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ABSTRACT

◥

Background: Inﬂammatory bowel disease (IBD) has been associated with hepatobiliary cancer, but existing evidence is poor. We
evaluated risk of death from hepatocellular carcinoma (HCC),
intrahepatic cholangiocarcinoma (ICC), and extrahepatic cholangiocarcinoma (ECC) among patients with IBD.
Methods: This Swedish/Danish population-based cohort study
(1969–2017) followed patients with IBD and 1:10 matched population comparators from their diagnosis/match date until death,
emigration, or end of follow-up.
Results: Among the 97,496 patients with ulcerative colitis/
963,026 comparators, we found 66/390 HCC-deaths, 120/173
ICC-deaths, and 91/220 ECC-deaths (median follow-up 10
years); the 10-year-mortality was 0.5‰ (per mille) for HCC,
0.6‰ for ICC, and 0.4‰ for ECC, which decreased to 0.3‰,
0.4‰, and 0.2‰, respectively, in 2003–2017. Overall hazard
ratios (HR) were 1.83 [95% conﬁdence interval (CI), 1.41–2.38]
for HCC-, 7.33 (95% CI, 5.81–9.25) for ICC-, and 4.46 (95% CI,

Introduction
Inﬂammatory bowel disease (IBD), that is, ulcerative colitis
and Crohn’s disease are widely acknowledged as risk factors for
intestinal cancers. This is likely related at least in part to chronic
inﬂammation (1–5). In up to 30% of patients with IBD, extraintestinal
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3.49–5.70) for ECC-deaths. A total of 22/66 HCC-deaths, 87/120
ICC-deaths, and 55/91 ECC-deaths occurred among patients
with ulcerative colitis with primary sclerosing cholangitis (PSC),
corresponding to 10-year-mortality of 6.7‰, 26.2‰, and
17.2‰, respectively. Among 47,399 patients with Crohn’s disease (median follow-up 11 years), 10-year-mortality from HCC
(n ¼ 28), ICC (n ¼ 28), and ECC (n ¼ 24) were 0.3‰, 0.1‰,
and 0.3‰, respectively, and corresponding HRs were 1.96
(95% CI, 1.31–2.93), 3.33 (95% CI, 2.19–5.09), and 3.10 (95%
CI, 1.97–4.87). One of 28 HCC-deaths, 14/28 ICC-deaths
(10-year-mortality 19‰), and 12/24 ECC-deaths (10-year-mortality
14‰) occurred after PSC.
Conclusions: Risk of HCC-, ICC-, and ECC-deaths was low in
patients with IBD and decreased over time. However, a large
proportion of deaths occurred after PSC.
Impact: Guidelines on speciﬁc surveillance strategies for patients
with IBD with PSC, but not those without PSC, are needed.
manifestations complicate the disease course and some manifestations
may represent an underlying reason for the association between IBD
and increased risk of extraintestinal cancer (1, 6). Especially primary
sclerosing cholangitis (PSC) has been identiﬁed as a risk factor for
hepatobiliary cancer (7, 8).
Although the relative risk of hepatobiliary cancer seems to be
increased among patients with IBD (1, 3, 7, 9–16), existing evidence
suggests that the overall absolute 10-year risk is lower than 1% (10).
Despite this low absolute risk, updated detailed evidence about the
association between IBD and hepatobiliary cancer is pivotal for several
reasons. First, hepatobiliary cancer is associated with an extremely
grave prognosis with median survival of less than one year (10, 17).
Early detection of hepatobiliary cancer is crucial for potentially
curative treatment (18). Second, much existing evidence is limited as
it does not allow categorization of IBD or hepatobiliary cancer into
subtypes, does not capture age of IBD onset, disease extent, duration,
or severity of inﬂammation in IBD, and lacks valid information on
PSC (1, 7, 9–16). Such data are important, as they may reveal
subgroups of patients at particularly high cancer risk and may improve
understanding of the disease. Third, there is a striking lack of updated
evidence focusing on absolute risks. Hence, clinicians make decisions
based on data that in some instances are more than 20 years old and
often are expressed as relative risks. Updated evidence reﬂecting
patients exposed to modern IBD treatment becomes important as
improved treatment and healthcare could impact hepatobiliary cancer
risk. Finally, existing evidence presents methodological challenges
identical to those recently outlined for studies of colorectal cancer
risk in patients with IBD (2, 5, 19). In particular, closer surveillance of
patients with IBD, especially those with PSC, may lead to earlier
hepatobiliary cancer diagnosis potentially introducing lead time bias in
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studies of cancer incidence. In addition, as clinicians are well aware of
hepatobiliary cancer as a complication of IBD, differential misclassiﬁcation may be an issue. Evaluating risk of hepatobiliary cancer–
related death rather than hepatobiliary cancer diagnosis may be one
way to reduce these limitations. To our knowledge, no studies to date
have addressed these methodological challenges.
In this context, we evaluated absolute and relative risk of hepatobiliary cancer–related death and hepatobiliary cancer diagnosis in
Swedish and Danish patients with IBD using detailed, prospectively
recorded, population-based data with long-term follow-up.

