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BACKGROUND. The objective of the current study was to determine the incidence of
cancer among persons with inflammatory bowel disease (IBD) and to compare
these incidence rates with those of the non-IBD population using population-
based data from the administrative claims data of Manitoba’s universal provincial
insurance plan (Manitoba Health).
METHODS. IBD patients were matched 1:10 to randomly selected members of the
population without IBD based on year, age, gender, and postal area of residence.
The incidence of cancer was determined by linking records from the IBD and
non-IBD cohorts with the comprehensive Cancer Care Manitoba registry. Inci-
dence rates and rate ratios (IRR) were calculated based on person-years of follow-
up (Crohn’s disease ! 21,340 person-years and ulcerative colitis [UC] ! 19,665
person-years) for 1984 –1997.
RESULTS. There was an increased IRR of colon carcinoma for both Crohn disease
patients (2.64; 95% confidence interval [95% CI], 1.69 – 4.12) and UC patients (2.75;
95% CI, 1.91–3.97). There was an increased IRR of rectal carcinoma only among
patients with UC (1.90; 95% CI, 1.05–3.43) and an increased IRR of carcinoma of the
small intestine only in Crohn disease patients (17.4; 95% CI, 4.16 –72.9). An in-
creased IRR of extraintestinal tumors was observed only for the liver and biliary
tract in both Crohn disease patients (5.22; 95% CI, 0.96 –28.5) and UC patients
(3.96; 95% CI, 1.05–14.9). There was an increased IRR of lymphoma for males with
Crohn disease only (3.63; 95% CI, 1.53– 8.62), and this finding did not appear to be
related to use of immunomodulatory therapy. Compared with controls, Crohn’s
disease was associated with an increased risk of cancer overall, but UC was not.
CONCLUSIONS. There appear to be similar increased risks for developing colon
carcinoma and hepatobiliary carcinoma among patients with Crohn disease and
UC. There is an increased risk of developing rectal carcinoma in UC patients, an
increased risk of developing carcinoma of the small bowel in Crohn disease
patients, and an increased risk of developing lymphoma among males with Crohn
disease. Cancer 2001;91:854 – 62. © 2001 American Cancer Society.

KEYWORDS: administrative databases, cancer, inflammatory bowel disease, popu-
lation-based.

U lcerative colitis (UC) is associated with an increased risk of colo-
rectal carcinoma. This has been identified in both referral center

studies1– 6 and population-based studies.7–9 This risk is associated
with an increased duration of disease and an increased extent of
disease, and more recently has been associated with a concurrent
diagnosis of primary sclerosing cholangitis.10 A number of studies
have reported increased rates of colon carcinoma in individuals with
Crohn disease (CD),11–13 but to our knowledge few have been popu-
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lation-based.14 There have been varied reports of ex-
tracolonic malignancies in both UC and CD patients,
but again to our knowledge only a few reports have
been population-based.8,9,15,16 The risk of lymphatic
malignancies in patients with inflammatory bowel dis-
ease (IBD) has become an increasingly important is-
sue in view of the recent use of new biologic immu-
nomodulatory therapies, such as antibody to tumor
necrosis factor-! (TNF-!).17

We linked a population-based IBD database18 to a
comprehensive cancer registry to determine the inci-
dence rates of various types of cancer among persons
with IBD in a North American population for the years
1984 –1997. We also compared these rates with those
of a non-IBD population that was matched based on
age, gender, and geographic location of residence.

MATERIALS AND METHODS
Overview
A matched cohort design was used. The site specific
cancer incidence rates in a cohort of persons with IBD
were compared with those of a non-IBD cohort that
was matched (1:10) to the IBD cohort based on age,
gender, and geographic location of residence.

