prevalent and incident patients with IBD, as outpatient data were gradually included in

hospital databases and the Swedish national patient register, see Figure S1 for details.
bDefinitions and diagnostic codes were used according to the Montreal classifications using ICD‐9 and ICD‐10 in Norwegian data and ICD‐10 in

Swedish data, representing maximum disease involvement during follow‐up, see Table S1 for details.
cAge at PSC diagnosis (mean � SD) defined as the age or calendar year that patients had PSC, no matter with IBD or not.
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Additionally, there was a higher proportion of pancreatic cancer

located in the head of pancreas in PSC‐IBD patients (17/35 for

PSC‐IBD and 84/247 for non‐PSC‐IBD, Table S7).

Sensitivity analyses

Analyses where Swedish patients were limited to those diagnosed

with IBD between 2003 and 2016 showed similar results as the

main analyses (data not shown). Crude IRs per 100,000 person‐
years increased with 37.0% biliary tract cancer, 12.4% for hepa-

tocellular carcinoma and 59.0% for pancreatic cancer when we

included cancers both from the cancer and cause of death regis-

tries; however, the SIRs changed only marginally as more cancers

were also captured in the background population (Figure S3 and

Table S8). The sensitivity analyses on onset of IBD showed similar

results as the main analyses (Table S9). In sensitivity analyses

where onset of PSC was set back 2, 5, and 10 years resulted in no

statistically significant changes to the results (Table S10). Addi-

tionally, censoring for liver transplantation did not change the

results (data not shown).

DISCUSSION

In our cohort of patients with IBD, we found a 5.2‐, 2.4‐, and 1.3‐fold

higher risk for biliary tract cancer, hepatocellular carcinoma, and

pancreatic cancer than the general population, respectively. The

excess risk of biliary tract cancer and hepatocellular carcinoma

decreased with age at onset of IBD. Our most seminal finding was the

140‐, 38.6‐, and 9.0‐fold increased risk of these three cancers among

PSC‐IBD patients, respectively; at the same time, slightly increased

risks were also found in IBD patients without a recognized diagnosis

of PSC.

The main strengths of this study are its large size, prospective

population‐based design, and virtually complete long‐term follow‐up

and coverage, which allow accurate calculation of risks. Our defini-

tions of IBD and PSC exposure proved trustworthy against validation

of medical records and quality registers, respectively. Few previous

studies have allowed separate analyses of cancer risk in PSC‐IBD

patients and IBD patients alone with adequate statistical power.

Methodologic challenges might explain why prior evidence in this

field is limited and inconsistent; the studied population, methodology,

and potential environmental factors may explain variations between

F I G U R E 1 Flowchart of study population with inflammatory bowel disease (IBD) in Norway and Sweden, 1987–2016
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different studies. Most previous studies did not have adequate sta-

tistical precision or the necessary data to quantify risk separately for

the three cancer sites and by co‐existing PSC status.9–11 Studies

based on small numbers have reported a 1.3‐ to 4‐fold increased risk

of biliary tract cancer or merged with liver cancer in IBD pa-

tients,8,12,24 and inconsistent findings for pancreatic cancer.5,6,8,12,25

More compelling evidence supports that IBD with concomitant PSC

substantially increases the risk of biliary tract cancer although these

studies were usually based on small numbers.3,26,27

Two of the aforementioned studies3,6 had quite large sample

size of IBD patients, however, the Danish‐Swedish study on

pancreatic cancer have shorter follow‐up and did not report risks in

IBD patients without a diagnosis of PSC.6 They found an overall IR

in IBD patients of 22.1 per 100,000 person‐years (95% CI 20.1–

24.2), which is comparable to our results (18.3 per 100,000 person‐
years [95% CI 16.3–20.6]). The UK study3 lacked information on

extent of IBD, merged intra‐ and eCCA, and had a follow‐up period

of only 10 years. The short follow‐up period could lead to inflated

estimates since many cancers in PSC‐IBD are detected within the

first year after onset.28 They reported an overall IR (IR) of

pancreatic cancer of 5.5 (95% CI 4.4–6.8), hepatocellular carcinoma

IR of 3.2 (95% CI 2.3–4.2), and cholangiocarcinoma of IR 11.8 (95%

CI 10.1–13.7) per 1000 person‐years in PSC‐IBD. The rates are

considerably higher than in our study, with pancreatic cancer IR of

0.9 (0.63–1.3), hepatocellular carcinoma IR of 1.5 (95% CI 1.1–1.9),

and IR for intra‐ and eCCA of 1.9 (95% CI 1.5–2.3) and 1.30 (95%

CI 0.96–1.7) per 1000 person‐years, respectively. The study

confirmed our finding of increasing risk with onset of PSC‐IBD at a

young age.