Materials and Methods
This binational cohort study was based on existing health registries.
Both Sweden and Denmark have tax-supported healthcare providing
equal access for all residents (20–22). Their combined population was
15.7 million in 2018 (10.1 million in Sweden and 5.6 million in
Denmark). Data were linked among registries by using the unique
personal identity numbers assigned to all residents in both countries.
Lost-to-follow-up did not occur, as the unique personal identity
numbers are used in all registries and population registries to keep
track of emigration and vital status for all residents.
Patients with IBD
We identiﬁed patients with IBD from the Swedish and Danish
national patient registries, as previously described (2, 5, 23–27).
Data spanned January 1, 1969–December 31, 2017 (outpatient data
since 2001) in Sweden and January 1, 1979–December 31, 2011
(outpatient data since 1995) in Denmark. In brief, IBD was deﬁned
as ≥2 records (inpatient or hospital-based outpatient) with a
relevant International Classiﬁcation of Disease (ICD) code or
one ICD code plus a biopsy with morphology suggestive of IBD
(Supplementary Table S1). We deﬁned date of ﬁrst IBD diagnosis as
the date of the ﬁrst record (diagnosis or biopsy) of IBD. However, to
avoid immortal time bias, follow-up started on the date of the
second record. The median time period between ﬁrst and second
record is between 0.04 and 0.9 years for 2003–2017 data (detailed
data previously published; refs. 2, 5). Patients diagnosed with
hepatobiliary cancer before the start of follow-up were excluded
(n ¼ 66). Patients with IBD were categorized according to subtype
[ulcerative colitis, Crohn’s disease, and unclassiﬁed IBD (IBD-U)],
age at diagnosis (<18, 18 ≤ 40, 40 ≤ 60, and ≥60 years), maximum
disease extent or location during follow-up according to the Montreal classiﬁcation (Supplementary Table S2), and presence/absence
of PSC or extraintestinal manifestations during follow-up (Supplementary Table S3). Of note, ICD-7/8 codes were non-speciﬁc for
PSC. Relevant analyses thus started in 1987 in Sweden and in 1994
in Denmark, when ICD-9/10 codes became available. Finally,
patients with IBD were categorized according to surgical treatment
during follow-up (Supplementary Table S4).
General population cohort
For each IBD patient, we matched up to 10 comparators from the
general population on age, calendar year, sex, and residence using data
from the population registries (20, 21, 28). Each matched comparator
had to be alive and free of IBD at start of follow-up (date of second
diagnostic listing or biopsy for their matched case) and stopped
contributing risk-time as a comparator in the event of a future IBD
diagnosis date. As for patients with IBD, we excluded population
comparators with hepatobiliary cancer before the date of start of
follow-up.
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Hepatobiliary cancer
The primary outcome measure was death from hepatobiliary
cancer, as deﬁned in the causes of death registries (Supplementary
Table S5; refs. 29, 30). The secondary outcome was incident hepatobiliary cancer as captured in the cancer registries (31, 32). For both the
primary and the secondary outcomes, hepatobiliary cancer was categorized according to subtypes, that is, hepatocellular carcinoma
(HCC), intrahepatic cholangiocarcinoma (ICC), and extrahepatic
cholangiocarcinoma (ECC; ref. 33).
Comorbidity
For patients with IBD and comparators from the general population, we identiﬁed comorbidities present before or at start of follow-up,
including chronic hepatitis, liver cirrhosis, chronic alcoholism, diabetes, and chronic obstructive pulmonary disease (proxy for heavy
smoking). Relevant ICD codes are listed in Supplementary Table S6.
Statistical analysis
We followed patients with IBD from the second IBD diagnosis or
pathology report suggestive of IBD, and from the corresponding date
in matched comparators until death from HCC, ICC, or ECC, death
from other causes, emigration, or end of follow-up (December 31, 2017
in Sweden and December 31, 2011 in Denmark), whichever came ﬁrst.
For the secondary outcome, that is, incident HCC, ICC, or ECC, we
followed patients until date of diagnosis, death, emigration, or end of
follow-up. As a measure of absolute risk, we calculated 10-year
cumulative incidence proportions of death from HCC, ICC, and ECC
(restricted to cancers diagnosed after start of follow-up), treating death
from other causes as a competing risk (34). Adjusted differences in
cause-speciﬁc cumulative incidences were estimated using linear
regression with pseudo-observations of the 10-year cumulative incidence as the outcome variable (35). We calculated crude incidence
rates as the number of HCC, ICC, and ECC deaths divided by total
follow-up time. In stratum-speciﬁc analyses (IBD extent, PSC, other
extraintestinal manifestations, and surgery), follow-up started on the
date of the corresponding ﬁrst registry record of extent/PSC/extraintestinal manifestations/surgery for the patients with IBD and the
same date for comparators. We also calculated hazard ratios (HR) with
95% conﬁdence intervals (CI) using stratiﬁed Cox proportional hazard
regression associating IBD with death from HCC, ICC, or ECC. We
adjusted the HR of HCC death for chronic hepatitis, alcohol-related
diseases (other than liver cirrhosis), diabetes, and chronic obstructive
pulmonary disease (the latter as a suboptimal surrogate for smoking).
We did not adjust for liver cirrhosis because this could be an intermediate between IBD and HCC death (mediated through PSC).
For our secondary outcomes, that is, incident HCC, ICC, and ECC,
we used a methodology similar to that described previously for deaths
from HCC, ICC, and ECC.
We also assessed time trends of hepatobiliary cancer risk by (1)
calculating HRs for hepatobiliary cancer–related mortality and for
hepatobiliary cancer diagnosis stratiﬁed by calendar period of ﬁrst IBD
diagnosis; (2) using different years for the end of follow-up; and (3)
contrasting HRs for all years of follow-up (1969–2017) with HRs for all
persons at risk during 2013–2017.

