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ABSTRACT

Objective To estimate the risk of non-Hodgkin’s
lymphoma (NHL) and Hodgkin’s lymphoma (HL) in patients
with inflammatory bowel disease (IBD).

Design We undertook a two-country population cohort
study with all patients diagnosed with IBD in Norway and
Sweden from 1987 and 1993 through 2015 and 2016,
respectively, and analysed the risk of NHL and HL. In
Sweden, we also analysed prescriptions of thiopurines and
anti-tumour necrosis factor (TNF)-c. therapy from 2005.
We calculated standardised incidence ratios (SIRs) with
95% Cls using the general populations as reference.
Results Among 131 492 patients with IBD with a medium
follow-up of 9.6 years, we identified 369 cases of NHL
and 44 cases of HL. The SIR of NHL was 1.3 (95% CI 1.1
to 1.5) in ulcerative colitis and 1.4 (95% Cl 1.210 1.7) in
Crohn’s disease. We found no compelling heterogeneity in
analyses stratified by patient characteristics. We found a
similar pattern and magnitude of excess risks for HL. At 10
years, cumulative incidence was 0.26% (95% Cl 0.23% to
0.30%) and 0.06% (95% CI 0.04% to 0.08%) for NHL and
HL, respectively. Higher excess risks were found among
patients with NHL with concomitant primary sclerosing
cholangitis (SIR 3.4; 95% Cl 2.1 to 5.2) and in those
prescribed thiopurines alone (SIR 2.8; 95% Cl 1.4 t0 5.7)
or with anti-TNF-o. agents (SIR 5.7; 95% Cl 2.7 to 11.9).
Conclusion Patients with IBD have a statistically
significant increased risk of malignant lymphomas
compared with the general population, but the absolute
risk remains low.

INTRODUCTION

An increased risk of Hodgkin’s lymphoma
(HL) and non-Hodgkin’s lymphoma (NHL)
has been documented in several autoim-
mune diseases, such as Sjogren’s syndrome,
coeliac disease and rheumatoid arthritis.'™ A
link between disease severity and lymphoma
risk has been established, and although the
exact molecular mechanisms remain to be
explained, longstanding chronic inflamma-
tion with B cell and T cell activation and/or
stimulation are likely predisposing factors.

123 Weimin Ye,'® Mette Kalager®®

WHAT IS ALREADY KNOWN ABOUT THIS TOPIC

= Several autoimmune diseases are associated with
increased risk lymphoma, but the risk in patients
with inflammatory bowel disease remains unclear
due to inconsistent evidence.

WHAT THIS STUDY ADDS

= We present a large, population-based study with
long-term and near complete follow-up.

= We demonstrate that the absolute risk of lymphoma
in inflammatory bowel disease is low.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE, OR POLICY

= There is a need for even larger studies with detailed
data on disease characteristics and treatment to
quantify the risk associated with immunosuppres-
sive therapies.

= Such studies need to consider the effect of con-
founding by indication, which requires valid data on

disease activity.

Several mechanisms may be ongoing in
parallel and the type of immune dysfunc-
tion involved in lymphoma development is
thought to be disease specific, as different
types of lymphoma are associated with the
different disease entities.* Immunosuppres-
sion is generally thought to play less of a role
in lymphoma development in most autoim-
mune diseases, although such drugs may
increase the risk of cancer through reduced
immunological surveillance.*

Inflammatory bowel disease (IBD) is also
an autoimmune disease characterised by
chronic inflammation, but, contrasting to
other autoimmune diseases, the available
evidence on risk of lymphoma is scarce and
too inconsistent to allow reliable quantifica-
tion and guide patient care.” ® Meta-analyses
have concluded with both increased”® and no
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increased” risk of lymphoma in patients with IBD treated
with immunosuppressants. Limited statistical power, short
follow-up, conflation of different haematopoietic malig-
nancies, and lack of detailed data on immunosuppressive
therapy are limitations of published studies." * '~ With
these limitations, overall the available literature points
towards a minimally increased risk in untreated patients
with IBD'® and an increased risk among patients with
IBD treated with immunomodulators, particularly thio-
purine analogues.'®*' To what extent the disease activity
itself or the use of different immunosuppressants drive
an increased risk of lymphoma in IBD is still unclear.*’

To add to the existing literature on risk of lymphoma in
patients with IBD, we undertook a nationwide population
study of IBD and lymphoma risk in Norway and Sweden.
We took advantage of cross-linkage between numerous
high-quality registries to empanel a large patient cohort
with complete, long-term follow-up.

METHODS

Study cohort

Norway and Sweden are countries with similar popula-
tions with regard to distribution of age, socioeconomic
factors, ethnicity, and access to public healthcare systems.
We defined our study population using data from data-
bases of all public hospitals in Norway (from 1 January
1987 to 31 December 2015), and from the Swedish
Patient Register (from 1 January 1993 to 31 December
2016).

We used the individually unique national registration
numbers in registries in each country to link patients
with IBD to the following public registries for data on
outcomes and censoring: cancer (Cancer Registry of
Norway, the Swedish Cancer Register), mortality (the
Norwegian Cause of Death Registry, the Swedish Cause of
Death Register), demographics and migration (the total
Population Register in both countries). The empanelled
registries are nationwide and entail compulsory, auto-
mated registration of all patients and are close to 100%
complete.

Patients were followed from the date of diagnosis of
IBD until diagnosis of lymphoma, diagnosis of any other
cancer, emigration, death, or end of follow-up (Norway:
31 December 2015; Sweden: 31 December 2016), which-
ever occurred first. Patients with a cancer diagnosis prior
to IBD diagnosis were excluded. A flow chart summarising
the enrolment procedures is shown in online supple-
mental figure 1.

To ensure high specificity of IBD diagnosis, we required
at least two inpatient and/or outpatient diagnosis codes
of IBD. This approach yields a positive predictive value
of an IBD diagnosis of 90% in our cohort.” We used the
International Classification of Disease (ICD) codes from
the first two visits to define IBD subtypes at baseline:
patients were classified as having ulcerative colitis (ICD-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 unclassified IBD if their
first two codes were indeterminate colitis (ICD-10 K52.3)
or any combination of codes (online supplemental table
1). In main analyses, the date of the second diagnostic
listing was defined as date of IBD onset.

Comparator

The general population of Norway and Sweden served as
reference, using anonymised individual data of all cancer
diagnoses in Norway and Sweden diagnosed during the
study period. The datasets include information on cancer
topography and morphology, in addition to date of diag-
nosis, patient sex and birth year. Similar to the patients
with IBD, we required that incident cases of lymphoma in
the general population had no history of cancer.

Covariates

In Norway, outpatient diagnoses became gradually
available in hospital databases by geographic roll-out
during the study period, while in Sweden, outpatient
data from the whole country were available from 2001;
patients diagnosed up until 2003 could represent a mix
of patients with incident and prevalent IBD. We therefore
analysed the data by calendar year periods of enrolment
(1987/1993 to 2002 and 2003 to 2015/2016).

We used the Montreal classification to define extent
of disease during follow-up, based on ICD-9 and ICD-10
codes.”® The most severe disease extension during
follow-up was used to classify patients (online supple-
mental table 2). Indicators of disease severity such as
laboratory markers, endoscopic or clinical scores were
not available in our databases. We therefore used bowel
surgery during follow-up as an indicator of disease
severity (online supplemental table 3). Primary sclerosing
cholangitis (PSC) was defined using ICD-9 (Norway:
5761; Sweden: 576B) and ICD-10 codes (Norway: K83.0;
Sweden: K83.0). Bowel surgery and PSC were analysed as
time-varying covariates.

Pharmacotherapy

Data on pharmacotherapy were available for all Swedish
patients from the Swedish Drug Register from 2005
onwards. We focused analyses on thiopurines and anti-
tumour necrosis factor (TNF)-a therapy, as these are
frequently used and have been associated with lymphoma
risk in previous studies.** The anatomical therapeutic
chemical (ATC) codes are listed in online supplemental
table 4. During each day of follow-up, patients were cate-
gorised as being exposed to one or two classes of drugs.
Patients were considered unexposed until the day of
their first prescription. For each drug, any overlapping
prescriptions within a 90-day period were bridged, and
duration of exposure estimated to last until end of the
last prescription. Duration of prescriptions was assumed
to last 3months. To minimise prevalent user bias, we
included a I-year wash-out window and excluded patients
with their first prescription in the year prior to cohort
entry (their second IBD diagnosis). To eliminate any
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reverse causality due to initiation of treatment due to
cancer symptoms, we introduced a l-year lag between
initiation of treatment and the follow-up window. Addi-
tionally, the discontinuation time between prescriptions
(where the interval was longer than >3months) was
removed, since patients in the discontinuation period
were different from patients without any treatment or
with each class of the treatments. See online supple-
mental figure 2 for design diagram. Individual pharma-
cotherapy data were not available in Norway.

Outcome

The cancer registries have different coding practices: in
Norway, all cancer diagnoses are retrospectively coded
according to ICD-O-3. In Sweden, ICD-O-2 and System-
atized Nomenclature of Medicine (SNOMED) codes
were introduced in the Swedish Cancer Register from
1 January 1993. To allow for accurate subgrouping of
lymphomas, we restricted the IBD cohort in Sweden to
patients diagnosed from that date (see online supple-
mental table 5 for outcome definitions in each country).
Lymphomas were divided into NHL and HL, as the
codes used in the Swedish Cancer Register do not allow
adequate resolution to accurately define subcategories
such as B-cell, T-cell or NK-cell lymphomas.