Moreover, another recent study based on Nordic population,

focused on death of hepatobiliary cancers instead of incidence and

reported a two‐ to 7‐fold risk of HCC‐, iCCA‐ and eCCA‐deaths in

IBD patients than the matched general population.29

Our study confirms the extremely increased risk for hepato‐
pancreato‐biliary cancers in PSC‐IBD patients, especially for

biliary tract cancer, compared to the general population. However,

precisely how PSC increases the risk of hepato‐pancreato‐biliary

cancers in IBD patients remains unknown. The development of

malignancies may involve an inflammation‐dysplasia‐carcinoma

sequence. Due to the known increased risk, patients with PSC and

IBD often undergo annual examination for colon cancer and hep-

atobiliary neoplasia as recommended by international societies.30,31

The majority of IBD patients (about 95%–97%) do not have

concomitant PSC. In this study, non‐PSC‐IBD patients had 2.5‐fold

higher risk for biliary tract cancer, 60% increased risk for hepato-

cellular carcinoma, and 20% increased risk for pancreatic cancer

than the general population, much lower than those in PSC‐IBD

patients. However, compared with most known risk factors for

these three cancers, the effects cannot be ignored. On the one

hand, the chronic and persistent mucosal inflammation and perhaps

microbiota alterations in the gastrointestinal tract in patients with

IBD may increase the risk for malignant transformation. On the

other hand, the associations are possibly affected by underdiagnosisT
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F I G U R E 2 Cumulative probability with 95% confidence intervals of hepato‐pancreato‐biliary cancers in patients with inflammatory bowel
disease (IBD) with and without primary sclerosing cholangitis (PSC), by years after diagnosis in Norway and Sweden, 1987–2016. PSC‐IBD,

IBD patients with PSC; Non‐PSC‐IBD, IBD patients without PSC. Since PSC is treated as a time‐varying covariate, years since diagnosis
represents time with PSC for the PSC‐IBD group, and time since IBD diagnosis for the non‐PSC group. Log‐rank test, p‐value <0.001 for all
outcomes

T A B L E 3 Crude incidence rates per 100,000 person‐years and observed numbers of hepato‐pancreato‐biliary cancers in patients with
inflammatory bowel disease (IBD) by primary sclerosing cholangitis (PSC), in Norway and Sweden, 1987–2016

Parameters

PSC‐IBD Non‐PSC‐IBD

No. of events IR (95% CI) No. of events IR (95% CI)

Biliary tract cancer

Overall 234 602 (527–684) 209 13.9 (12.1–16.0)

Ulcerative colitis 195 657 (568–756) 140 15.7 (13.2–18.5)

Crohn's disease 23 372 (236–558) 49 9.7 (7.2–12.8)

IBD unclassified 16 534 (305–867) 20 19.9 (12.2–30.7)

Hepatocellular carcinoma

Overall 57 147 (111–190) 104 6.9 (5.7–8.4)

Ulcerative colitis 46 155 (113–207) 60 6.7 (5.1–8.6)

Crohn's disease 10 162 (77.5–297) 36 7.1 (5.0–9.9)

IBD unclassified 1 33.4 (0.8–186) 8 8.0 (3.4–15.7)

Pancreatic cancer

Overall 35 90.1 (62.7–125) 247 16.5 (14.5–18.7)

Ulcerative colitis 24 80.9 (51.8–120) 153 17.1 (14.5–20.1)

Crohn's disease 9 146 (66.5–276) 73 14.5 (11.3–18.2)

IBD unclassified 2 66.7 (8.1–241) 21 20.9 (12.9–31.9)

Note: Patients with PSC contributed person‐time to the non‐PSC group until the date of PSC diagnosis.

Abbreviations: CI, confidence interval; IR, incidence rate, per 100,000 person‐years; Non‐PSC‐IBD, IBD patients without PSC; PSC‐IBD, IBD patients

with PSC.
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of PSC, residual confounding, or surveillance bias. The increased risk

in the years immediately following IBD diagnosis point towards a

level of detection bias, and symptoms of IBD and hepatobiliary

cancer may overlap.