Results
We identiﬁed a total of 161,905 patients with IBD and 1,598,769
matched population comparators during the study period (Table 1).
Among the patients with IBD, 60% had ulcerative colitis (median
follow-up 10 years), 29% had Crohn’s disease (median follow-up 11
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Table 1. Characteristics of patients with IBD and general population comparators in Sweden (1969–2017) and Denmark (1979–2011).

Total
Ulcerative colitis
Crohn’s disease
IBD unclassiﬁed
Country
Sweden
Denmark
Sex
Female
Male
Age at ﬁrst diagnosis (y)
Median (IQR)
<18
≥18–<40
≥40–<60
≥60
Year of ﬁrst IBD diagnosis
2003–2017
1991–2002
1977–1990
1969–1976
Age at end of follow-up (y)
Median (IQR)
<18
≥18 to <40
≥40 to <60
≥60
Length of follow-up (y)
≥0 to <1
≥1 to <5
≥5 to <10
≥10 to <20
≥20
Extraintestinal manifestations
Number classiﬁed
Primary sclerosing cholangitis
Other extraintestinal manifestations
Heredity
Hepatobiliary cancer in 1st degree relative
Comorbidities at start of follow-up
Chronic hepatitis
Liver cirrhosis
Alcohol-related diseases other than cirrhosis
Type 1 and 2 diabetes
Chronic obstructive pulmonary disease
Surgery during follow-up
Total colectomy
Other intestinal resections
Perianal surgery

IBD

Population comparators

161,905 (100)
97,496 (60.2)
47,399 (29.3)
17,010 (10.5)

1,598,769 (100)
963,026 (60.2)
468,032 (29.3)
167,711 (10.5)

112,839 (69.7)
49,066 (30.3)

1,110,730 (69.5)
488,039 (30.5)

82,023 (50.7)
79,882 (49.3)

811,135 (50.7)
787,634 (49.3)

38 (26–56)
15,031 (9.3)
70,464 (43.5)
42,708 (26.4)
33,702 (20.8)

38 (25–56)
149,761 (9.4)
699,044 (43.7)
421,612 (26.4)
328,352 (20.5)

73,617 (45.5)
52,959 (32.7)
29,082 (18.0)
6,247 (3.9)

731,778 (45.8)
523,952 (32.8)
283,751 (17.7)
59,288 (3.7)

56 (41–71)
2,347 (1.4)
36,961 (22.8)
50,991 (31.5)
71,606 (44.2)

57 (41–72)
23,410 (1.5)
368,593 (23.1)
496,793 (31.1)
709,973 (44.4)

10,740 (6.6)
32,593 (20.1)
35,487 (21.9)
53,727 (33.2)
29,358 (18.1)

83,450 (5.2)
316,602 (19.8)
353,728 (22.1)
539,092 (33.7)
305,897 (19.1)

159,932
4,320 (2.7)
21,167 (13.2)

NA
NA
NA

889 (0.5)

8,066 (0.5)

1,351 (0.8)
1,973 (1.2)
11,795 (7.3)
24,525 (15.1)
13,985 (8.6)

9,337 (0.6)
7,502 (0.5)
89,209 (5.6)
196,937 (12.3)
89,932 (5.6)

18,288 (11.3)
31,285 (19.3)
7,566 (4.7)

NA
NA
NA

Abbreviations: IQR, interquartile range; NA, not applicable.