Statistical analyses
We calculated crude incidence rates (IRs) for each type
of lymphoma, and present IRs standardised for age and
sex to the Norwegian population of 1987 graphically.
Cumulative incidence was calculated by Kaplan-Meier
method, using the cumulative hazard function as a direct
estimate. Patients were considered at risk from 1year
after IBD onset to reduce bias due to reverse causality.
We calculated standardised incidence ratios (SIRs,
the ratios of observed cancer cases divided by expected
number of cancer cases in the population) with 95% Cls,
overall and stratified by covariates, to estimate the rela-
tive risk of lymphomas in patients with IBD compared
with the general population. The expected number
was derived by multiplying the person-years at risk with
country-specific, age-specific (5-year strata), sex-specific,
and calendar year-specific IRs in the general population.
The Cochran-Armitage trend test was used to evaluate
cancer risk across age groups and follow-up duration.
SIRs using data from Norway and Sweden were analysed
separately and combined.*

Sensitivity analyses

In sensitivity analyses, patients were considered at risk
from their second diagnostic listing of IBD (inpatient or
outpatient), that is, the 1-year lag was removed.

Patient and public involvement statement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

Patient characteristics

Our cohort consisted of 131 492 patients with IBD with a
median follow-up of 9.6 years (IQR 4.3-14.9 years), and a
total of 1 322 831 person-years of follow-up (table 1). In
Sweden, 473 (1%) patients were included in analyses of
anti-TNF-o. therapy, 10271 (25%) included in analyses of
thiopurines and 3909 (10%) patients analysed as treated
with a combination of these drugs since 2005 (after first
year of follow-up).

Non-Hodgkin’s lymphoma

During follow-up, 369 patients were diagnosed with NHL,
231 patients with ulcerative colitis and 117 patients with
Crohn’s disease (table 2).

We observed a crude IR of NHL of 30.8 (95% CI 27.8
to 34.2) per 100 000 person-years, corresponding to
three patients with lymphoma if 10 000 patients with IBD
were followed for 1year. We found an overall 30% excess
risk as compared with the background population (SIR
1.83; 95% CI 1.2 to 1.5). Cumulative incidence of NHL
was 0.26% after 10 years of follow-up (95% CI 0.23% to
0.30%) (figure 1).

We found a higher relative risk, but low IRs with
younger age of onset of IBD, while the IRs were highest
in those diagnosed at a later age, with a lower relative
risk compared to the background. While the combined
results showed no difference between the two study
periods (before and after 2002), in Norway, the excess
risk was most pronounced in the second half of the study
period, while in Sweden the results were opposite (online
supplemental table 6). Compared with the general popu-
lation of Norway, patients with IBD in Norway had similar
age and sex SIRs of NHL until 2004, when an excess risk
became evident. In Sweden, the excess risk was more
pronounced in the earlier years of the study period and
remained increased (figure 2, panel A).

Among patients with ulcerative colitis, the excess risk
was about 30% regardless of extent of disease. Like-
wise, among patients with Crohn’s disease we found no
apparent relation between location or extent of disease
and the excess risk of NHL, except that those with peri-
anal disease encountered a markedly increased risk (SIR
2.4;95% CI 1.7 to 3.3). Of all categories in table 2, patients
diagnosed with PSC experienced the highest excess risk
(SIR 3.4;95% CI 2.1 to 5.2). For patients who underwent
bowel surgery, the risk was only slightly increased (SIR
1.8; 95% CI 1.4 to 2.3). Although we excluded the first
year of follow-up to reduce selection bias, the overall
excess risk was higher 1-2 years after diagnosis compared
with subsequent years with follow-up beyond 10 years.

Hodgkin’s lymphoma

We identified 44 incident cases of HL in patients with
IBD; 27 in patients with ulcerative colitis and 16 in
patients with Crohn’s disease. There was no clear pattern
in IRs over time (figure 2, panel B). We found a crude

IR of 3.7 (95% CI 2.7 to 4.9) per 100 000 person-years,
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Table 1 General characteristics of patients with IBD in Norway and Sweden, 1987-2016

Characteristics Norway, 1987-2015 Sweden, 1993-2016 Total

Total, n 44 452 87 040 131 492
Total person-years 483 293 839 539 1 322 831
Median follow-up years (IQR) 9.9 (4.2-16.7) 9.3 (4.3-14.5) 9.6 (4.3-14.9)

Sex (n, %)
Female
Male

Age (years) at IBD diagnosis (n, %)
<20
20-39
40-59
60+

Calendar year at IBD diagnosis™ (n, %)
1987/1993-2002
2003-2015/2016

IBD subtype (n %)

Ulcerative colitis
Crohn’s disease
IBD unclassified

Extent of ulcerative colitist (n, %)

E1 (procititis)
E2 (left-sided)
E3 (extensive)
Ex (not defined)

Location of Crohn’s diseaset (n, %)
L1 (terminal ileitis)

L2 (colonic)
L3 (leocecal)
Lx (not defined)

Behaviour of Crohn’s diseaset (n, %)
B1 (non-stricturing/non-penetrating)
B2 (stricturing)

B3 (penetrating)
B2B3 (stricturing and penetrating)

Perianal disease of Crohn’s diseaset (n, %)

Primary sclerosing cholangitis (n, %)

Bowel surgery during follow-upf (n, %)

*Patients diagnosed before 2002 could represent a mix of prevalent and incident patients with IBD as outpatient data were gradually

21 709 (48.8)
22 743 (51.1)

5119 (11.5)
17 523 (39.4)
13 514 (30.4)
8296 (18.6)

20 649 (46.4)
23 803 (53.5)

27 214 (61.2)
13 347 (30.0)
3891 (8.7)

6007 (22.1)
2380 (8.7)
14 621 (53.7)
4206 (15.4)

3126 (23.4)
2970 (22.2)
5453 (40.8)
1798 (13.4)
10 392 (77.8)
1620 (12.1)

931 (6.9)
404 (3.0)

1991 (14.9)
1035 (2.3)

8828 (19.8)

42 182 (48.5)
44 858 (51.5)

9516 (10.9)

30 680 (35.2)
28 212 (32.4)
18 632 (21.4)

39 114 (44.9)
47 926 (55.1)

51130 (58.7)
28 900 (33.2)
7010 (8.1)

6326 (12.4)
10 836 (21.2)
24 649 (48.2)
9319 (18.2)

5768 (20.0)
5666 (19.6)
12 879 (44.6)
4587 (15.9)

21 789 (75.4)
5138 (17.8)
1092 (3.8)
881 (3.0)
5928 (20.5)

3111 (3.6)

10 392 (11.9)

included in the Norwegian hospital databases and the Swedish National Patient Register.

TDefinitions and diagnostic codes were used according to the Montreal classifications using ICD-9 and ICD-10 in Norwegian data and ICD-

63 891 (48.5)
67 601 (51.4)

14 635 (11.1)
48 203 (36.6)
41726 (31.7)
26 928 (20.4)
59 763 (45.4)
71 729 (54.5)

78 344 (59.5)
42 247 (32.1)
10 901 (8.2)

12 333 (15.7)
13216 (16.8)
39 270 (50.1)
13 525 (17.2)

8894 (21)
8636 (20.4)
18 332 (43.3)
6385 (15.1)

32 181 (76.1)
6758 (15.9)
2023 (4.7)
1285 (3.0)
7919 (18.7)

4146 (3.1)

19 220 (14.6)

10 in Swedish data representing maximum disease involvement during follow-up. See online supplemental table 2 for definitions.

FBowel surgeries included colectomy, small bowel resection, rectal resection, and colon resection during follow-up. See online supplemental

table 3 for definitions.

IBD, inflammatory bowel disease; ICD, International Classification of Disease.
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Table 2 Crude incidence rates per 100 000 person-years, number of cancer cases and SIRs of non-Hodgkin's lymphoma
and Hodgkin’s lymphoma in patients with IBD in Norway and Sweden, 1987-2016*