Underdiagnosis of PSC in IBD patients would lead to

increased risk estimates in the group we defined as non‐PSC

IBD patients, and a certain level of clinically unrecognized PSC

cannot be excluded. Indeed, in one study of patients with IBD

T A B L E 4 Standardized incidence ratios of hepato‐pancreato‐biliary cancers in patients with inflammatory bowel disease (IBD) by primary
sclerosing cholangitis (PSC), in Norway and Sweden, 1987–2016

Parameters

Biliary tract cancer, SIR (95% CI) Hepatocellular carcinoma, SIR (95% CI) Pancreatic cancer, SIR (95% CI)

PSC‐IBD Non‐ PSC‐IBD PSC‐IBD Non‐ PSC‐IBD PSC‐IBD Non‐ PSC‐IBD

Overall 140 (123–159) 2.5 (2.2–2.9) 38.6 (29.2–50.0) 1.6 (1.3–1.9) 9.0 (6.3–12.6) 1.2 (1.0–1.3)

Sex

Female 71.0 (53.3–92.8) 1.9 (1.5–2.4) 54.4 (31.1–88.4) 1.9 (1.3–2.7) 7.3 (3.6–13.3) 1.2 (1.0–1.4)

Male 198 (170–229) 3.2 (2.7–3.8) 34.6 (24.9–47.0) 1.4 (1.1–1.8) 10.2 (6.5–15.3) 1.2 (1.0–1.4)

Age at IBD diagnosis

<20 924 (564–1441) 28.2 (11.3–60.4) 357 (97.4–915) 20.7 (5.6–52.9) ‐ ‐

≥20 and <40 436 (354–531) 6.2 (4.5–8.4) 87.1 (51.6–138) 2.5 (1.3–4.2) 20.5 (9.4–40.0) 1.1 (0.6–1.8)

≥40 and <60 115 (92.3–142) 2.7 (2.2–3.3) 34.9 (22.8–51.1) 1.3 (0.9–1.8) 8.6 (5.0–13.9) 1.3 (1.1–1.6)

≥60 40.2 (26.3–59.3) 1.6 (1.2–2.0) 17.5 (8.0–33.2) 1.5 (1.1–2.0) 6.2 (2.8–12.1) 1.1 (0.9–1.3)

Ptrend
a 0.266 <0.001 0.476 0.253 0.495 0.425

Calendar year of IBD diagnosisb

1987–2002 148 (127–171) 2.7 (2.3–3.2) 45.5 (33.8–60.0) 1.5 (1.2–1.9) 9.2 (6.1–13.5) 1.2 (1.0–1.4)

2003–2015/6 118 (87.6–156) 2.2 (1.7–2.8) 18.5 (7.4–38.1) 1.6 (1.1–2.2) 8.4 (3.6–17.1) 1.2 (1.0–1.5)

Years since diagnosis

≤1 466 (326–648) 4.3 (2.8–6.3) 88.1 (28.6–206) 2.0 (0.9–3.7) 30.8 (9.9–76.4) 2.4 (1.7–3.3)

>1 and ≤2 129 (61.8–243) 2.0 (1.0–3.6) 52.1 (10.7–152) 1.1 (0.4–2.6) 12.2 (1.4–52.9) 1.5 (1.0–2.3)

>2 and ≤5 152 (107–210) 2.2 (1.5–3.1) 53.3 (25.5–98) 2.3 (1.6–3.4) 5.6 (1.1–18.3) 1.1 (0.8–1.4)

>5 and ≤10 114 (83.9–152) 2.4 (1.8–3.1) 31.5 (15.7–56.4)) 1.1 (0.7–1.7) 8.4 (3.6–17.1) 0.9 (0.6–1.1)

>10 121 (98.7–147) 2.5 (2.0–3.1) 33.9 (22.5–49.0) 1.5 (1.1–2.0) 8.3 (4.8–13.4) 1.2 (1.0–1.4)

Ptrend
c 0.919 0.678 0.946 0.612 0.972 0.822

IBD subtype

Ulcerative colitis 154 (134–178) 2.7 (2.3–3.2) 40.9 (30.0–54.6) 1.4 (1.1–1.8) 8.1 (5.2–12.1) 1.1 (0.9–1.3)

Crohn's disease 78.1 (49.5–118) 1.9 (1.4–2.5) 40.7 (19.5–74.9) 1.8 (1.3–2.6) 14.0 (6.4–27.3) 1.3 (1.0–1.6)

IBD unclassified 140 (80.0–230) 3.8 (2.3–5.9) 9.2 (0.2–51.4) 1.9 (0.8–3.7) 7.7 (0.9–33.4) 1.5 (1.0–2.4)

Extent of ulcerative colitisd

E1 (proctitis) 322 (184–529) 2.9 (1.8–4.5) 52.6 (6.4–190) 0.8 (0.2–1.9) 5.8 (0.1–47.3) 1.2 (0.8–1.7)

E2 (left‐sided) 58.1 (6.5–252) 2.0 (1.1–3.3) ‐ 0.7 (0.2–1.6) 13.7 (0.2–112) 1.2 (0.7–1.8)

E3 (extensive) 128 (107–153) 3.0 (2.3–3.8) 37.9 (26.1–53.2) 1.3 (0.9–1.9) 6.7 (3.7–11.2) 0.9 (0.7–1.2)

Ex (not defined) 242 (182–315) 2.4 (1.6–3.4) 60.1 (30.0–108) 2.3 (1.5–3.5) 14.9 (6.0–31.9) 1.4 (1.0–1.9)

Note: Patients with PSC contributed person‐time to the non‐PSC group until the date of PSC diagnosis.