years), and 11% had IBD-U (median follow-up 8 years). The female/
male ratio was roughly 1:1, and median age at ﬁrst diagnosis/match
date was 38 years. Among patients with IBD, 3% had PSC, 13% had
other extraintestinal manifestations, 11% underwent a total colectomy,
and 19% had other intestinal resections during follow-up. At start of
follow-up, comorbidities were more prevalent among patients with
IBD than among population comparators (Table 1). As expected given
country size, we identiﬁed approximately two thirds of the binational
study population in Swedish registries (see Supplementary Tables S7
and S8 for country-speciﬁc details).
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Hepatocellular carcinoma
Among 97,496 patients with ulcerative colitis, we observed 66
deaths from HCC. This corresponded to a 10-year risk of death
from HCC of 0.5‰ (0.5/1,000 patients; Table 2), compared with
0.3‰ among matched population comparators (risk difference 0.2‰;
95% CI, 0.1‰–0.4‰; Fig. 1). Although the 10-year risks of HCC death
varied across subgroups of patients with ulcerative colitis (higher in
males vs. females, in those with onset at age <60 years vs. those with
onset at age ≥60 years, and in patients with extensive colitis vs.
proctitis/left-sided colitis), the absolute risk was low for all subgroups
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Table 2. Ten-year cumulative incidence proportion [per mille (‰)] of hepatobiliary cancer–related deaths in patients with ulcerative
colitis.

Total
Sweden
Denmark
Sex
Female
Male
Age at ﬁrst IBD diagnosis (y)
<18
18 to <40
40 to <60
≥60
Year of ﬁrst diagnosis
2003–2017
1990–2002
1977–1989
1969–1976
Montreal classiﬁcation
E1 (ulcerative proctitis)
E2 (left-sided colitis)
E3 (extensive colitis)
EX (extent not deﬁned)
Extraintestinal manifestations
Primary sclerosing cholangitis
Other extraintestinal manifestations
Surgery during follow-up
Total colectomy
Other intestinal resections
Perianal surgery

Hepatocellular carcinoma
Ulcerative colitis Comparators

Intrahepatic cholangiocarcinoma
Ulcerative colitis Comparators

Extrahepatic cholangiocarcinoma
Ulcerative colitis Comparators

0.5 (0.3–0.6)
0.5 (0.3–0.7)
0.5 (0.2–0.7)

0.3 (0.2–0.3)
0.3 (0.2–0.3)
0.2 (0.2–0.3)

0.6 (0.4–0.7)
0.6 (0.4–0.8)
0.4 (0.2–0.6)

0.1 (0.1–0.1)
0.1 (0.1–0.2)
0.1 (0.1–0.2)

0.4 (0.3–0.6)
0.6 (0.4–0.8)
0.1 (0.0–0.2)

0.1 (0.1–0.2)
0.2 (0.1–0.2)
0.1 (0.0–0.1)

0.2 (0.0–0.3)
0.8 (0.5–1.0)

0.1 (0.1–0.1)
0.4 (0.3–0.5)

0.3 (0.2–0.5)
0.8 (0.5–1.0)

0.1 (0.1–0.2)
0.1 (0.1–0.1)

0.3 (0.1–0.4)
0.6 (0.4–0.9)

0.1 (0.1–0.2)
0.1 (0.1–0.2)

Too few events
0.1 (0.0–0.3)
0.8 (0.4–1.2)
0.8 (0.4–1.3)

Too few events
0.0 (0.0–0.0)
0.3 (0.2–0.4)
0.8 (0.6–0.9)

0.4 (0.0–0.9)
0.4 (0.2–0.6)
0.6 (0.3–0.9)
0.9 (0.5–1.4)

0.0 (0.0–0.0)
0.0 (0.0–0.0)
0.1 (0.1–0.2)
0.4 (0.3–0.5)

0.0 (0.0–0.0)
0.4 (0.2–0.6)
0.5 (0.2–0.8)
0.6 (0.3–1.0)

0.0 (0.0–0.0)
0.0 (0.0–0.0)
0.1 (0.1–0.1)
0.5 (0.4–0.6)

0.3 (0.1–0.4)
0.3 (0.1–0.5)
0.7 (0.3–1.2)
2.4 (0.6–4.2)

0.3 (0.2–0.4)
0.2 (0.2–0.3)
0.3 (0.2–0.4)
0.5 (0.2–0.8)

0.4 (0.2–0.7)
0.6 (0.3–0.8)
0.5 (0.2–0.9)
1.0 (0.0–2.2)

0.1 (0.1–0.2)
0.1 (0.1–0.2)
0.0 (0.0–0.1)
0.0 (0.0–0.1)

0.2 (0.1–0.4)
0.6 (0.3–0.8)
0.4 (0.1–0.7)
0.7 (0.0–1.6)

0.1 (0.1–0.2)
0.1 (0.1–0.2)
0.2 (0.1–0.2)
0.1 (0.0–0.2)

0.0 (0.0–0.0)
0.0 (0.0–0.0)
0.6 (0.3–0.8)
0.6 (0.2–1.0)

0.3 (0.2–0.5)
0.3 (0.1–0.4)
0.2 (0.2–0.3)
0.4 (0.3–0.4)

0.1 (0.0–0.3)
0.3 (0.0–0.7)
1.7 (1.3–2.2)
0.9 (0.5–1.4)

0.2 (0.1–0.4)
0.1 (0.0–0.2)
0.1 (0.1–0.2)
0.1 (0.1–0.2)

0.3 (0.0–0.7)
0.4 (0.0–0.8)
1.0 (0.6–1.4)
0.9 (0.4–1.3)