Non-Hodgkin’s lymphoma

Hodgkin’s lymphoma

Parameters IR (95% CI) O/E SIR (95% CI) IR (95% CI) O/E SIR (95% CI)
Total 30.8 (27.8t034.2) 369/277.8 1.3(1.2t01.5) 3.7(2.7t04.9) 44/285 1.5(1.1t02.1)
Sex
Female 248 (20.91t029.2) 145/1094 13(1.1to16) 2.7(1.6to4.4) 16/11.6 1.4(0.8t02.2)
Male 36.6 (32.0t0 41.7) 224/168.4 1.3(1.2t01.5 4.6(3.0t06.6) 28/16.8 1.7(1.1t02.4)
Age (years) at IBD
diagnosis
<20 5.9 (2.6 t0 11.7) 8/2.1 39(1.7t07.6) 3.0(0.8to7.6) 4/4.3 0.9 (0.3t0 2.4)
20-39 9.8 (7.2 to 13.0) 48/28.7 1.7(1.2t02.2) 3.5(2.0to5.6) 17/11.7 1.5(0.8t02.3)
40-59 39.5(33.6t046.1) 161/122.8 1.3(1.1t0o1.5) 3.2(1.7to5.4 13/8 1.6 (0.9 t0 2.8)
60+ 92.2 (78.1t0 08.1) 152/1242 12(1.0to1.4) 6.1(29t0o11.2) 10/4.4 2.3(1.1t04.2)
P for trend 0.119 0.330
Calendar year of IBD
diagnosist
1987/1993-2002 32.1 (28.41t036.2) 268/1984 1.4(1.2t015) 35(2.3t05.00 29/19.1 1.5(1.0t0 2.2
2003-2015/2016 27.9 (22.7t033.9) 101/79.4 1.3(1.0to1.5) 4.1(2.3t06.8) 15/9.4 1.6 (0.9 to 2.6)
IBD subtype
Ulcerative colitis 32.1 (28.1t036.5) 231/1781 13(1.1to1.5) 3.8(2.5t05.5) 27/17.1 1.6 (1.0t0 2.3)
Crohn’s disease 29.4 (24.3t035.2) 117/83 14(1.2t01.7) 4.0(2.3t06.5 16/9.5 1.7(1.0t0 2.7)
IBD unclassified 26.8 (16.6 t0 40.9) 21/16.7 1.3(0.8t01.9) 13(0.0to7.1) 1/1.9 0.5 (0.0t0 2.9)
Extent of ulcerative colitis
E1 (proctitis) 30.7 (19.5t0 46.1) 23/17.9 1.3(0.8t01.9) 2.7(0.3t09.7) 2/1.7 1.2(0.1t04.2)
E2 (left-sided) 31.2(23.0to 41.4) 48/39.5 1.2(09t01.6) 59(2.7to11.1) 9/3.5 25(1.2t04.8)
E3 (extensive) 34.3 (27.6 to 42.1) 91/69.2 1.3(1.1to1.6) 3.0(1.3t05.9 8/6.4 1.3(0.5t0 2.5)
Ex (not defined) 30.6 (23.8 t0 38.7) 69/51.5 1.3(1.0to1.7) 3.5(1.5t07.00 8/5.4 1.5 (0.6 t0 2.9)
Location of Crohn’s
diseaset
L1 (terminal ileitis) 34.4 (21.0t0 53.1) 20/15.5 1.3(0.8t02.0) 1.7(0.0t09.6) 1/1.4 0.7 (0.0 to 4.0)
L2 (colonic) 37.3(24.6t054.2) 27/16.2 1.7(1.1t02.4) 6.9 (2.2to16.1) 5/1.7 2.9 (0.9t0 6.8)
L3 (ileocecal) 27.5(20.2t0 36.5) 47/35.9 1.3(1.0to1.7) 3.5(1.3t07.6) 6/4.0 1.5 (0.6 to 3.3)
Lx (not defined) 23.8 (15.11t0 35.8) 23/15.4 1.509t02.2) 4.1(1.1t010.6) 4/2.4 1.7 (0.5t0 4.3)
Behaviour of Crohn’s
diseaset
B1 (non-structuring/non- 25.9 (20.2 to 32.6) 72/55.8 1.3(1.0to1.6) 43(2.2to7.5) 12/6.7 1.8 (0.9 to 3.1)
penetrating)
B2 (stricturing) 46.4 (32.7 10 63.9) 37/21.2 1.7(1.2t02.4) - 0/1.8 -
B3 (penetrating) 23.0(7.5t053.7) 5/2.8 1.8(0.6t04.1) 9.2(1.1t033.3) 2/0.6 3.6 (0.4 to 13.0)
B2B3 (stricturing and 16.5(3.4t0 48.1) 3/3.2 09(0.2t02.7) 11.0(1.3t09.7) 2/0.4 4.7 (0.6to 17.1)
penetrating)
Perianal disease of Crohn’s
diseaset
No 25.0(19.7t0 31.2) 77/66.4 1.2(09to1.4) 32(1.6t06.00 10/7.3 1.4 (0.7 to 2.5)
Yes 445 (31.8 t0 60.5) 40/16.6 24(1.7t03.3) 6.7(2.4t014.5) 6/2.2 2.8(1.0t0 6.1)
Years since IBD diagnosis
>1-2 31.2(21.9t043.0) 37/22.4 1.7(1.2t02.3) 3.4(0.9t08.6) 4/2.9 1.4 (0.4 to 3.6)
>2-5 28.1 (22.5t0 34.6) 88/63.3 14(11t01.7) 16(0.5t03.7) 5/7.5 0.7 (0.2 to 1.5)
Continued
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Table 2 Continued

Non-Hodgkin’s lymphoma

Hodgkin’s lymphoma

Parameters IR (95% CI) O/E SIR (95% CI) IR (95% CI) O/E SIR (95% CI)
>5-10 29.5 (24.3t0 35.4) 115/89.9 1.3(1.1t0o1.5) 49(29to7.6) 19/9.4 2.0(1.2t03.2)
10+ 34.5(28.8t041.0) 129/102.3 1.3(1.1to1.5) 4.3(2.4t06.9) 16/8.7 1.8 (1.1 t0 3.0)
P for trend 0.377 0.312

PSC§

No 30.0 (26.91t033.3) 349/2719 13(1.2to1.4) 35(2.5t04.8) 41/27.7 1.5(1.1t02.0)
Yes 63.8 (39.0t0 98.6) 20/5.9 34(2.1t05.2) 10.0(2.1t09.3) 3/0.8 3.9 (0.8to0 11.4)

Bowel surgery during

follow-up9|
No 29.9 (26.6 t0 33.5) 303/2409 1.3(1.1to1.4) 3.5(2.4to4.8) 34/23.3 1.5(1.0t02.0)
Yes 36.0 (27.8 to 45.8) 66/36.9 1.8(1.41t02.3) 55((2.6t010.0) 10/4.4 2.3(1.1to4.1)

*All patients were at risk from 1year after IBD diagnosis.

TPatients 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.

FDefinitions and diagnostic codes were used according to the Montreal classifications using ICD-9 and ICD-10 in Norwegian data and using
ICD-10 in Swedish data, representing maximum disease involvement during follow-up. See online supplemental table 2 for definitions.
§Patients with PSC contributed person-time to the non-PSC group until the date of PSC diagnosis.

YBowel surgeries included colectomy, small bowel resection, rectal resection and colon resection during follow-up. See online supplemental

table 3 for definitions.

E, expected number of cases; IBD, inflammatory bowel disease; ICD, International Classification of Disease; IR, incidence ratio, per 100 000
person-years; O, observed number of cases; PSC, primary sclerosing cholangitis; SIR, standardised incidence ratio.

corresponding to <1 case of lymphoma if 10 000 patients
with IBD were followed for 1year. Compared with the
background, we found a 50% excess risk with an overall
SIR of 1.5 (95% CI 1.1 to 2.1). The 10-year cumulative
incidence of HL was 0.06% (95% CI 0.04% to 0.08%).
Rates and SIRs were higher among men and those diag-
nosed with IBD at or after 60 years of age. There were no
significant differences for patients with perianal disease,
PSC or bowel surgery. In Norway, the SIR was higher in

Non-Hodgkin's Lymphoma and Hodgkin's Lymphoma

Cumulative incidence
0.004 0.006 0.008
1 1

0.002
1

0.000
1

T T T

1 5 9 13 17 21 25
Years since IBD diagnosis

NHL 95% ClI NHL HL 95% CI HL

Figure 1 Cumulative incidence of non-Hodgkin’s lymphoma
(NHL) and Hodgkin’s lymphoma (HL) by year since onset of
inflammatory bowel disease (IBD). Patients were at risk after
1year of follow-up. Cumulative incidence was calculated
directly from Nelson-Aalen cumulative hazard estimates.

the latter study period, while it was similar in the two
periods in Sweden (online supplemental table 7).

Pharmacotherapy

Among patients with IBD in Sweden, 14 653 (36%) were
treated with thiopurines or anti-TNF-o0 therapy from
2005. The IR of NHL was 10.5 (95% CI 1.5 to 74.3) per
100 000 person-years for patients not treated with thiopu-
rines or anti-TNF-a. therapy (SIR 0.9; 95% CI 0.6 to 1.3)
(table 3). For patients treated with thiopurines or anti-
TNF-o. therapy, SIRs for NHL were significantly increased
among patients on combination therapy with both drug
classes (SIR 5.7; 95% CI 2.7 to 11.9), while monotherapy
with thiopurines also increased the risk of NHL with SIR
2.8 (95% CI 1.4 to 5.7). For HL, the overall IR was 5.0
(95% CI 2.0 to 10.4) per 100 000 person-years with an SIR
of 1.9 (95% CI 0.9 to 4.0).

Sensitivity analysis

Analyses where the first year of follow-up was included
showed similar results (online supplemental table 8
(NHL) and online supplemental table 9 (HL)).

DISCUSSION

Our nationwide study in Norway and Sweden showed a
30% increased risk of NHL in patients with ulcerative
colitis and Crohn’s disease. This excess risk was of similar
magnitude and in most instances statistically signifi-
cant across numerous subgroups defined by patient
and disease characteristics. The risk pattern was largely
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Non-Hodgkin's Lymphoma

10 20 30 40 50 60

Standardized rate per 100,000

0

1987 1992 1997 2002 2007 2012 2017
Calendar year

Sweden: IBD
rrrrrrrrr Sweden: Background

Norway: IBD
Norway: Background

Hodgkin's Lymphoma

Standardized rate per 100,000
0 10 20 30 40 50 60

1987 1992 1997 2002 2007 2012 2017
Calendar year

Sweden: IBD
————————— Sweden: Background

Norway: IBD
Norway: Background

Reference population: Norwegian general population as of 1987.