Data Sources
The IBD cohort was created based on members of the
population-based University of Manitoba IBD Data-
base. The creation and characteristics of this database
have been described previously.18 Briefly, this data-
base was developed using the Manitoba Health (Gov-
ernment of Manitoba) administrative databases.
Manitoba Health provides comprehensive health care
coverage for residents of the province of Manitoba,
Canada (population of 1.14 million). Because Mani-
toba residents are not obliged to pay premiums for
health care coverage, nonparticipation in the plan is
rare. Manitoba Health maintains computerized data-
bases of physician services (from medical billings to
Manitoba Health) and hospitalizations for all persons
registered with the Manitoba Health system. Each
physician service record includes information regard-
ing the identity of the patient, the date of service,
services provided, and the diagnosis, which subse-
quently is coded to a three-digit International Classi-
fication of Diseases-9-Clinical Modification (ICD-9-
CM) code. After each hospitalization, a detailed
abstract is created that includes the identity of the
patient, dates of hospitalization, procedures per-
formed, and up to 16 diagnoses, which are coded
according to 5-digit ICD-9-CM codes. In addition,
Manitoba Health maintains a population registry that
contains demographic information and coverage data,
including dates of registration, emigration, and death.

By extracting physician service records and hos-
pitalizations for all Manitoba residents between 1984 –
1997, we created a population-based database of all
persons who had received a diagnosis of either CD
(ICD-9-CM code 555) or UC (ICD-9-CM code 556).
Based on a questionnaire survey and structured chart
reviews, we refined our case definitions such that only
persons with at least 5 separate physician contacts
and/or hospitalizations for an IBD diagnosis (" 3 con-
tacts for those residing in Manitoba for # 2 years)
were designated as having IBD. The sensitivity and
specificity of this IBD case definition were approxi-
mately 90% when compared with self-report or chart
review.18 By the end of 1997 (the final year of data
collection for the current study) there were 6027 sub-
jects with IBD in the database. This database includes
both incident and prevalent cases because it is as-
sumed that many of the cases who first appeared in
the Manitoba Health administrative database prior to
1987 possibly may have been prevalent cases, and
those that appeared for the first time after 1987 (with
3 prior years of no claims for IBD) more likely were
incident cases.

The non-IBD cohort was created by randomly se-
lecting 10 persons without IBD for each IBD subject
from the Manitoba Health population registry. Non-
IBD controls were matched with those with IBD based
on age, gender, and postal area of residence (at the
date of diagnosis of the index IBD case).

Cancer Care Manitoba (CCMB) maintains a regis-
try for all individuals diagnosed with cancer in Mani-
toba. Ascertainment of cancer cases is high because
not only is reporting of cancer mandated by law, but
multiple sources of ascertainment are used. These
include physician notifications, pathology and hema-
tology reports, hospitalization, mortality, and autopsy
records. We linked the IBD database and the non-IBD
cohort database with the CCMB cancer registry to
extract cancer diagnoses in each group.

We previously created longitudinal files for all our
subjects within the IBD database and identified those
who had concurrent diagnoses of primary sclerosing
cholangitis.19 Because primary sclerosing cholangitis
has been identified as a risk factor for colorectal car-
cinoma10 we determined how many of our cancer
patients had this concurrent diagnosis.

Incidence Rates and Rate Ratios
We used ICD-9-CM codes to identify specific cancers.
Only cancer diagnoses that occurred after the diagno-
sis of IBD or the diagnosis date of the IBD index case
(for the matched non-IBD cohort members) were in-
cluded in incidence rate calculations. Incidence rates
were calculated based on person-years of follow-up
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for 1984 –1997 and standardized to the age and gender
distribution of the combined IBD and non-IBD pop-
ulation using the direct method. Standardization was
performed to account for differences in the age and
gender distribution between CD and UC cohorts and
for some residual confounding due to differential per-
son-years of follow-up in the IBD and non-IBD co-
horts. Incidence rate ratios (IRR) and 95% confidence
intervals (95% CI) were calculated by comparing the
standardized incidence rates in the IBD population
with those of the matched population cohorts (version
6.0, STATA Corporation, TX).

The construction of the University of Manitoba
IBD database and its use in clinical studies were ap-
proved by the University of Manitoba Research Ethics
Board and by the Access and Confidentiality Commit-
tee of Manitoba Health.

Chart Review of Hematopoietic Cancer Cases
Once it was identified that there was an increased risk
of lymphoma among patients with IBD and CD in
particular, all CCMB charts were reviewed to deter-
mine whether subjects with lymphoma and IBD had
been receiving any form of immunomodulatory ther-
apy prior to the diagnosis of lymphoma.