0.1 (0.1–0.2)
0.2 (0.1–0.3)
0.1 (0.1–0.1)
0.1 (0.1–0.2)

6.7 (3.5–9.9)
0.6 (0.0–1.1)

0.3 (0.1–0.5)
0.4 (0.2–0.5)

26.2 (19.9–32.5)
1.0 (0.3–1.8)

0.1 (0.0–0.3)
0.1 (0.0–0.2)

17.2 (12.2–22.2)
0.7 (0.1–1.3)

0.1 (0.0–0.2)
0.1 (0.0–0.2)

1.1 (0.5–1.7)
1.0 (0.3–1.6)
0.0 (0.0–0.0)

0.2 (0.1–0.3)
0.1 (0.1–0.2)
0.2 (0.0–0.5)

0.9 (0.3–1.5)
0.6 (0.1–1.1)
Too few events

0.0 (0.0–0.1)
0.5 (0.1–0.9)
0.0 (0.0–0.1)
0.9 (0.3–1.5)
Too few events Too few events

0.1 (0.0–0.2)
0.1 (0.0–0.2)
Too few events

Note: Numbers in parentheses are 95% conﬁdence intervals.

(Table 2). Even among patients with ulcerative colitis with PSC,
the 10-year risk of death from HCC was below 10‰. Of note,
however, 22/66 deaths from HCC occurred in patients with ulcerative colitis with PSC. The overall adjusted HR for death from HCC
was 1.53 (95% CI, 1.18–1.99) among patients with ulcerative colitis
and 21.6 (95% CI, 10.8–43.2) among patients with ulcerative colitis
with PSC.
Among 47,399 patients with Crohn’s disease, we observed 28 deaths
from HCC, resulting in a 10-year risk of 0.3‰, versus 0.2‰ among
population comparators (Table 3 and Fig. 2). The risk was generally
lower than 1‰ for all subgroups (only one patient with PSC died from
HCC-preventing statistical analysis). The overall adjusted HR for HCC
death was 1.74 (95% CI, 1.16–2.60) among patients with Crohn’s
disease.
Only 14 HCC deaths occurred among patients with IBD-U. The
limited power in this subanalysis prevented a detailed statistical
analysis.
For our secondary outcome, HCC incidence, we generally observed
patterns similar to those for death from HCC, although absolute risks
were higher.
Intrahepatic cholangiocarcinoma
Among patients with ulcerative colitis, we observed 120 deaths
from ICC, resulting in a 10-year risk of 0.6‰, versus 0.1‰ for the
matched population comparators (risk difference 0.4‰; 95% CI,
0.3‰–0.6‰; Table 2 and Fig. 1). As for HCC, we observed that the
risk of death varied within subgroups of patients with ulcerative
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colitis, but it remained low. As many as 87 out of 120 deaths from
ICC occurred in patients with ulcerative colitis with PSC resulting
in a 10-year risk of 26.2‰. The overall HRs for death from ICC were
7.33 (95% CI, 5.81–9.25) among all patients with ulcerative colitis
and 334 (95% CI, 106–1,057) among those patients with ulcerative
colitis with PSC.
Among patients with Crohn’s disease, we observed 28 deaths from
ICC, corresponding to a 10-year risk of 0.1‰ (Table 3 and Fig. 2).
Among the 28 deaths, 14 deaths occurred in patients with Crohn’s
disease with PSC with a 10-year risk of 19.0‰ (Table 3). The overall
HR for ICC death was 3.33 (95% CI, 2.19–5.09) for patients with
Crohn’s disease overall and as high as 58.6 (95% CI, 16.6–206) for
patients with Crohn’s disease with PSC. For patients with IBD-U, only
17 deaths from ICC were registered during follow-up, preventing a
detailed subgroup analysis of the 10-year risk.
For the secondary outcome, that is, ICC incidence, we observed
patterns similar to those for ICC death.
Extrahepatic cholangiocarcinoma
We observed 91 deaths from ECC in patients with ulcerative colitis,
yielding a 10-year risk of 0.4‰. The 10-year risk was 0.1‰ for
population comparators (risk difference 0.3‰; 95% CI, 0.2‰–
0.5‰; Table 2, Fig. 1). We also observed differences between subgroups of patients with ulcerative colitis, but the 10-year risk was below
1‰ except for patients with ulcerative colitis with PSC (17.2‰). Of
note, 55 out of 91 deaths occurred in patients with ulcerative
colitis with PSC. The overall HRs for ECC death were 4.46 (95% CI,
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Figure 1.
Risk differences [per mille (‰)] in the 10-year cumulative incidence of hepatobiliary cancer–related deaths in patients with ulcerative colitis compared with
population comparators, Sweden (1969–2017) and Denmark (1979–2011). Abbreviation: UC, ulcerative colitis.