Abbreviations: CI, confidence interval; Non‐PSC‐IBD, IBD patients without PSC; PSC‐IBD, IBD patients with PSC; SIR, standardized incidence ratio;
ap values were estimated by Cochran‐Armitage test for trend.
bPatients diagnosed before 2002 could represent a mix of prevalent and incident patients with IBD, as outpatient data were gradually included in

hospital databases and the Swedish national patient register, see Figure S1 for details.
cp values were estimated by Cochran‐Armitage test for trend, excluding the first year of follow‐up.
dDefinitions and diagnostic codes were used according to the Montreal classifications using ICD‐9 and ICD‐10 in Norwegian data and ICD‐10 in

Swedish data, representing maximum disease involvement during follow‐up, see Table S1 for details.
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lasting at least 20 years where only 2.2% were known to have

PSC, magnetic resonance cholangiography screening revealed a

prevalence of PSC‐like lesions of 8.1%.32 We validated our

definition of PSC in IBD patients against a regional PSC patient

register in Norway, with a reassuring sensitivity of 97%, which

suggests that we miss very few clinically recognized PSC cases

among IBD patients (Table 11). To our knowledge, capture of

PSC in the Swedish National Patient register should be equally

complete. Sensitivity analyses where the date of PSC diagnosis

was set back in time did not affect our estimates. We did not

consider the fact that diagnostic modalities for PSC have

changed throughout the study period, but estimates based on

patients diagnosed from 2003 were similar to those diagnosed in

the prior period.

Several limitations of our study deserve emphasis. First of all,

there may be misclassification of cancer outcomes. The close

anatomical location, often advanced stage with extensive and

metastatic tumour growth at diagnosis, and difficulties to obtain

biopsies for precise histopathologic diagnosis, may muddle the

distinction between cancer in the pancreatic head and distal biliary

tract cancers. For biliary tract cancers, 11% were classified as

overlapping or unspecified, while for pancreatic cancers, this was

about 47%. Such difficulty motivates cautious interpretation of the

increased risk for hepatocellular and particularly pancreatic cancer,

especially in non‐PSC‐IBD patients, because misclassification of

some biliary tract cancers might have contributed to the increased

estimates. Conversely, it also means that the rate of biliary tract

cancer among IBD patients might be underestimated. Although

there is no clear mechanism behind the increased risk of hepato-

cellular and pancreatic cancers in IBD patients, we chose to

analyse the three cancer outcomes together, to elucidate any

possible misclassifications. Another limitation is that early symp-

toms of these three cancers might prompt detection of a yet un-

diagnosed PSC and/or IBD (surveillance bias). We used the second

diagnostic listing of IBD in main analyses, which has already

attenuated the bias and consequently limited the impact on the

risk estimates, although the excess risk remained high during the

first year of follow‐up. Our main analysis was based on capture

from cancer registries, but considerable underreporting of hepato‐
pancreato‐biliary cancers has been demonstrated in the Swedish

cancer registry.22,23,33 In sensitivity analyses we therefore also

included cancers detected in cause of death registry, but there is a

chance that we missed cancers that were only recorded at hos-

pitals. While any comparisons to the general population are still

valid, this would lead to an underestimation of IRs. Another limi-

tation of the present study, as to be expected of register‐based

studies, is the lack of information on potential confounding vari-

ables. Incidence rates could be expected to be higher in certain

subgroups of patients according to factors such as smoking status,

alcohol use, autoimmune hepatitis, and hepatitis virus C or B

status. However, with the exception of autoimmune hepatitis, we

expect the distribution of these to be balanced in patients with

IBD compared to the general population, and the relative esti-

mates should therefore not be severely biased. Furthermore, we

did not assess the effects of surveillance, which could have varied

throughout the study period and between different centres, or any

immunomodulatory or surgical therapies on cancer risk. Finally, our

cohort focused on Nordic population, and there may be ethnic

differences in the occurrence of IBD with or without PSC.3

Caution is recommended when generalizing the cancer risks to

other populations.

In conclusion, our large population‐based study indicates that

patients with IBD experience increased risks of both biliary tract

cancer, hepatocellular carcinoma, and pancreatic cancer. Onset of

PSC substantially increases risks of all hepato‐pancreato‐biliary

cancers in IBD patients, which justifies periodic surveillance to

detect hepato‐pancreato‐biliary malignancies.
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