RESULTS
Of the 6027 persons with IBD in the database, a full set
of matched controls was available for 5529 (92%).
There were 2857 CD cases with 21,340 person-years of
observation. For UC, there were 2672 cases with a total
of 19,665 person-years of observation. The mean age
at the beginning of follow-up was 36.3 years for CD
patients and 41.7 years for UC patients. The percent-
age of male cases was 41% for CD compared with 50%
for UC.

The overall cancer incidence rate among IBD pa-
tients was 690.2 per 100,000. Compared with the non-
IBD population, those with CD had a significantly
increased incidence of cancer (all sites) (IRR ! 1.29;
95% CI, 1.07–1.54). There was no significant difference
between the UC cases and the non-IBD population
(IRR ! 1.10; 95% CI, 0.93–1.30). The site specific inci-
dence rates are listed in Table 1.

Compared with the non-IBD population, there
was an increased incidence rate of colon carcinoma
for both CD patients (IRR ! 2.64; 95% CI, 1.69 – 4.12)
and UC patients (IRR ! 2.75; 95% CI, 1.91–3.97) (Table
2). The IRR for colon carcinoma was greatest among
IBD subjects age " 40 years and declined with advanc-
ing age (Table 3). The increased risk of colon carci-
noma among those with IBD was more prominent
among males (IRR ! 3.17; 95% CI, 2.18 – 4.62) com-
pared with females (IRR ! 2.16; 95% CI, 1.39 –3.36). Of

60 patients with colon carcinoma, only 3 had a con-
current diagnosis of primary sclerosing cholangitis.

An increased risk of rectal carcinoma was evident
only among patients with UC (IRR ! 1.90; 95% CI,
1.05–3.43) and there was an increased risk of carci-
noma of the small intestine only in CD patients (IRR
! 17.4; 95% CI, 4.16 –72.9). There were no diagnoses of
carcinoma of the small intestine identified in patients
with UC and no diagnoses of anal carcinoma were
identified in any IBD patient. Of 18 patients with rectal
carcinoma, only 2 had a concurrent diagnosis of pri-
mary sclerosing cholangitis.

With regard to extraintestinal tumors an increased
rate was observed only for liver and biliary tract ma-
lignancies in both CD patients (IRR ! 5.22; 95% CI,
0.96 –28.5, P ! 0.06) and UC patients (IRR ! 3.96; 95%
CI, 1.05–14.9), and for lymphoma among patients with
CD only (IRR ! 2.40; 95% CI, 1.17– 4.97). Of the five
patients with carcinoma of the liver or biliary tract,
two had concurrent diagnoses of primary sclerosing
cholangitis. In fact a significant increase in the rate of
lymphoma in CD patients was observed only among
males (IRR ! 3.63; 95% CI, 1.53– 8.62) and not among
females (IRR ! 1.09; 95% CI, 0.25– 4.67). Chart review
of all hematologic malignancies in IBD patients re-
vealed that no patient had received any immuno-
modulatory therapy other than corticosteroids (i.e.,
purine analogs or methotrexate) prior to the develop-
ment of their cancer.

The incidence rates of breast, prostate, and respi-
ratory carcinomas were not significantly different
compared with the general population. There were no
significant gender differences for any tumors other
than those of the colon and lymphoma.

DISCUSSION
The results of the current study have corroborated
previous findings regarding the increased risk of colon
carcinoma in both UC and CD patients in a North
American population. Strengths of these findings in-
clude the use of a population-based study and the use
of a matched non-IBD cohort. By matching based on
geographic location of residence, our methodology
likely reduced confounding that may be present due
to differences in socioeconomic status between those
with IBD and the general population.