3.49–5.70) among patients with ulcerative colitis and 156 (95% CI,
56.4–430) among patients with ulcerative colitis with PSC.
Among patients with Crohn’s disease, we observed 24 deaths from
ECC, corresponding to a 10-year risk of 0.3‰ (Table 3 and Fig. 2). A
total of 12 out of 24 ECC deaths occurred in patients with Crohn’s
disease with PSC resulting in a 14.2‰ 10-year risk of ECC death. The
overall HR for ECC death was 3.10 (95% CI, 1.97–4.87) in patients with
Crohn’s disease and 147 (95% CI, 19.1–1,140) for patients with
Crohn’s disease with PSC.
Among patients with IBD-U, only 14 deaths due to ECC were
recorded.

890 Cancer Epidemiol Biomarkers Prev; 30(5) May 2021

Analyses for the secondary outcome of ECC incidence yielded
results similar to those for death from ECC.
Time trends
Overall, the absolute risk of death from HCC, ICC, and ECC
decreased over time particularly for ulcerative colitis, supported by
the ﬁndings of lower absolute 10-year risks in most recent calendar
periods (Tables 2 and 3), decrease in HRs over the different calendar
periods of ﬁrst IBD diagnosis (Supplementary Tables S9 and S10), the
analyses using different years as end of follow-up (Supplementary Figs.
S1 and S2), and by contrasting HRs for all years of follow-up with HRs
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Table 3. Ten-year cumulative incidence proportion [per mille (‰)] of hepatobiliary cancer–related deaths in patients with Crohn’s
disease.

Total
Sweden
Denmark
Sex
Female
Male
Age at ﬁrst IBD diagnosis (y)
<18
18 to <40
40 to <60
≥60
Year of ﬁrst diagnosis
2003–2017
1990–2002
1977–1989
1969–1976
Montreal classiﬁcation
L1 (ileal)
L2 (colonic)
L3/LX (ileocolonic/not deﬁned)
Extraintestinal manifestations
Primary sclerosing cholangitis
Other extraintestinal manifestations
Surgery during follow-up
Total colectomy
Other intestinal resections
Perianal surgery

Hepatocellular carcinoma
Crohn’s disease Comparators

Intrahepatic cholangiocarcinoma
Crohn’s disease Comparators

Extrahepatic cholangiocarcinoma
Crohn’s disease Comparators

0.3 (0.1–0.5)
0.4 (0.2–0.6)
0.1 (0.0–0.2)

0.2 (0.2–0.3)
0.2 (0.2–0.3)
0.2 (0.1–0.2)

0.1 (0.0–0.2)
0.2 (0.0–0.3)
0.0 (0.0–0.0)

0.1 (0.1–0.1)
0.1 (0.1–0.2)
0.1 (0.0–0.1)

0.3 (0.1–0.5)
0.3 (0.1–0.5)
Too few events

0.1 (0.1–0.1)
0.1 (0.1–0.2)
Too few events

0.0 (0.0–0.1)
0.6 (0.2–1.0)

0.2 (0.1–0.2)
0.2 (0.2–0.3)

0.1 (0.0–0.2)
0.2 (0.0–0.4)

0.1 (0.1–0.2)
0.1 (0.0–0.1)

0.2 (0.0–0.3)
0.5 (0.2–0.8)

0.1 (0.0–0.1)
0.1 (0.1–0.2)

Too few events
0.1 (0.0–0.3)
0.5 (0.1–0.9)
0.6 (0.0–1.2)

Too few events
0.0 (0.0–0.1)
0.3 (0.2–0.4)
0.7 (0.5–0.9)

Too few events
0.0 (0.0–0.0)
0.4 (0.0–0.9)
0.1 (0.0–0.4)

Too few events
0.0 (0.0–0.1)
0.1 (0.0–0.2)
0.4 (0.2–0.5)

Too few events
0.1 (0.0–0.3)
0.4 (0.0–0.8)
0.9 (0.2–1.7)

Too few events
0.0 (0.0–0.0)
0.2 (0.1–0.2)
0.4 (0.2–0.5)

0.1 (0.0–0.2)
0.4 (0.1–0.7)
0.4 (0.0–0.8)
0.8 (0.0–1.9)

0.3 (0.2–0.4)
0.1 (0.1–0.2)
0.2 (0.1–0.2)
0.5 (0.2–0.8)

0.2 (0.0–0.4)
0.2 (0.0–0.4)
0.0 (0.0–0.0)
0.0 (0.0–0.0)

0.1 (0.1–0.2)
0.1 (0.0–0.1)
0.0 (0.0–0.1)
0.2 (0.0–0.4)

0.2 (0.0–0.4)
0.5 (0.2–0.9)
0.1 (0.0–0.4)
0.0 (0.0–0.0)

0.1 (0.0–0.1)
0.1 (0.1–0.2)
0.1 (0.0–0.2)
0.2 (0.0–0.3)

0.2 (0.0–0.5)
0.3 (0.0–0.6)
1.1 (0.5–1.7)

0.2 (0.1–0.3)
0.2 (0.1–0.3)
0.2 (0.1–0.3)

0.6 (0.2–1.1)
0.4 (0.0–0.7)
0.5 (0.1–1.0)