Figure 2 Age-standardised and sex-standardised incidence rates of non-Hodgkin's lymphoma (panel A) and Hodgkin’s
lymphoma (panel B). The Norwegian background population of 1987 was used as reference. Panel A: the peak in 1997 in
Sweden was due to cases of lymphoma in strata with few patients with inflammatory bowel disease (IBD). Moreover, the
number of patients with incident IBD was artifactually low before 2001, when outpatient records became available in the
Swedish Patient Register (online supplemental figure 2). Panel B: the figure is based on 14 cases in Norway and 29 cases in
Sweden. The increased rates in 2002 and 2003 in Norway were due to two cases in strata with very few patients with IBD.

similar for HL, but was statistically insignificant, possibly
due to smaller event rates and thus limited statistical
power. The only compelling deviations from this pattern
were more than threefold increased risk of lymphomas
in patients with IBD with concomitant PSC and in those
receiving combination immunosuppressive therapy with
anti-TNF-o. therapy and thiopurines.

Strengths of our study include its considerable
size, prospective population-based design, complete

long-term follow-up, and access to drug prescription
data. We also tried to accommodate the substantial meth-
odological challenges in studies of cancer risk in patients
with IBD.*® Several limitations of our study are notable:
both NHL and HL are complex, heterogenous disease
entities with many subgroups; these subgroups likely
have at least partly different causal patterns.”® Analyses
of specific subgroups, particularly of NHL, may there-
fore be required for causal inference. Unfortunately, this

Table 3 Crude incidence rates per 100 000 person-years, number of cancer cases and SIRs of non-Hodgkin's lymphoma
and Hodgkin’s lymphoma in patients with IBD in Sweden, 2005-2016*

1ybuAdoo

Non-Hodgkin’s lymphoma

Hodgkin’s lymphoma

Parameters IR (95% CI) O/E SIR (95% CI) IR (95% CI) O/E  SIR (95% CI)
Total 31.1(23.2t041.8) 44/36.7 1.2((09to1.6) 5.0(2.0to10.4) 7/3.7 1.9(0.9to4.0)
Immunosuppression therapyt
No anti-TNF-o therapy or 10.5 (1.5 t0 74.3) 29/32.6 0.9(0.6t01.3) 10.5(1.5t074.4) 4/29 1.4(0.5t03.6)
thiopurines
Monotherapy of anti-TNF-o. - 0/0.1 = 0/0 -
Monotherapy of thiopurines  46.5 (23.2 t0 93.0) 8/2.8 28(1.4t0o5.7) 11.6(29t046.5) 2/0.5 4.2(1.1to 16.9)
Combined therapy 67.3(32.1t0141.2) 7/1.2 5.7(@2.7t011.9) 9.6 (1.4t068.4) 1/0.3 3.5(0.51t024.8)

*The Swedish Prescribed Drug Register was available since 2005, therefore we included patients with IBD diagnosed from 2005; all patients
were at risk from 1year after initiation of treatment.
TDefinitions of biological drugs and thiopurines according to Anatomical Therapeutic Chemical codes in the Swedish Prescribed Drug
Register are shown in online supplemental table 4.

E, expected number of cases; IBD, inflammatory bowel disease; IR, incidence rate, per 100 000 person-years; O, observed number of cases;

SIR, standardised incidence ratio; TNF, tumour necrosis factor.
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would limit our follow-up time, since detailed classifica-
tion is only available with the introduction of ICD-O-3
in the cancer registries, which was introduced in 2005 in
Sweden. Furthermore, because the baseline incidence of
HL is so low, even larger studies are needed to achieve
informative statistical power. One important drawback
of a registry-based approach is the lack of valid informa-
tion on disease severity in register data. We used bowel
surgery as a proxy for disease severity, but this may have
low sensitivity and misclassify subgroups of patients with
severe disease who did not undergo surgery. We also used
the Montreal classification for disease severity, but the
positive predictive value for extensive disease (pancolitis)
seemed low, at only 60.8% in the Norwegian part of the
cohort (data not shown). More importantly, disease
severity could not be properly adjusted for in analyses on
pharmacotherapy, which entails that we cannot exclude
confounding by indication. Data on prescriptions were
not available in the Norwegian part of the cohort, and as
such the combined analyses with data from both coun-
tries represent a mix of treated and untreated patients
with IBD. Finally, our analyses on anti-TNF-o. therapy
may be limited in power due to low sensitivity for certain
agents in the Swedish Prescribed Drug Register and the
Swedish National Patient Register, which could dilute any
harmful effects due to misclassification of exposure.27

An excess of intestinal, mainly B-cell NHL, is widely
accepted in Crohn’s disease,” * while only limited
data exist on overall lymphoma risk in patients with
IBD. Conclusions are often hampered by low statistical
power, short follow-up, conflation of different haema-
topoietic malignancies and based on less than a dozen
observed lymphomas among patients with IBD. Since
the incidence of lymphoma is low, much larger studies
are needed if the true excess risk is the order of 30%
as suggested by our study. Comprising a large enough
dataset with sufficient data on disease severity and phar-
macotherapy poses a challenge. Based on our results, we
believe that patients with IBD do experience a modestly
increased risk of lymphomas compared with the back-
ground. High inflammatory activity has been suggested
to be the main cause of increased lymphoma risk in auto-
immune diseases.* * Our finding of higher excess risks
in patients with concomitant PSC and perianal disease
is in line with this theory. But we also acknowledge that
causal inference requires more detailed and validated
clinical data on disease severity, lymphoma subtype and
location and lifestyle factors such as smoking and body
mass index. With these limitations, we could not investi-
gate the direct effect of immunosuppressive therapy on
cancer risk.

The possible impact of immunosuppressive treatment
on risk of lymphomas among patients with IBD has been
extensively investigated, although published studies often
suffer from low statistical power due to few cases.® *' *'=*
A larger cohort study based on 336 lymphoma cases
comparing exposed and unexposed patients with IBD
found a 2.6fold increased lymphoma risk following

thiopurine monotherapy, 2.4-fold increased risk following
anti-TNF-o therapy and about 6-fold increased risk after
combination theralpy.34 We detected an increased risk
associated with combination pharmacotherapy and use
of thiopurines, in line with previous studies.” ' ** We
could not identify any cancers in patients exposed to
anti-TNF-o. monotherapy; the null finding is in line with
another population-based study,35 which showed no asso-
ciation between anti-TNF-o. therapy and ‘haematopoietic
and lymphoid’ malignancies (adjusted rate ratio of 0.90
(95% CI 0.41 to 1.91)), although this finding was based
on only eight cases.

In conclusion, we found consistent and statistically
significant associations between IBD and malignant
lymphomas with little evidence of heterogeneity across
different patient and disease characteristics. The abso-
lute risk is too low to warrant screening for lymphoma
in patients with IBD and should prompt caretakers
to emphasise the low absolute risk to patients in any
shared decision-making process concerning choice of
treatment for IBD. To strengthen the base for causal
inference, future studies need to assess the associations
separately for at least the major subtypes of both NHL
and HL. They also need to investigate in detail the
impact of immunosuppressive therapies, and the poten-
tial mutual confounding effect between disease severity
and drug treatment; such studies require large numbers
of observed cases and long-term follow-up, and more
detailed data on disease severity than what is currently
available in patient registers. A final challenge is to assess
whether an increased risk of malignant lymphomas in
IBD is indeed causal or arises due to shared risk factors,
perhaps acting through immunological mechanisms or
genetic predispositions.
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Fig. S1. Overview of cohort members included in analysis.

Norwegian IBD cohort Swedish IBD cohort
75,109 patients with at 123,829 patients with at
least one diagnostic listing least one diagnostic listing
related to IBD related to IBD
Excluded:
« 520 due to irrelevant codes Excluded:

* 3 patients due to IBD date
before 01 Jan 1987

« 23,906 patients with only one
diagnostic listing of IBD

« 31,349 patients with only one
diagnostic listing of IBD

v A,

50,680 patients with two 92,480 patients with two
diagnostic listings for IBD diagnostic listings for IBD
during 1987-2015 during 1993-2016
Excluded:

« 12 patients had sex conflict and

17 patients had birth date
Excluded: conflict
* 2,604 diagnosed with cancer at « 1 patient had invalid birth date
| baseline | 2 patients were diagnosed with
« 3,617 diagnosed with IBD at or IBD after 31 Dec, 2016
after end of follow-up « 5,145 patients had cancer at
+ 7 with invalid birth date baseline
* 262 patients dead before IBD

< 1 patient emigrated before IBD

44,452 patients with IBD 87,040 patients with IBD
included for analysis included for final analysis
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Fig. S2. Design diagram of analyses on pharmacotherapy in the Swedish cohort.
Diagram inspired by the work of Schneeweiss et al.,' made using template available at
https://presc.sdu.dk/repeat-diagrams/

Cohort entry date
Second IBD code
Day 0

Exclusion assessment window
Any prior cancer
Days [-infinity;end of follow-up]

Washout window
Exposure
Days [-365;-1]

Covariate assessment window

Baseline
Days [0;0]
Follow-up window
Days [365;end of follow up]
-1000 0 1000 »
Time (days)
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Table S1. ICD codes used to define patients with inflammatory bowel disease (IBD) from national patient
registry and hospital databases.