The risk of colorectal carcinoma in UC patients is
estimated to be approximately 7–14% after 25 years of
disease.1–3 Actuarial data suggest that rates may be as
high as 30% when disease duration is # 35 years.4,7

The relative risk of colon carcinoma in UC patients
from Swedish population-based data was higher (5.7;
95% CI, 4.6 –7.0)7 than found in the current study. The
higher IRR noted in that study might reflect their

856 CANCER February 15, 2001 / Volume 91 / Number 4



longer follow-up period of approximately 50 years. It
also may be due to the lack of control for socioeco-
nomic status because both IBD and colorectal carci-
noma reportedly are more common in those with
higher socioeconomic status. Another population-
based Swedish study encompassing the years 1955–
1989 revealed a relative risk of 4.1 (95% CI, 2.7–5.8).9

The current study database covers 14 years and we
suspect that with more extended follow-up we will
find an increase in the number of cases of colon car-
cinoma in UC as patients have increased durations of
disease. Unfortunately, because we have at a maxi-
mum only 14 years of potential patient follow-up, we
cannot accurately comment on the impact of disease
duration on colorectal carcinoma risk. Because we are
relying on administrative data and not chart review we
also cannot analyze the data accurately by extent of
disease. However, the greatest IRR was evident for
patients with IBD who were age " 40 years. Thus,
those remaining in the cohort are “survivors,” which
may diminish somewhat a small source of bias regard-

ing the statistically significantly increased IRRs for
those patients age # 40 years. A population-based
study from Denmark encompassing 13 years (1977–
1989) found a risk ratio of 1.8 for colorectal carcinoma
in UC patients (95% CI, 1.3–2.4). In the current study
there was a similarly increased relative risk of colon
carcinoma (1.7) and rectal carcinoma (1.9).8

It recently has been suggested that patients with
primary sclerosing cholangitis have an increased risk
of developing colorectal carcinoma.10 Overall, only 5
of 78 IBD patients (6.4%) who subsequently developed
colorectal carcinoma also received a diagnosis of pri-
mary sclerosing cholangitis. With such small numbers,
it is difficult for us to assess whether the presence of
primary sclerosing cholangitis was associated with an
increased risk of colorectal carcinoma. However, even
if it was, it would not contribute much to the excess
risk among persons with IBD.

The Swedish group’s data regarding colon carci-
noma risk in CD patients for the years 1965–1983
revealed a standardized incidence ratio (SIR) of 2.5

TABLE 1
Site Specific Incidence (Per 100,000 Person-Years) of Cancer Among Persons with Inflammatory Bowel Disease in Manitoba, Canada, 1984 –1997

Cancer site

Crohn disease Ulcerative colitis Total IBD

Cases

Crude (adjusted)a

incidence per
100,000 pyrs Cases

Crude (adjusted)a

incidence per
100,000 pyrs Cases

Crude incidence
per 100,000 pyrs

Lip, tongue, other oral 1 4.7 (5.4) 4 20.3 (17.0) 5 12.2
Esophagus 1 4.7 (5.1) 2 10.2 (8.6) 3 7.3
Stomach 3 14.1 (14.3) 4 20.3 (17.8) 7 17.1
Small intestine 5 24.2 (24.9) 0 0.0 (0.0) 5 12.2
Colon 24 112.5 (134.4) 36 183.1 (161.1) 60 146.3
Rectum 5 23.4 (31.2) 13 66.1 (56.7) 18 43.9
Liver and biliary tract 2 9.4 (10.1) 3 15.3 (13.9) 5 12.2
Pancreas 0 0.0 (0.0) 3 13.0 (12.3) 3 7.3
Trachea, bronchus, lung 21 98.4 (124.9) 17 86.4 (73.9) 38 92.7
Bone 1 8.0 (7.2) 0 0.0 (0.0) 1 2.4
Melanoma 3 14.1 (16.4) 4 20.3 (16.7) 7 17.1
Breast (female) 18 142.2 (156.4) 16 166.9 (147.0) 34 152.8
Cervix 1 7.9 (9.4) 2 20.9 (17.7) 3 13.5
Uterus 2 15.8 (17.3) 1 10.4 (7.4) 3 13.5
Ovary 2 15.8 (17.7) 3 31.3 (29.4) 5 22.5
Prostate 7 80.6 (108.7) 19 188.5 (154.6) 26 138.6
Bladder 5 23.4 (27.2) 4 20.3 (16.5) 9 21.9
Kidney 3 14.1 (16.4) 3 15.3 (13.3) 6 14.6
Brain 1 4.7 (5.4) 0 0.0 (0.0) 1 2.4
Thyroid 2 9.4 (9.7) 0 0.0 (0.0) 2 4.9
Lymphoma 9 42.2 (47.2) 7 35.6 (29.8) 16 39.0
Hodgkin disease 0 0.0 (0.0) 0 0.0 (0.0) 0 0.0
Leukemia/multiple myeloma 3 14.1 (18.0) 4 20.3 (19.6) 7 17.1
Other and ill-defined 12 56.2 (61.3) 7 35.6 (30.1) 19 46.3