0.1 (0.0–0.2)
0.1 (0.1–0.2)
0.1 (0.1–0.2)

0.0 (0.0–0.0)
0.7 (0.2–1.2)
0.3 (0.0–0.7)

0.1 (0.0–0.1)
0.1 (0.0–0.1)
0.1 (0.1–0.2)

Too few events
0.6 (0.0–1.2)

Too few events
0.1 (0.0–0.2)

19.0 (7.8–30.1)
0.8 (0.0–1.5)

0.2 (0.0–0.7)
0.1 (0.0–0.2)

14.2 (3.8–24.7)
0.2 (0.0–0.5)

0.2 (0.0–0.6)
0.2 (0.0–0.3)

0.8 (0.0–1.8)
0.1 (0.0–0.3)
0.5 (0.0–1.2)

0.1 (0.0–0.2)
0.2 (0.1–0.2)
0.1 (0.0–0.2)

0.8 (0.0–1.9)
0.0 (0.0–0.0)
0.5 (0.0–1.1)

0.0 (0.0–0.0)
0.1 (0.0–0.1)
0.1 (0.0–0.2)

0.4 (0.0–1.2)
0.1 (0.0–0.3)
Too few events

0.1 (0.0–0.2)
0.1 (0.0–0.1)
Too few events

Note: Numbers in parentheses are 95% conﬁdence intervals.

for all persons at risk during the last 5 years (2013–2017, Sweden
only; Table 4).

Discussion
In this Scandinavian population-based cohort study—one of the
largest and most comprehensive study of hepatobiliary cancer risk in
patients with IBD to date—the absolute risks of HCC, ICC, and ECC
were low. Even in the presence of PSC, which is known to be associated
with a very high relative risk particularly of ICC, 10-year risks of death
from HCC, ICC, or ECC did not exceed 30‰. Of note, however,
between one third and two thirds of all hepatobiliary cancer–related
deaths occurred in patients with IBD with PSC. In part because of the
very low absolute risk of HCC, ICC, and ECC death in matched
population comparators, HRs were markedly increased. We observed
that the risk of HCC, ICC, and ECC decreased over the study period;
this was most evident in patients with ulcerative colitis.
Our ﬁndings extend the literature in several ways. They provide
updated evidence reﬂecting modern IBD healthcare and show that the
risk of hepatobiliary cancer has decreased over time and is generally
lower than in earlier reports, typically showing relative risk estimates in
the range of 3–4 (1, 7, 9–16). We can only speculate about potential
reasons for the decreasing risk over time, but improved IBD diagnosis
and treatment is likely to be a key reason. Because of its cohort design
with long-term follow-up, our study also permitted calculation of
absolute 10-year risks rather than just relative risks. These data are of
major importance for clinical decision-making and patient guidance
because they support current clinical management without systematic
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follow-up for hepatobiliary cancer in all patients with IBD. To our
knowledge, our 2009 study of cholangiocarcinoma (CC) risk in
patients with IBD (based on Danish data from 1978–2003) is the only
previous study to provide estimates of 10-year risks (10). In that study,
we reported that the 10-year risk of a CC diagnosis was 0.08% for
patients with ulcerative colitis and 0.03% for patients with Crohn’s
disease. However, the study was too small to differentiate between ICC
and ECC, did not include data on HCC, and did not evaluate risk of
hepatobiliary cancer–related death. The present study is also the ﬁrst to
include estimates of hepatobiliary cancer–related death in addition to
hepatobiliary cancer diagnoses. By including hepatobiliary cancer–
related death as the primary outcome, we were able to reduce the risk of
lead time bias.
Although existing evidence has established IBD as a risk factor for
CC (7), it has been less clear that IBD also is a risk factor for HCC. Only
studies that included HCC as part of the overall deﬁnition of primary
hepatobiliary cancer have reported this risk (1, 16). Our current
ﬁndings suggest that IBD might be a risk factor for HCC, although
the magnitude of the association decreased over time. In addition, the
association was most pronounced among patients with IBD with PSC,
which is known to carry a risk of evolving into cirrhosis and thereby
eventually HCC (36).
PSC has been suggested as a likely intermediary between IBD and
CC risk (7, 8). Although we did not directly evaluate intermediate
steps, our ﬁndings did show that a large proportion of hepatobiliary
cancer–related deaths occurred in patients with IBD with PSC and that
PSC in patients with IBD was associated with a particularly high CC
risk. A recent study reported that prolonged duration of IBD was
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Figure 2.
Risk differences in 10-year cumulative incidence of hepatobiliary cancer–related death in patients with Crohn's disease compared with population comparators,
Sweden (1969–2017) and Denmark (1979–2011).