IBD subtype ICD-9 ICD-10
Ulcerative colitis (UC) 556 K51

Crohn’s disease (CD) 555 K50
Unclassified (IBD-U) UC+CD UC+CD or K523

Classification of IBD subtypes is based on the two first diagnostic codes:

Ulcerative colitis, 1st code UC, 2nd code UC;

Crohn’s disease, 1st code CD, 2nd code CD;

Unclassified, 1st code IBD-U, 2nd code IBD-U, or any combination of codes for UC, CD, and IBD-U.

ICD-9 was implemented in Sweden in 1987, and in Norway in 1986. ICD-10 was implemented in Sweden 1997,
and in Norway in 1999.
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Table S2. Definitions and diagnostic codes used to define ulcerative colitis (UC) and Crohn’s disease (CD)

according to the Montreal classification.

Ulcerative Extent Diagnostic codes
colitis Norway Sweden
El Ulcerative proctitis ICD-10=K512; ICD-10=K512
ICD-9=5561
E2 Left-sided UC ICD-10=K513, K515; ICD-10=K513, K515
ICD-9=5565
E3 Extensive UC ICD-10=K510, K511; ICD-10=K510, K511
ICD-9=5562
Ex Extent not defined ICD-10=K51, K514, K518, ICD-10=K514, K518, K519
K519;
ICD-9=5560, 55606, 5564,
5569
Crohn’s Location Diagnostic codes
disease Norway Sweden
L1 Small bowel disease or ICD-10=K500; ICD-10=K500;
terminal ileitis ICD-9=5550 ICD-9=555A
L2 Colon ICD-10=K501; ICD-10=K501;
ICD-9=5551, 55506 ICD-9=555B
L3 Ileocecal Crohn’s disease ICD-10=K508; ICD-10=K508;
ICD-9=5552 ICD-9=555C, 555AB
Lx Location not defined ICD-10=K509; ICD-10=K509;
ICD-9=555, 5559, 55502, ICD-9=555X, 555
56301
Crohn’s Behaviour Diagnostic codes
disease Norway Sweden
Bl Non-stricturing, None of the ICD-codes for B2 None of the ICD-codes for B2 or
non-penetrating or B3 B3
B2 Stricturing Crohn’s disease AND any of Crohn’s disease AND any of the
the following codes: ICD- following codes: IC10=K565,
10=K565, K566, K567, K624; K566, K567, K624; ICD-
ICD-9=5608, 5609 9=560W, 560X
B3 Penetrating Crohn’s disease AND any of Crohn’s disease AND any of the
the following diagnostic codes:  following diagnostic codes:
ICD-10=K630, K632, K316, IC10=K630, K632, K316, N823,
N823, N824; ICD-9=5374, N824; ICD-9=569F, 537E, 596B,
5696, 5961, 6191, 6298, OR 619B, OR any of the following
any of the following surgical surgical procedure codes (JHD20,
procedure codes (JHD20, JHD30, JHD33, JHD50, JHD60,
JHD30, JHD33, JHDS50, JHDG63, JFA76, JFA86, no 4603
JHD60, JHD63, JFA76, JFA86,  or2#GH 4962)
4603, 4962)
B2B3 Stricturing and penetrating Both of the ICD codes for B2 Both of the ICD codes for B2 and

and B3

B3

Perianal disease modifier

Crohn’s disease AND any of
the following diagnostic codes:
K603, K604, K605, K610,
K611, K612, K613, K614,
K624; ICD-9=565, 5650, 5651,
OR any of the following
surgical procedure codes:
(JHD20, JHD30, JHD33,
JHDS50, JHD60, JHD63,
JHAO00, JHA20, JHW96)

Crohn’s disease AND any of the
following diagnostic codes:
K603, K604, K605, K610, K611,
K612, K613, K614, K624; ICD-
9=565B, 566, 569C, OR any of
the following surgical procedure
codes: (JHD20, JHD30, JHD33,
JHD50, JHD60, JHD63, JHA0O,
JHA20, JTHW96)

ICD-9 was implemented in Sweden in 1987, and in Norway in 1986. Swedish ICD-9 codes do not discriminate
between different levels of extent of ulcerative colitis. ICD-10 was implemented in Sweden 1997, and in
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Norway in 1999. All codes were captured in the Swedish National Patient Register and Norwegian hospital
databases.
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Table S3: Definition of IBD-related bowel surgeries in Norway and Sweden.’

Norway Sweden
SIFF codes NCSP-N codes  5/6™ revision 7™ revision
(1980-1998) (1999- present)  (1963-1996) (1997-present)
Small bowel 4620, 4621, JFBO00, JFBO1, 4630, 4631 JFB00-01
resection 4722, 4672 JFCO00, JECO1,
JFA60
Colon resection 464, 4723,4673  JFB4, JFB50, 464, 4713 JFB2-JFB6
JFB51, JFB6
Rectum resection 482 JGB 482 JGB
Other or 4724 JFB20, JFB21,
combinations JFB33, JFB34,

JFBS53, JFB54,
JFB96, JFB97
Total colectomy 465 JFH 465 JFH

SIFF: Statens Institutt for Folkehelse; Norwegian Institute of Public Health classification of surgeries.
NCSP: Nordic Medico-Statistical Committee (NOMESCO) Classification of Surgical Procedures. NCSP was
introduced in Norway in 1999, and in Sweden in 1997.
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Table S4: Definition of biologic drugs and thiopurines according to Anatomical Therapeutic Chemical
(ATC) codes in the Swedish Prescribed Drug Register.
Medication ATC code

Thiopurines (mixed with Allopurinol or not)

Azathioprine L04AX01
Mercaptopurine LO1BB02
Anti-TNF agents
Etanercept LO4ABO1
Infliximab LO4AA12,
L04AB02
Adalimumab LO4AB04
Certolizumab pegol LO4ABO5
Golimumab LO4AB06
8
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Table S5: Definition of cancer outcomes in Norway and Sweden.*

Table S5A: Outcome definitions in Norwegian data, using ICD-10 and ICD-0O-3 codes.
Outcome ICD-10 ICD-0O-3 topography ICD-O-3 morphology

Hodgkin’s lymphoma C81 C77 965-966

Non-Hodgkin’s lymphoma
B-cell (82, C83, C85: C77 967-969, 9728, 973,
9761-9767, 9769, 9823,
9826, 9833, 9836, 9940
CLL* (91.1 C421 9823

T/NK-cell C84, C86 c77 970,971, 9729, 9827,
9831, 9834, 9837, 9948

*C91.1. CLL, leukemic presentation, morphology code 9823; C42.1. CLL, lymphoma presentation, morphology
code 9823.

Table S5B. ICD-O-2 and SNOMED codes for leukemia and lymphomas in Sweden.

Outcome ICD-02 SNOMED
Non-Hodgkin’s lymphoma (NHL) C82-C85 Any code starting with 95, 96, 97,98
Hodgkin’s lymphoma (HL) C81 Any code starting with 95, 96, 97,98
Chronic lymphocytic leukemia Co1.1 Any code starting with C98
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Table S6: Number of cases, standardized incidence ratio, and crude incidence rates per 100,000 person-
years for non-Hodgkin lymphoma, Norway and Sweden.

