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Abstract

The inflammatory bowel diseases (IBD), Crohn’s dis-
ease (CD) and ulcerative colitis (UC), may be complicat-
ed by colorectal cancer (CRC). In a recent population-
based cohort study of 47 347 Danish patients with IBD
by Tine Jess and colleagues 268 patients with UC and
70 patients with CD developed CRC during 30 years of
observation. The overall risk of CRC among patients
with UC and CD was comparable with that of the gen-
eral population. However, patients diagnosed with UC
during childhood or as adolescents, patients with long
duration of disease and those with concomitant pri-
mary sclerosing cholangitis were at increased risk. In
this commentary, we discuss the mechanisms underly-
ing carcinogenesis in IBD and current investigations of
genetic susceptibility in IBD patients. Further advances
will depend on the cooperative work by epidemiologist
and molecular geneticists in order to identify genetic
polymorphisms involved in IBD-associated CRC. The
ultimate goal is to incorporate genotypes and clinical
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parameters into a predictive model that will refine the
prediction of risk for CRC in colonic IBD. The challenge
will be to translate these new findings into clinical prac-
tice and to determine appropriate preventive strategies
in order to avoid CRC in IBD patients. The achieved
knowledge may also be relevant for other inflamma-
tion-associated cancers.
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INVITED COMMENTARY ON HOT
ARTICLES

Incidence of colorectal cancer in inflammatory bowel
diseases

The inflammatory bowel diseases (IBD), Crohn’s disease
(CD) and ulcerative colitis (UC), may be complicated
by colorectal cancer (CRC). In a new population-based
cohort study encompassing 47 347 Danish patients with
IBD, 268 patients with UC and 70 patients with CD de-
veloped CRC during 30 years of observation". The au-
thors concluded that the overall risk of CRC among pa-
tients with UC was comparable with that of the general
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population [relative risk (RR), 1.07; 95% confidence inter-
val (CI): 0.95-1.21]. The observed risk estimate persisted
even after exclusion of patients with hemorrhagic proc-
titis (RR, 1.04; 95% CI: 0.91-1.18). When adjusted for
age at diagnosis and duration of UC, a decreased risk of
CRC among UC patients diagnosed in 1999-2008 was ob-
served compared to UC patients diagnosed in 1989-1998
(RR, 0.59; 95% CI: 0.39-0.90). However, patients diag-
nosed with UC during childhood ot adolescents (age 0-19
years; RR, 43.8; 95% CI: 27.2-70.7, age 20-39 years; RR,
2.65; 95% CI: 1.97-3.56) may be at increased risk as well
as those with long duration of disease. Thirteen years
after diagnosis, the CRC risk was significantly increased
over background, and with longer follow-up the risk re-
mained 50% above the risk in non-IBD individuals. The
risk of CRC in patients with CD was similar to that of
the non-IBD population. RR for CRC was 0.85 (95% CI:
0.67-1.07) among patients with CD and 0.80 (95% CI:
0.43-1.49) among patients with colonic CD.

Risk of CRC in IBD has been assessed previously in
a Swedish population-based study”. In agreement with
the present study there was a trend towards lowered
risk with shorter observation periodm. During 198 227
person-years follow-up for 7607 IBD cases, 188 cases of
CRC were observed from 1954 to 2004%. After adjusting
for sex, age, duration of disease, type and extent of IBD,
the authors found a decline in relative risk from a 5-fold
increased risk in the 1960s to a doubled risk of CRC
in the time-petiod 2000-2004 (P for trend 0.006). The
overall risk of CRC among the patients with IBD, UC
and CD colitis was found to be increased compared with
the general population (standardized incidence ratio 2.3;
95% CI: 2.0-2.6, 2.7; 95% CI: 2.3-3.2, and 2.1; 95% CI:
1.2-3.4, respectively). The CRC risk among patients with
colonic CD has also been estimated in hospital-based or
community-based case-control studies”” and the overall
relative risk estimate over the past 30 years was found to
be 4.5 (range: 1.3-14.9) in a meta-analysis, with declin-
ing risk estimate over the past 30 years”. On the other
hand, a recent study by Herrington ez al® which was also
published in Gastroenterology assessed time changes in
risk of CRC within the Kaiser Permanente Medical Care
Program, a community-based health care delivery system,
from 1998 to 2010. The authors identified 29 and 53
CRC cases among CD and UC patients, respectively, cor-
responding to an incidence of CRC in patients with IBD
which was 60% higher than in the general population.
Furthermore, the incidence was found to be essentially
constant over time. The study design may have some
drawbacks such as missing detailed data on the study pat-
ticipants, selection bias, and too short observation period
to detect the impact of optimizing IBD management on
CRC risks which were discussed in the Editorials'”.

There is general agreement that patients with UC
diagnosed at a young age, with primary sclerosing cholan-
gitis, and with long disease duration are at increased risk
of CRC™". Most cancers arise in extensive colitis and
pancolitis and there is little or no increased risk associated
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with proctitis while left sided colitis is associated with an
intermediate cancer risk!*'?. The Danish study found no
risk associated with having UC even after excluding cases
with proctitis compared to the general population'".

According to the British Society of Gastroenterol-
ogy (BSG) “It is now widely accepted that patients with
ulcerative colitis have a similar risk to those with Crohn’s
colitis for a similar extent and duration of colonic in-
volvement”™"”. The Danish population-based study cov-
ered 30 years follow-up of all UC and CD patients and
is by far the largest study to date on IBD and CRC risk!".
This study found no risk of CRC among patients with
colonic CD compared to the general population which
the authors speculated could be due to the medical treat-
ment and follow-up leading to control of the intestinal
inflammation'".