associated with CC in patients with PSC (37% increased risk per
10 years of IBD presence; ref. 14), but other studies have not clearly
demonstrated that IBD alters CC risk (37–39). The lifetime risk of CC
in patients with PSC has been reported to range from 5% to 10%, which
largely accords with our ﬁndings (33). International societies acknowledge that many clinicians offer surveillance with imaging and carbohydrate antigen 19–9 to patients with PSC because of the poor
prognosis of CC. However, speciﬁc recommendations for surveillance
are lacking due to paucity of evidence (40, 41). Because of the fairly
large proportion of hepatobiliary cancers arising in patients with IBD
with PSC, our study provides some support to the need for more
evidence on speciﬁc surveillance strategies.
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Methodological considerations
Our study’s population-based cohort design within a setting (Sweden and Denmark) that provides free and equal access to healthcare
essentially eliminated referral bias. Complete follow-up of all patients
with IBD and population comparators prevented selection bias due to
drop-outs. However, despite these strengths, our study also has
limitations including the concern of misclassiﬁcation. We used a
validated method to identify patients with IBD (positive predictive
value >90%; refs. 23, 25, 27), minimizing the risk of substantial
exposure misclassiﬁcation. Also, misclassiﬁcation of the primary
outcome, hepatobiliary cancer–related death, is a concern because
causes of death data are known to be incomplete, and because liver
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Table 4. Hepatobiliary cancer–related deaths during the last 5 years of the study (2013–2017, Sweden only) as opposed to the whole
study period (1969–2017, Sweden only).

HR (95% CI)

IBD
n, IR (95% CI)

1969–2017
Population comparators
n, IR (95% CI)

HR (95% CI)

107, 0.04 (0.03–0.05)
72, 0.03 (0.02–0.03)
67, 0.03 (0.02–0.03)

1.16 (0.64–2.10)
4.43 (2.91–6.75)
3.39 (2.09–5.48)

53, 0.06 (0.05–0.08)
100, 0.12 (0.10–0.14)
86, 0.10 (0.08–0.12)

305, 0.04 (0.03–0.04)
137, 0.02 (0.01–0.02)
194, 0.02 (0.02–0.03)

1.89 (1.41–2.53)
7.75 (5.98–10.0)
4.78 (3.70–6.16)

54, 0.04 (0.03–0.05)
36, 0.02 (0.02–0.03)
25, 0.02 (0.01–0.03)

1.57 (0.75–3.29)
2.71 (1.30–5.62)
2.56 (1.05–6.23)

25, 0.05 (0.03–0.07)
21, 0.04 (0.03–0.06)
20, 0.04 (0.03–0.06)

137, 0.03 (0.02–0.03)
82, 0.02 (0.01–0.02)
83, 0.02 (0.01–0.02)

2.01 (1.31–3.08)
2.87 (1.78–4.64)
2.74 (1.68–4.46)

2013–2017
Population comparators
n, IR (95% CI)

Ulcerative colitis
HCC 12, 0.05 (0.03–0.08)
ICC
31, 0.12 (0.08–0.17)
ECC 22, 0.08 (0.05–0.13)
Crohn's disease
HCC 8, 0.06 (0.03–0.11)
ICC
9, 0.06 (0.03–0.12)
ECC 6, 0.04 (0.02–0.09)

IBD
n, IR (95% CI)

Abbreviations: IR, incidence rate; n, number.

metastasis in some cases may have been misclassiﬁed as primary
hepatobiliary cancers (29, 30). Nevertheless, because hepatobiliary
cancer has a very poor prognosis, clinicians are likely to record
hepatobiliary cancers as an underlying cause of death reducing the
risk of highly incomplete data. In addition, if such misclassiﬁcation
differed among patients with IBD and their population comparators, it
would underestimate HRs. Moreover, we cannot rule out that our
ﬁndings of increased risk, particularly of HCC, may have been
confounded by obesity, metabolic syndrome, smoking, and alcohol
consumption. Unfortunately, we lacked information on these factors.
As in all other observational studies, unknown confounding also may
have affected our ﬁndings. However, a sensitivity analysis of the impact
of unmeasured confounding showed that a confounder such as obesity
would have to be both strongly associated with HCC (>2.0) and highly
imbalanced between patients with IBD and the background populations (>60% prevalence difference) to lower the HR to 1.0, which is very
unlikely. Finally, despite our study being the largest to date on
hepatobiliary cancer risk in patients with IBD, we were challenged
by sparse data issues that prevented us from examining hepatobiliary
cancer risk in some subgroups of patients with IBD. We also did not
include data on liver transplantation, and thus could not evaluate if
some of the decrease in death from hepatobiliary cancer over time was
caused by an increase in rate of liver transplantation in patients with
PSC over time.
Conclusion
In summary, HRs for hepatobiliary cancer–related deaths were high
in IBD and even higher in patients with IBD with PSC. However,
absolute risks were very low for IBD overall and the 10-year risk of
hepatobiliary cancer–related deaths was below 3%–5% also in patients
with IBD with PSC. The absolute and relative risks of hepatobiliary
cancer–related deaths in IBD have decreased over time. There is
insufﬁcient evidence to support recommendations of speciﬁc surveillance strategies for hepatobiliary cancers in patients with IBD with PSC.
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