Total 131 613.9 (730.6) 152 772.9 (653.7) 283 690.2

IBD: inflammatory bowel disease; pyrs: person-years.
a Adjusted to the age distribution of the total inflammatory bowel disease population using the direct method.
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(95% CI, 1.3– 4.3), which is comparable to our result.14

The risk in their study was similar among males and
females. Patients with ileal disease alone did not have
an increased risk, such that assessing only patients
who had colonic disease yielded an SIR of 5.6 (95% CI,
2.1–12.2).14 There was increased risk for those diag-
nosed prior to age 30 years but no affect on risk based
on disease duration was noted. We were not able to
define disease site in our database. Curiously, data
from Sweden encompassing the years of diagnosis

from 1955–1984 did not reveal an increased risk of
colon carcinoma in CD patients.16

Others also have found an increased risk of colon
carcinoma for patients with CD.6,11,12 In 1 study the
risk was 4.3 (95% CI, 2.0 – 8.2), with a relative risk as
high as 23.8 among those patients with CD only.12 An
update of these data in the 1990s revealed a relative
risk of colon carcinoma in CD patients of 3.4, with a
prevailing increased risk in those who were diagnosed
prior to age 30 years.13 The highest reported risk for
developing colon carcinoma in CD appears to be in
patients whose disease is diagnosed prior to age 25
years and who have extensive CD (relative risk ! 57.2;
95% CI, 15.4 –146.3).13 This study also showed an in-
creased risk with increased years of disease duration.
Thus, patients with CD with increased years of at-risk
mucosa and increased extent of at-risk mucosa are at
increased risk for colon carcinoma. Having only ileal
disease, a previous substantial colonic resection, or a
relatively new diagnosis is likely to reduce the risk in
patients with CD.

Some studies refute the possibility that CD is
associated with an increased risk of colon carci-

TABLE 3
Incidence Rate Ratios by Age and Gender for Colon Carcinoma
Comparing a Cohort with IBD with a Non-IBD Cohort, Manitoba,
Canada, 1984 –1997

Age group (yrs)
Male IRR
(95% CI)

Female IRR
(95% CI)

All IRR
(95% CI)

Birth–39 17.3 (5.20–65.6) 7.64 (1.52–35.5) 12.4 (5.04–31.7)
40–59 3.37 (1.54–6.80) 1.62 (0.56–3.85) 2.44 (1.35–4.17)
60$ 2.12 (1.16–3.67) 2.05 (1.07–3.66) 2.09 (1.36–3.11)
Total 3.17 (2.18–4.62) 2.16 (1.39–3.36) 2.71 (2.04–3.59)

IBD: inflammatory bowel disease; 95% CI: 95% confidence interval.

TABLE 2
Site Specific Cancer Incidence Rate Ratios Comparing Cohorts with IBD with Non-IBD Cohorts Matched by
Age, Gender, and Postal Area of Residence, Manitoba, Canada, 1984 –1997

Cancer site
Crohn disease
IRR (95% CI)

Ulcerative colitis
IRR (95% CI)

Total IBD IRR
(95% CI)