Surveillance colonoscopy is considered to be the gold
standard in diagnosing early dysplastic alterations. The
recent years new and emerging endoscopic imaging tech-
niques have improved neoplasia detection rate!"”. The
existing recommendation is, however, based on evidence
level IV: Evidence obtained from expert committee re-
ports, opinions or clinical experiences of respected au-
thorities"”. The study by Jess and colleges constitutes a
basis for future evidence-based guidelines.

Understanding the mechanism(s) of CRC in IBD

The relationship between inflaimmation and cancer has
been well established in the gastro-intestinal system.
Colitis-associated cancer has been investigated in mouse
models"”"". These studies have highlighted the role of
toll-like receptors (TLR) and tumour necrosis factor-o
(INF-o) in the activation of nuclear factor kB (NFkB),
which induces transcription of genes involved in tum-
origenesis, including COX-2"" Defect signalling via
P53 may be an early event in the progression of colitis-
induced dysplasia to cancer'”. Without p53-induced
apoptosis, aberrant cells are not eliminated and cancer
may ensue'"”. Probiotic bactetia may prevent carcinogen-
esis in mouse models of cancer by producing conjugated
linoleic acid which activates PPARY, inhibits COX-2 and

. - [19,20
induces apoptosis'' >,

Current strategies to identify genetic predictors of CRC
in IBD

It is increasingly recognized that CRC consists of many
entities having similar phenotypic appearance. This het-
erogeneity may at least in part be due to differences in
genetic susceptibility which may act in combination with
various environmental factors such as diet and intestinal
microbes. Patients with IBD and CRC constitute 1%-2%
of all cases of CRC?". As a group, patients with IBD-
associated CRC are characterized by intestinal inflam-
mation and may thus represent a model with a relatively
homogeneous mechanism for developing CRC. Indeed,
distinct characteristics have been found for IBD-associ-
ated CRC. For example, a Norwegian study found that
cancer was more often widespread than localized at diag-
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nosis, age at diagnosis of CRC was lower, and prognosis
poorer in IBD-associated CRC compared to CRC in the
background population[zz]. Thus, ”IBD-associated cancer
serves as an excellent model of inflammation-associated
cancer and might provide many important clues to
understanding the pathogenesis of sporadic colorectal
cancer”™. On the other hand, a Swedish population-
based study of more than 30 000 IBD cases identified
560 CRCs cases among first-degree relatives, giving no
increased risk of CRC among first-degree relatives™.
The authors concluded that the study did not suggest a
common cause of IBD and CRC in general and the risk
of CRC in IBD seemed to be the result of the disease
rather than genetic predispositionm].

The International IBD Genetics Consortium is a net-
work of researchers working on the genetics of IBD™.
This group has initiated a case-control study to determine
if genetic polymorphisms associated with IBD and other
immune disorders related to IBD are more prevalent in
patients with colonic IBD and CRC/dysplasia than in
patients with colonic IBD alone. For each case with IBD-
associated CRC/dysplasia, two IBD non-cancer cases
from the same centre will be included. Analyses are cat-
ried out using the Immunochip, an Illumina Infinium
genotyping chip containing 196 524 polymorphisms (718
small insertion deletions, 195 806 SNPs). The Immuno-
chip was initiated by the Wellcome Trust Case-Control
Consortium and designed to perform deep replication of
major autoimmune and inflammatory pathwaysp(ﬂ. Phe-
notypic information includes age at IBD and CRC/dys-
plasia diagnosis, gender, disease location, family history
of CRC/dysplasia, medication, history of hospitaliza-
tions, and smoking habits.

Another approach may be based on utilizing existing
pathological samples. For example, in Denmark, individ-
ual-based registration-systems have been developed along
with the introduction of information technology and
since 1978 nation-wide reporting of clinical diagnosis has
been implementedm. Due to the introduction of DNA
changes (e.g,, mutations and polyploidy) during carcino-
genesis, pathological samples with signs of CRC should
be avoided. Samples with signs of IBD which precede
CRC development, may be used for DNA extraction and
assessment of genetic polymorphisms” !, Furthermore,
data may be linked to other registers such as Danish
National Patient Register and The Danish Prescription
Database for further investigationsm. The validity of the
diagnoses of IBD and CRC, respectively, in the Danish
National Patient Register are more than 90%"*. There-
by, candidate gene analyses of genetic polymorphisms
in inflammatory pathways and associations found by
genome-wide association studies may be performed and
sought replicated.

Future research directions to predict the risk for CRC in
IBD

A major challenge is now to identify the patients who
would benefit from preventive strategies. Large and well-
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designed cohorts, such as population-based cohorts, with
prospectively recorded data are required for the assess-
ment of patients at risk. Provided that genetic suscepti-
bility contributes to the risk of CRC in IBD, investigating
genetic susceptibility in IBD patients may be particularly
rewarding due to the expected relatively homogeneous
biological mechanism(s) of action in this group. This
may imply that associations may be identified in relatively
small groups of well-characterized patients. The further
advance will depend on the cooperative work of e.g., epi-
demiologists and molecular geneticists. The ultimate goal
is to incorporate genotypes and clinical parameters into
a predictive model that will refine the risk for CRC in
colonic IBD. The challenge will be to translate these new
findings into clinical practice and to determine appropzi-
ate preventive strategies in order to avoid CRC in IBD
patients.
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