Parameters Norway 1987-2015 Sweden 1993-2016
IR (95% CI) O/E SIR (95% CI) IR (95% CI) O/E SIR (95% CI)
Total 20,4 (16,6 to 25,1) 90/69,1 1,3(1,1t01,6) 36,9 (32,8t041,5) 279/208,7 1,3 (1,2to1,5)
Sex
Female 16,8 (12,1 to 23,3) 36/27 1,3(1,0t01,8) 29,4 (24,4 to 35,5) 109/82,4 1,3 (1,1to0 1,6)
Male 23,8 (18,3to31,1) 54/42,1 13(1,0to1,7) 44,1 379t051,3) 170/126,3 1,3(1,2t01,6)
Age at IBD diagnosis
<20 1,9 (0,3 to 13,6) 1/0,6 1,8 (0,3 to 12,9) 8,5(4,0t017,8) 71,5 4,6 (2,2t09,7)
20-39 6,53, 7to 11,1) 13/10,3 1,3 (0,7 to 2,2) 12,2 (8,8 to 17) 35/18,4 1,9 (1.4 to 2,6)
40-59 32,8 (24,4to044,1) 44/32,6 13(1,0to1,8) 42,7(35,7t051,2) 117/90,2 1,3 (1,1 to 1,6)
60+ 60,8 (43 to 85,9) 32/25,7 1,2(09to1,8) 107 (89,5t0 127,9)  120/98,5 1,2(1,0to 1,5)
Calendar year of IBD diagnosis®
1987/93-2002 19,3 (15,1 to 24,7) 63/514 12(1,0t0o1,6) 40,4 (35,2t046,3) 205/147 1,4 (1,2 to 1,6)
2003-2015/6 23,7 (16,3 to 34,6) 27/17,8 1,5(1,0t02,2) 29,8 (23,7 to 37,4) 74/61,7 1,2 (1,0to 1,5)
IBD subtype
Ulcerative colitis 14,8 (9,6 t0 23,0)  20/15,7 1,3 (0,8 to 2,0) 36,9 (30,2 to 45) 97/67,3 1,4 (1,2 to 1,8)
Crohn’s disease 23 (18 t029.,4) 63/48,6 1,3(1,0to1,7) 37,7(32,4t043,9) 168/129,5 1,3(1,1to 1,5)
IBD-unclassified 22,2 (10,6 to 46,5) 7/4,8 1,5(0,7t03,1) 29,9 (17,7 to 50,4) 14/11,9 1,2 (0,7 to 2,0)
Extent of ulcerative colitis ”
El (proctitis) 25,6 (16,1 to 40,7) 18/13,3 1,3(09t02,1)  38,5(23,6 to 62,9) 16/10,8 1,5(0,9 to 2,4)
E2 (left-sided) 26,8 (11,2 to 64,4) 5/3,7 1,3(0,6t03,2) 359(25,1t051,4) 30/26,2 1,1 (0,8 to 1,6)
E3 (extensive) 21,7 (15,4 t0 30,6) 33/244 1,4(1,0t01,9) 34,8 (28,2 to 43) 86/65,5 1,3 (1,1 to 1,6)
Ex (not defined) 21 (10,0 to 44,1) 7/7,1 1(0,5to02,1) 49 (35,3 t0 67,9) 36/27 1,3 (1,0 to 1,8)
Location of Crohn’s disease”
L1 (terminal ileitis) 33,9 (16,9 to 67,8) 8/3,1 2,6 (1,3t05,1) 44,3(28,31t069,5) 19/13,2 1,4 (0,9 t0 2,2)
L2 (colonic) 16,4 (6,8 to 39,3) 5/4,2 1,2 (0,5 to 2,8) 38,9 (24,8 to 61) 19/13,1 1,5 (0,9 to 2,3)
L3 (ileocecal) 9,1 (4,1 t0 20,4) 6/6,1 1(0,4t02,2) 29,9 (22,1 to 40,4) 42/31,7 1,3 (1,0 to 1,8)
Lx (not defined) 6,5 (0,9 to 46,5) 1/2,3 0,4 (0,1to3,1) 55,134,210 88,6) 17/9,3 1,8 (1,1 t0 2,9)
Behavior of Crohn’s disease”
B1 (non structuring / penetrating) 16,6 (10,2 to 27,1) 16/114 1,4 (0,9 to 2,3) 30,8 (23,7 to 40) 56/44.4 1,3 (1,0 to 1,6)
B2 (stricturing) 9,3 (2,3 t037,3) 2/3 0,7 (0,2 to 2,7) 60 (43,1 to 83,6) 35/18,2 1,9 (1,4t02,7)
B3 (penetrating) - 0/0,8 - 45,7 (19,0 to 109,9) 5/2,0 2,5(1,0t05,9)
B2B3 (stricturing and penetrating) 31,5 (7,9 to 126,1) 2/0,6  3,5(0,9to 14,1) 8,4 (1,2 to 59,8) 1/2,6 0,4 (0,1 to 2,7)
Perianal disease of Crohn’s disease”
No 15,4 (9,6 to 24,8) 17/13,7 1,2(0,8t02,0) 30,3 (23,6 to 39,1) 60/52,7 1,1 (0,9to 1,5)
Yes 12,2 (3,9 to 37,8) 3/2 1,50,5t04,7) 56,6 (41,0 to 78,1) 37/14,7 2,5 (1,8 to 3,5)
Years since IBD diagnosis
>1-2 25,1 (13,5 to 46,6) 10/4,7 2,1 (1,1t03,9) 34,3(23,5t049,9) 27/17,7 1,5(1,0t02,2)
>2-5 219(14,5t0329) 23/134 1,7(1,1t02,6) 31,3 (24,51t039,9) 65/49,9 1,3(1,0to 1,7)
>5-10 15 (9,7 t0 23,2) 20/19,6 1 (0,7 to 1,6) 37 (30,2 to 45,2) 95/70,3 1,4(1,1to01,7)
10+ 22,8(16,5t031,5) 37/314 1,2(09to1,6) 43,4(35,41t053,2) 92/70,9 1,3 (1,1 to 1,6)
Primary sclerosing cholangitis®
No 19,7(159t024,3) 85/68,1 1,2(1,0to1,5) 36 (31,9 to 40,6) 264/203,8 1,3 (1,1to01,5)
Yes 59,5(24,8to 143,1)  5/1,1 4,7 2,0to 11,3) 65,4 (39,4 to 108,5) 15/4,8 3,1(1,91t05,2)
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Bowel surgery during follow—up“l

No 21,3(17t026,7)  75/563 13(1,1t01,7) 34,5(30,3t039,3) 228/184,6 1,2(1,1to1,4)
Yes 17,1(10,3t028,3) 15/12,8 1,2(0,7t0o 1,9) 53,3 (40,5 to 70,2) 517240 2,1 (1,6t02,8)

IR, incidence rate, per 100 000 person-years; CI, confidence interval; O, observed number of cases; E, expected

number of cases; SIR, standardized incidence ratio.

*All patients were at risk from one year after IBD diagnosis;

*Patients 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;

"Definitions and diagnostic codes were used according to the Montreal classifications using ICD9 and ICD10 in

Norwegian data and using ICD-10 in Swedish data, representing maximum disease involvement during follow-

up, see Table S2 for details;

“Patients with primary sclerosing cholangitis contributed person-time to the non-PSC group until the date of

PSC diagnosis;

“Bowel surgeries included colectomy, small bowel resection, rectal resection, and colon resection during follow-

up. See Table S3 for definitions.

11

Yu J, et al. BMJ Open Gastro 2023; 10:€001037. doi: 10.1136/bmjgast-2022-001037



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material

placed on this supplemental material which has been supplied by the author(s)

BMJ Open Gastro

Table S7: Number of cases, standardized incidence ratio, and crude incidence rates per 100,000 person-

years for Hodgkin lymphoma, Norway and Sweden.

Norway 1987-2015

Sweden 1993-2016

IR (95% CI)

O/E

SIR (95% CI)

IR (95% CI)

O/E

SIR (95% CI)

Parameters
Total
Sex
Female
Male
Age at IBD diagnosis
<20
20-39
40-59
60+

Calendar year of IBD diagnosis®

1987/93-2002
2003-2015/6
IBD subtype
Ulcerative colitis
Crohn’s disease
IBD-unclassified
Extent of ulcerative colitis ®
E1 (proctitis)
E2 (left-sided)
E3 (extensive)
Ex (not defined)
Location of Crohn’s disease”
L1 (terminal ileitis)
L2 (colonic)
L3 (ileocecal)
Lx (not defined)
Behavior of Crohn’s disease”
B1 (non structuring / penetrating)
B2 (stricturing)
B3 (penetrating)
B2B3 (stricturing and penetrating)
Perianal disease of Crohn’s disease”
No
Yes
Years since IBD diagnosis
>1-2
>2-5
>5-10
10+
Primary sclerosing cholangitis®
No
Yes

3.4 (2,1105,6)

3,3(1,6t06,9)
3,5(1,8t07,1)

3,8(1to0153)
3(1,3106,6)
3,7(1,6 09)
3,8 (0,9 to 15,2)

2,4 (1,2104,9)
6,1 (2,9 to 12,9)

3,7(1,51t08,9)
3,6(2,0t06,8)

7,1 (3,0to 17,1)

33(141t07,9)

3,3(0,5t023,2)
6,1 (2,3t016,3)

4,1 (1,6 to 11,1)

9,3 (1,3 t065,9)

4,5 (1,9 t0 10,9)

7,5 (2,4 t0 23,3)
1,9 (0,5 to 7,6)
4,5 (2,0 to 10,0)
2,5 (0,9 to 6,6)

3(1,7t05,2)
23,8 (6,0 t0 95,2)

15/10,6

/4
8/6,6

2/1,7
6/5,1
52,6
2/1,2

8/7,7
7/2,9

5/3,4
10/6,5
0/0,8

5/1,6
0/0,4
5/3,7
0/0,8

0/0,6
1/0,7
4/1,7
0/0,4

42,4
0/0,5
1/0,3
0/0,2

52,7
0/0,6

3/1
2/2,6
6/3,3
4/3,7

13/10,4
2/0,2

1,4 (0,9 to 2,3)

1,8 (0,8 to0 3,7)
1,2 (0,6 to 2,4)

1,2 (0,3 to 4,8)
1,2 (0,5 to 2,6)
1,9 (0,8 to 4,6)
1,6 (0,4 to 6,6)

1,0 (0,5 to 2,1)
24 (1,1 t0 5,1)

1,5 (0,6 to 3,6)
1,5 (0,8 t02,9)

3,1(1,3t07,5)

1,4 (0,6 t0 3,2)

1,4 (0,2t09,7)
2,4 (0,9 t0 6,3)

1,7 (0,6 to 4,5)

3,5 (0,5 to 24,6)

1,8 (0,8 to 4,4)

3(1,0t09,4)
0.8 (0,2 to 3,1)
1,8 (0,8 to 4,1)
1,1 (04 t02,9)

1,3 (0,7 t02,2)
9,1 (2,31t036,3)
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3,8(2,7t05,5)

24 (1,3 t04,7)
52 (3,3 to 8,0)

2,4 (0,6 10 9,7)
3,8(2,1106,9)
2,9 (1,510 5,8)
7.1 3,6 to 14,3)

4,1 (2,710 6.,3)
3,2 (1,6 to 6,4)

42(2,3t07,5)
38(241t06,1)
2,1(0,3t015,2)