Lip, tongue, other oral 0.34 (0.05–2.49) 1.06 (0.38–2.96) 0.74 (0.30–1.84)
Esophagus 1.53 (0.19–12.5) 1.40 (0.32–6.11) 1.44 (0.43–4.82)
Stomach 1.44 (0.43–4.80) 1.02 (0.36–2.84) 1.16 (0.53–2.54)
Small intestine 17.4 (4.16–72.9) Undefined 10.4 (3.02–36.1)
Colon 2.64 (1.69–4.12) 2.75 (1.91–3.97) 2.71 (2.04–3.59)
Rectum 1.08 (0.43–2.70) 1.90 (1.05–3.43) 1.56 (0.95–2.57)
Liver and biliary tract 5.22 (0.96–28.5) 3.96 (1.05–14.9) 4.38 (1.54–12.4)
Pancreas Undefined 0.87 (0.27–2.83) 0.51 (0.16–1.63)
Trachea, bronchus, lung 1.40 (0.89–2.21) 0.82 (0.50–1.34) 1.06 (0.76–1.48)
Bone 11.0 (0.69–177) Undefined 3.48 (0.36–33.5)
Melanoma 1.06 (0.32–3.50) 1.11 (0.40–3.13) 1.09 (0.50–2.38)
Breast (female) 0.97 (0.60–1.56) 0.91 (0.54–1.51) 0.94 (0.66–1.33)
Cervix 0.69 (0.09–5.26) 1.08 (0.25–4.62) 0.91 (0.28–2.97)
Uterus 0.50 (0.12–2.09) 0.24 (0.03–1.77) 0.37 (0.12–1.18)
Ovary 0.63 (0.15–2.64) 1.03 (0.31–3.38) 0.82 (0.33–2.05)
Prostate 0.65 (0.30–1.40) 0.97 (0.61–1.55) 0.86 (0.57–1.28)
Bladder 1.30 (0.51–3.30) 0.67 (0.24–1.85) 0.92 (0.47–1.82)
Kidney 1.02 (0.31–3.34) 0.80 (0.25–2.58) 0.89 (0.39–2.06)
Brain 0.78 (0.10–5.99) Undefined 0.43 (0.06–3.15)
Thyroid 2.85 (0.59–13.7) Undefined 1.34 (0.31–5.87)
Lymphoma 2.40 (1.17–4.97) 1.03 (0.47–2.24) 1.52 (0.90–2.57)
Hodgkin disease Undefined Undefined Undefined
Leukemia/multiple myeloma 0.79 (0.24–2.54) 1.02 (0.37–2.86) 0.91 (0.42–1.96)
Other and ill-defined 1.94 (1.05–3.58) 0.69 (0.32–1.49) 1.17 (0.73–1.88)

Total 1.29 (1.07–1.54) 1.10 (0.93–1.30) 1.18 (1.05–1.34)

IBD: inflammatory bowels; IRR: incidence rate ratios; 95% CI: 95% confidence interval.
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noma.16,20 –22 One study from Denmark included a
small number of patients with colonic CD and a mean
follow-up period of 5.5 years.20 This group revisited
this issue and still found a low risk of colon carcinoma
among CD patients, although their series had a high
number of patients who underwent surgical resec-
tions, which might have biased their result.21 When
patients with CD of # 10 years’ duration were ana-
lyzed, the relative risk for colon carcinoma was 4.8
(95% CI, 1.7–10.9) and was 8.3 for those patients with
CD for at least 10 years and no surgery within the first
10 years (95% CI, 3.2–17.3). Thus, even among this
reportedly negative study, when variables such as dis-
ease duration and possibly disease extent (based on
no surgery) are analyzed, the relative risk is elevated.
Two other negative studies either had a small number
of patients with a lengthy follow-up period22 or had a
large number of patients who previously underwent
large bowel resection.23

The similar rates of colon carcinoma in our
database among UC and CD patients might suggest
a similar tumor biology in both diseases. One study
has shown that colon carcinoma complicating UC
is quite similar clinicopathologically to that compli-
cating CD. Colon carcinoma complicating both dis-
eases was associated with long disease duration
(median of at least 15 years), multiple carcinomas
were apparent in 11–12% of cases, and there was
associated dysplasia in 73–79% of cases that oc-
curred in macroscopic areas of inflammation in 85–
100% of cases. Finally, colon carcinoma associated
with CD shared a 5-year survival rate similar to
colon carcinoma occurring in UC (46% vs. 50%).24

Others also have shown similarities clinically and
with regard to incidence for colon carcinoma occur-
ring in CD compared with that occurring in UC.25

It has been shown elsewhere that the risk of rectal
carcinoma in CD patients is not significantly different
from control populations.13,14 Although based on a
small number of cases, the increased relative risk of
adenocarcinoma of the small intestine in patients with
ileal CD typically has been reported to be very large
(range, 15.6 –114.5), mostly due to the rarity of these
lesions in the general population.6,13,16,22 Because we
are relying on administrative data and not chart re-
view we cannot analyze the data accurately by disease
location to determine whether all our cases of adeno-
carcinoma of the small intestine occurred in the set-
ting of ileal CD, as expected.