4,8 (1,210 19,3)
4,8 (1,810 12,8)
3,2(1,6 106,5)
4,1 (1,3 to0 12,7)

2,3 (0,3 t0 16,6)
10,2 (4,3 to 24,6)
3,6 (1,5 t0 8,5)

4,4 (2,210 8,8)
9,1 (1,3 t0 64,9)
16,8 (4,2 t0 67,3)

2,5 (1,1 t0 6,1)
9.2 (4,1 to 20,4)

1,3(021t09)
1.4 (0,5 t0 4,5)
5.1 (2,9 t08,7)
57 (3.2 to 10)

3,8(2,61t05,5)
4,6 (0,7 to 32,9)

29/17,9

9/7,6
20/10,2

2/2,7
11/6,6
8/5,4
8/3,2

21/11,4
8/6,5

11/6,1
17/10,6
1/1,2

2/0,9
4/1,9
8/5,9
3/1,7

1/1,0
5/1,1
5/3,3
0/0,7

8/4,3
0/1,3
1/0,3
2/0,3

5/4,6
6/1,5

1/1,9
3/4,9
13/6,1
12/5,0

28/17,3
1/0,5

1,6 (1,1 to 2,3)

1,2 (0,6 t0 2,3)
2(1,3t03,0)

0,7 (0,2 to 3)
1,7 (0.9 to 3)
1,5 (0,7 to 3)
2,5(1,3105)

1,8 (1,2 t0 2,8)
1,2 (0,6 to 2,5)

1,8 (1,0 t0 3,2)
1,6 (1,0 to 2,6)
0,9 (0,1 to 6,2)

2,1 (0,5 to 8,4)
2,1(0,8105,5)
1,3 (0,7 t02,7)
1,7 (0,6 to 5,4)

1 (0,1 to 7,0)
4,4 (1,80 10,5)
1,5 (0,6 to 3,7)

1,9 (0,9 t0 3,7)
3,7(0,5 t0 26,4)
7,8 (1,9 to 31,1)

1,1 (0,5 t0 2,6)
4(1,8t08,9)

0,5 (0,1 to 3,8)
0,6 (0,2 to 1,9)
2,1 (12103,7)
2.4 (14 104,2)

1,6 (1,1 t0 2,3)
1,8 (0,3 to 13,0)
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Bowel surgery during follow—upd

No  3,7(2,1t06,3) 13/8,5 1,5(0,9 t0 2,6) 33(22t05,1) 21/149 14(09t022)
Yes 2,3(0,6t09,1) 2/22  09(0,2t03,7) 8,4 (4,2t016,7) 8/2,3 3,5(1,8t0 7,0)

IR, incidence rate, per 100 000 person-years; CI, confidence interval; O, observed number of cases; E, expected

number of cases; SIR, standardized incidence ratio.

*All patients were at risk from one year after IBD diagnosis;

*Patients 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;

"Definitions and diagnostic codes were used according to the Montreal classifications using ICD9 and ICD10 in

Norwegian data and using ICD-10 in Swedish data, representing maximum disease involvement during follow-

up, see Table S2 for details;

“Patients with primary sclerosing cholangitis contributed person-time to the non-PSC group until the date of

PSC diagnosis;

“Bowel surgeries included colectomy, small bowel resection, rectal resection, and colon resection during follow-

up. See Table S3 for definitions.
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Table S8: Number of cases, standardized incidence ratio, and crude incidence rates per 100,000 person-
years for non-Hodgkin lymphoma, Norway and Sweden, first year of follow-up included.

Parameters Norway 1987-2015 Sweden 1993-2016
IR (95% CI) O/E SIR (95% CI) IR (95% CI) O/E SIR (95% CI)
Total 20,1 (16,4 to 24,5) 97174 1,3 (1,1 to 1,6) 41,2 (37,1 to 45,8) 346/227,0 1,5(1,4t0 1,7)
Sex
Female 17 (12,5 to 23,2) 40/29 1,4(1to 1,9) 31,2 (26,2 to 37,0) 128/89,6 1,4 (1,2t0 1,7)
Male 23 (17,7 to 29,8) 57/45 1,3 (1to 1,6) 50,9 (44,5 to 58,1) 218/137,3 1,6 (1,4 to 1,8)
Age at IBD
diagnosis
<20 3,5(09t0 14) 2/0,6 3,5(0,9 to 13,9) 10,9 (5,9 t0 20,2) 10/1,6 6,1 (33t011,4)
20 to 39 6 (3,5t0 10,2) 13/10,5 1,2 (0,7 to 2,1) 12,9 (9,5t0 17,6) 41/19,3 2,1 (1,6 t02,9)
40-59 31,2 (23,4 to 41,7) 46/34,1 1,3(1to 1,8) 46,5 (39,4 to 54,8) 140/95,0 1,5(1,2to 1,7)
60+ 119,7 (102,3 to
59,7 (43 to 82,7) 36/28,8 1,2 (0,9to 1,7) 140,1) 155/111,1 1,4 (1,2 to 1,6)
Calendar year of
IBD diagnosis®
1987/93-2002 19 (14,9 to 24,2) 66/53,3 1,2 (1to 1,6) 44,0 (38,7 t0 49.,9) 240/155,5 1,5(1,4t01,8)
2003-2015/6 22,8 (16 to 32,4) 31/20,8 1,5(1,1t02,1) 36,1 (29,8 to 43,7) 106/71,5 1,5(1,2t0 1,8)
IBD subtype
Ulcerative colitis 15,6 (10,3 to 23,4) 23/16,8 1,4 (0,9 to 2,1) 443 (37,3 t0 52,7) 129/72,9 1,8 (1,5t02,1)
Crohn’s disease 22,3 (17,6 to 28,4) 67/52 1,3 (1to 1,6) 40,4 (35,2t0 46,4) 200/140,7 1,4 (1,2 to 1,6)
IBD to
unclassified 19,9 (9,5 to 41,6) 7/5,2 1,3 (0,6 to 2,8) 31,8 (19,8 to 51,1) 17/13,4 1,3 (0,8 to 2,0)
Extent of
ulcerative colitis ®
E1 (proctitis) 25 (15,9 to 39,2) 19/14,1 1,3(0,9 to 2,1) 33,6 (20,6 to 54,9) 16/12,0 1,3 (0,8 to 2,2)
E2 (left-sided) 28,7 (12,9 to 63,9) 6/4,1 1,5 (0,7 to 3,3) 35,1 (25,0t049,4) 33/28,8 1,1 (0,8 to 1,6)
E3 (extensive) 20,5 (14,6 to 28,6) 34/26 1,3 (0,9 to 1,8) 36,9 (30,3 to 44,9) 100/70,0 1,4 (1,2t0 1,7)
Ex (not defined) 21,5 (10,8 to 43) 8/7,8 1(0,5t02,1) 62,0 (47,1 to 81,6) 51/30,0 1,7(1,3t02,2)
Location of
Crohn’s disease®
L1 (terminal
ileitis) 33,9 (17,6 to 65,2) 9/3,4 2,6 (1, 4t05) 62,0 (43,4 to 88,7) 30/14,6 2,1 (1,41t02,9)
L2 (colonic) 18 (8,1 to 40) 6/4,5 1,3 (0,6 t0 2,9) 42,3 (28,1 to 63,7) 23/14,2 1,6 (1,1t 2,4)
L3 (ileocecal) 9,9 (4,7 t0 20,7) 7/6,3 1,1 (0,5 to 2,3) 33,9 (25,9 to 44,5) 52/33,6 1,5 (1,2 to 2,0)
Lx (not defined) 5,9 (0,8 to 41,9) 1/2,5 0,4 (0,1 to 2,8) 68,3 (45,8 to 101,9) 24/10,5 2,3(1,5t03,4)
Behavior of
Crohn’s disease®
B1 (non
structuring /
penetrating) 17,9 (11,4 to 28) 19/12,3 1,5(1to 2,4) 40,9 (33,0 to 50,7) 83/48.4 1,7 (1,4 to 2,1)
B2 (stricturing) 8,7 (2,2t034,7) 2/3,1 0,6 (0,2 to 2,6) 63,2 (46,3 to 86,1) 40/19,5 2,1 (1,51t02,8)
B3 (penetrating) 0 0/0,8 -t0 0) 41,6 (17,3 to 100,1) 5/2,2 2,3(1,0t05,5)
B2B3 (stricturing
and penetrating) 29,7 (7,4 to 118,6) 2/0,6 3,4 (0,9 to 13,6) 7,8 (1,1 to 55,7) 1/2,8 0,4 (0,1 to 2,6)
Perianal disease
of Crohn’s
disease®
No 16,5 (10,6 to 25,6) 20/14,7 1,4 (0,9 to 2,1) 40,0 (32,5 t0 49,3) 88/57,3 1,5(1,2t01,9)
Yes 11,3 (3,6 to 35) 3/2,1 1,5 (0,5 to 4,5) 57,6 (42,4 to 78,2) 41/15,6 2,6 (1,9 to 3,6)
Years since IBD
diagnosis
0-1 16,4 (7,8 to 34,4) 7149 1,4 (0,7 to 3) 79,9 (62,9 to 101,5) 67/18,3 3,7(29t04,7)
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>1-2 251 (13,5 to 46,6) 10/4,7 2,1(1,1t03,9) 34,3 (23,5 t0 49,9) 27117,7 1,5 (1,0 t0 2,2)
>2-5 21,9 (14,5 t0 32,9) 23/13,4 1,7 (1,1 to 2,6) 31,3 (24,5 t0 39,9) 65/49,9 1,3(1,0to 1,7)
>5-10 15 (9,7 t0 23,2) 20/19,6 1 (0,7 to 1,6) 37,0 (30,2 to 45,2) 95/70,3 1,4(1,1t01,7)
10+ 22,8 (16,5 to 31,5) 37/31,4 1,2 (0,9 to 1,6) 43,4 (35,4 t0 53,2) 92/70,9 1,3(1,1t0 1,6)
Primary
sclerosing
cholangitis®
No 19,4 (15,8 to 23,8) 92/72,9 1,31 to 1,5) 40,0 (35,9 to 44,6) 326/221,9 1,5(1,3t0 1,6)
Yes 56,6 (23,6 to 136) 5/1,1 4,6 (1,9 to 10,9) 81,8 (52,8 to 126,8) 20/5,1 392,5t06,1)