Hepatobiliary carcinoma previously has been re-
ported to be increased in UC.5,8 One Swedish popula-
tion-based study did not find an increased risk in
either UC or CD patients,15 whereas a later study
found an increased risk of 6.0 (95% CI, 2.8 –11.1) in UC

patients.9 Only two of five liver and/or biliary tumor
cases had a concurrent diagnosis of primary sclerosing
cholangitis. It might be assumed that all cholangiocar-
cinomas in IBD patients would arise in the setting of
primary sclerosing cholangitis, but this may not in-
variably be the case and some of these cases actually
may have been primary hepatocellular carcinoma. Be-
cause of our concern for any administrative data con-
fusion regarding distinct coding of liver and biliary
malignancies (or even a definite clinical distinction
between these entities) we grouped these entities to-
gether.

There have been several case studies linking IBD
with hematologic malignancies. Case series from re-
ferral centers have suggested an association between
CD and lymphoma and between UC and leukemia
and lymphoma.5,26 –30 One case series from Cleveland
reported an increase in leukemia among patients with
UC (SMR ! 5.3; 95% CI, 1.7–12.3), but no significant
increase in lymphoma.5 A case series from New York
reported an increase of leukemia in UC patients (rel-
ative risk ! 8.7; 95% CI, not stated) and an increased
risk of lymphoma in UC patients (relative risk ! 8.82)
and in CD patients (relative risk ! 4.69).28 This series
reported no patients with hematologic malignancies
who were receiving purine analog therapy. An up-
dated study by this group found nine cases of lym-
phoma in IBD patients followed until 1983.29 Of the
four cases that occurred in CD patients, all occurred in
males. Four of nine lymphoma cases had associated
colon carcinoma, a finding not evident in our popu-
lation. None of these patients received purine analog
therapy. A recent review of studies examining leuke-
mias and IBD suggested a significantly positive asso-
ciation.30 However, all 30 reviewed studies were re-
ported anecdotally and to our knowledge none of the
conclusions of this article were drawn from popula-
tion-based studies. None of the studies involved cases
in which purine analog therapy was used.

A population-based Danish study found no in-
creased risk of either leukemia or lymphoma in UC
patients.8 In one population-based study from Swe-
den, patients with CD or UC were found to have no
increased risk of leukemia or lymphoma.15 This later
was corroborated in a report on CD alone.16 Another
population-based Swedish study found no increased
risk of developing leukemia or lymphoma in patients
with UC.9 The current study was performed in a North
American population, among patients of a more re-
cent era. The era of the cases may be significant be-
cause there has been a trend toward increasing rates
of lymphoma overall in the North American popula-
tion.31 To our knowledge, our data represent the first
population-based data to substantiate an increased
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risk of developing hematologic malignancies among
patients with IBD. However, we have found this to be
the case only for lymphoma among males with CD. It
is possible that this may be a finding specific to pa-
tients in our geographic area.

To our knowledge, the reason why individuals
with CD are at increased risk for lymphoma is un-
known. It is unlikely to occur secondary to chronic
inflammation as might be postulated for colon carci-
noma in the setting of IBD because to our knowledge
intestinal lymphomas arising in CD are rare.32 Non-
Hodgkin lymphoma has been associated with immune
deficiency states such as after transplantation,33,34 but
to our knowledge a direct effect of purine analogs has
not been determined.34 Another chronic inflammatory
disease, rheumatoid arthritis, also has been associated
with an increased risk of lymphoma.35