Bowel surgery
during follow to
upd
No 20,4 (16,4 to 25,4) 80/60,8 1,3 (1,1 to 1,6) 38,7 (34,5 t0 43,5) 287/202,4 1,4 (1,3 t0 1,6)
Yes 18,7 (11,6 to 30,1) 17/13,2 1,3(0,8t02,1) 60,0 (46,5 to 77,5) 59/24,6 24(19t03,1)
IR, incidence rate, per 100 000 person-years; CI, confidence interval; O, observed number of cases; E, expected
number of cases; SIR, standardized incidence ratio,
*All patients were at risk from one year after IBD diagnosis;
"Patients 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;
"Definitions and diagnostic codes were used according to the Montreal classifications using ICD9 and ICD10 in
Norwegian data and using ICD-10 in Swedish data, representing maximum disease involvement during follow-
up, see Table S2 for details;
“Patients with primary sclerosing cholangitis contributed person-time to the non-PSC group until the date of
PSC diagnosis;
“Bowel surgeries included colectomy, small bowel resection, rectal resection, and colon resection during follow-
up, See Table S3 for definitions,
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Table S9: Number of cases, standardized incidence ratio, and crude incidence rates per 100,000 person-
years for Hodgkin lymphoma, Norway and Sweden, first year of follow-up included.

Parameters Norway 1987-2015 Sweden 1993-2016
IR (95% CI) O/E SIR (95% CI) IR (95% CI) O/E SIR (95% CI)
Total 3,5(2,2t05,7) 17/11,7  1,5(0,9 to 2,3) 4,0(2,91t05,7) 34/19,8 1,7 (1,2t02,4)
Sex
Female 3(1,4t06,2) 7/4.4 1,6 (0,8 to 3,3) 2,7 (1,5t04,8) 11/8,5 1,3 (0,7 to 2,3)
Male 4(2,2t017,5) 10/7,3 1,4 (0,7 to 2,6) 5,4 (3,6 t0 8,1) 23/11,3 2,0(1,3to3,1)
Age at IBD diagnosis
<20 3,5(0,9 to 14) 2/1,8 1,1 (0,3 to 4,5) 4,4 (1,6-11,6) 4/2,9 1,4 (0,5 to 3,7)
20to 39 3,2(1,5t06,7) 715,7 1,2 (0,6 to 2,6) 3,8 (2,21t06,7) 12/7,5 1,6 (0,9 to 2,8)
40-59  41(1,8t09,1) 6/2,9 2,1 (0,9 to 4,7) 2,7 (1,3t05,3) 8/5,8 1,4 (0,7 to 2,7)
60+ 3,3(0,8to 13,3) 2/1,4 1,4 (0,4 to 5,7) 7,7 (4,210 14,4) 10/3,6  2,8(1,5t05,1)
Calendar year of IBD diagnosis®
1987/93-2002 2,6 (1,3t05) 9/8,2 1,1 (0,6 to 2,1) 4,2 (2,8 t0 6,3) 23/12,2 1,9 (1,2 t0 2,8)
2003-2015/6 59 (2,9 to 11,7) 8/3.5 2,3 (1,2 t0 4,6) 3,7 (2,1106,8) 11/7,6 1,4 (0,8 to 2,6)
IBD subtype
Ulcerative colitis 34(,4t08,1) 5/3,7 1,4 (0,6 to 3,3) 4,8 (2,8 t08,1) 14/6,8 2,1 (1,210 3,5)
Crohn’s disease 3,7 (2t0 6,6) 11/7,1 1,5 (0,9 to 2,8) 3,8 (2,4106,0) 19/11,7 1,6 (1,0t0 2,5)
IBD-unclassified 2,8 (0,4 to 20,1) 1/0,9 1,2 (0,2 to 8,3) 1,9 (0,3 to 13,3) 1/1,3 0,8 (0,1t05,4)
Extent of ulcerative colitis ®
El (proctitis) 6,6 (2,7 to 15,8) 5/1,7 29(1,2t06,9) 4,2(1,1to016,8) 2/1,1 1,8 (0,5t0 7,3)
E2 (left-sided) - 0/0,5 - 5,3 (2,210 12,8) 52,2 2,3(0,9t05,5)
E3 (extensive) 3,6 (1,6 to 8) 6/4,1 1,5 (0,7 to 3,3) 3,0(1,5t05,9) 8/6,5 1,2 (0,6 to 2,5)
Ex (not defined) - 0/0,8 - 49 (1,8 to 13,0) 4/1,9 2,1 (0,8 1t05,5)
Location of Crohn’s disease®
L1 (terminal ileitis) - 0/0,7 - 4,1 (1,0 to 16,5) 2/1,1 1,7 (0,4 to 7,0)
L2 (colonic) 3(0,4to 21,3) 1/0,8 1,2(0,2t08,8) 11,0(5,0to 24,6) 6/1,3 4,7 (2,1 to 10,5)
L3 (ileocecal) 5,6 (2,1 to 15) 4/1,8 2,2 (0,8t05,9) 3,9(1,8t08,7) 6/3,6 1,7 (0,8 to 3,8)
Lx (not defined) - 0/0,4 - - 0/0,8 -
Behavior of Crohn’s disease”
B1 (non structuring / penetrating) 3,8 (1,4 to 10) 4/2,6 1,5 (0,6 to 4) 5,4 (3,0-9,8) 11/4,8 2,3(1,3-4,1)
B2 (stricturing) - 0/0,6 - - 0/1,4 -
B3 (penetrating) 8,6 (1,2 to 60,7) 1/0,3 3,2(0,41t022,6) 8,3(1,2t059,1) 1/0,3 3,4 (0,5 to 24,0)
B2B3 (stricturing and penetrating) - 0/0,2 - 15,7 (3,9 to 62,8) 2/0,3 7,2 (1,8 t0 29,0)
Perianal disease of Crohn’s disease”
No  4,1(1,7t09,9) 5/3 1,7 (0,7to 4) 3,6 (1,8t07,3) 8/5,1 1,6 (0,8 to 3,1)
Yes - 0/0,7 - 8,4 (3,810 18,8) 6/1,6 3,6 (1,6 t0 8,1)
Years since IBD diagnosis
0-1 47(01,2t018,8) 2/1,1 1,9 (0,5 to 7,5) 6,0 (2,5 to 14,3) 52,0 2,5 (1,0 to 6,0)
>1-2 752,41023,3) 3/1 3(1t09,4) 1,3 (0,2 t0 9,0) 1/1,9 0,5 (0,1 to 3,8)
>2-5 1,9 (0,5 to 7,6) 2/2,6 0,8 (0,2 to 3,1) 1,4 (0,5 to 4,5) 3/4,9 0,6 (0,2t01,9)
>5-10 4,5 (2to 10) 6/3,3 1,8 (0,8 to 4,1) 5,1 (2,91t08,7) 13/6,1 2,1 (1,210 3,7)
10+ 2,5(0,9 to 6,6) 4/3,7 1,1 (0,4 t0 2,9) 5,7 (3,2 t0 10,0) 12/50 2,4 (1,4t04,2)
Primary sclerosing cholangitis®
No 3,2(19t05,2) 15/114 1,3(0,8t02,2) 4,0(12,9t05,7) 33/19,2 1,7(1,2t02,4)
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Yes 22,6(57t090,5) 2/02 87 (22t034,6) 4,1(0,6t290) 1/0,6 1,6(02to 11,5

Bowel surgery during follow to up*

No 3,6 (2,1 to 6) 14/9,4  1,5(0,9 to 2,5) 35241t052) 26/17,5 1,5(1,0t02,2)

Yes 33 (1,1t010,2) 3/2,2 1,3(04t04,2) 8,1(4,1t016,3) 8/2,3 3,4 (1,7 t0 6,8)
IR, incidence rate, per 100 000 person-years; CI, confidence interval; O, observed number of cases; E, expected
number of cases; SIR, standardized incidence ratio,
*All patients were at risk from one year after IBD diagnosis;
*Patients 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;
"Definitions and diagnostic codes were used according to the Montreal classifications using ICD9 and ICD10 in
Norwegian data and using ICD-10 in Swedish data, representing maximum disease involvement during follow-
up, see Table S2 for details;
“Patients with primary sclerosing cholangitis contributed person-time to the non-PSC group until the date of
PSC diagnosis;
“YBowel surgeries included colectomy, small bowel resection, rectal resection, and colon resection during follow-
up, See Table S3 for definitions,
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