Once we discovered an increased risk of lympho-
mas among males with CD, we attempted to deter-
mine whether these cases were related to the use of
immune modulating therapy by reviewing the charts
of these patients. We found that no patients had re-
ceived immune modulating therapy other than corti-
costeroids prior to the onset of their malignancies.
Immune modulating therapy may contribute to an
increased risk of hematologic malignancies in any pa-
tient with an immunocompromised state and this also
might be true in CD patients treated with these drugs.
Several series have reported leukemia and lymphoma
development in the absence of immune modulating
therapy.29,30,36 Patients treated with purine analogs for
IBD have been found not to be at increased risk of
developing extraintestinal malignancies including
lymphoma if the drug was used for " 5 years.37 How-
ever, although based on small numbers, there was a
suggestion of increased risk among patients who used
purine analogs for # 5 years. In reports of long-term
use of purine analog therapy and its associated toxic-
ity, two patients were identified as having developed
cerebral lymphomas.38,39 In a recent review of a large
series of patients with IBD using 6-mercaptopurine,
some cases of cancer, including lymphoma, were re-
ported.40 Elsewhere, two recent case reports of lym-
phoma41 and leukemia42 in patients treated with long-
term purine analog therapy continue to raise fears
among patients and some clinicians regarding the pre-
scription of these drugs. These anecdotal reports un-
derscore the need for population-based data.

We recently reported that 7.8% of the Manitoba
IBD population in 1997 were receiving immunomodu-
latory therapy (including 6-mercaptopurine, azathio-
prine, methotrexate, or cyclosporine).43 Thus only a
small percentage of our patients use these agents (and
likely an even smaller percentage through the earlier

years of the study), suggesting that they are unlikely to
be important as risk factors for the development of
malignancy. Furthermore, our chart review in the lym-
phoma cases identified confirmed that none of these
patients was receiving any immunomodulatory ther-
apy. However, it remains possible that in populations
with a much higher use of immunomodulatory ther-
apy, an increased incidence of cancer in relation to
immunomodulatory therapy may occur.

Recently, novel immune modifier therapies for
CD have emerged. One in particular is antibody to
TNF-!.17 A major concern regarding this drug is
whether it would lead to the development of malig-
nancy, particularly lymphoma.17 Thousands of Amer-
icans were prescribed TNF-! in its first year on the
market. Any concerns regarding the development of
lymphoma among patients with CD who are receiving
this drug also must be viewed with the knowledge that
these patients now have been proven to be at in-
creased risk for this complication in the absence of
any immune modulating therapy.

Myelodysplastic syndromes also have been asso-
ciated anecdotally with CD,44 – 46 but we did not find
any statistically significant association.

Some studies have found IBD patients to be at a
significantly increased risk of other tumors relative to
control populations. For CD, these include squamous
skin cancers15 and bladder tumors.16 In patients with
UC there have been reports of an increased risk of
connective tissue malignancies and brain tumors,15

nonmelanoma skin cancers,8 squamous skin malig-
nancies,9 and bone and endometrial carcinomas.5 To
our knowledge there are no readily apparent explana-
tions for these types of associations with IBD. For
some extraintestinal tumors, such as hepatobiliary
carcinoma, there may be an underlying chronic in-
flammatory process such as primary sclerosing
cholangitis,9,10 but for other malignancies, such as
skin cancer, the higher risk may reflect increased di-
agnoses resulting from more medical attention. An
increase in respiratory tumors in CD patients and a
significant decrease in UC patients reported in a small
Italian study may reflect the smoking habits of the
individual disease populations.20 The current study
did not show any statistically significant association
between CD or UC and any of these cancers.

The results of the current study report similar
increased risks for developing colon carcinoma and
hepatobiliary carcinoma among patients with CD and
UC, an increased risk of developing rectal carcinoma
among patients with UC and an increased risk of
developing lymphoma among males with CD. It pre-
viously has been widely reported that there is an in-
creased risk of developing colorectal and biliary car-
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cinomas in patients with IBD although the findings of
the current study with regard to lymphoma are some-
what novel. Although it might be argued that the in-
creased risk of lymphoma among males with CD may
be due to chance (in view of multiple comparisons), it
should be pointed out that none of the 20 other can-
cers studied were found to be increased in IBD pa-
tients, all of which had less plausible connections for
increased risk in IBD than lymphoma. The strength of
the current study is that it is population-based and the
control group was an age-matched, gender-matched,
and geographically matched cohort. Population-based
data are required to substantiate possibilities put for-
ward in case reports or in case series from specialized
centers.
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