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1. Introduction

We conducted a detailed literature review on epidemiology,
risk factors, pathophysiology, chemoprevention and outcomes
of colorectal cancer (CRC) in inflammatory bowel disease (IBD)
as part of the 3rd ECCO scientific pathogenesis workshop. The
results of a literature search are presented here.

2. Epidemiology of colorectal cancer in IBD
2.1. Methodological considerations

IBD is associated with an increased risk of CRC, which is
thought to be primarily related to long-standing chronic

inflammation.’ However, the magnitude of the risk has been
difficult to estimate, as many factors may bias study results?
including patient selection, number of patients, completeness
of case recruitment and ascertainment and duration of
follow-up. 23

Early studies from tertiary referral centres reported a high
risk of CRC, but as more severe cases were included, they
tended to overestimate the risk. In contrast, population-based
studies covering defined geographical areas report a more
conservative risk. However, these studies probably included
patients with limited and less severe disease, and may have
underestimated the risk. In addition, geographical differences
have been described, with an increased incidence of IBD-
related CRC reported in the USA and in the UK compared with
Scandinavia.* Similarly, the 10-year follow-up of the European
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Collaborative IBD inception cohort showed that Northern
European centres had higher rates of IBD-related CRC than
Southern centres (prevalence 0.9% vs. 0.25%, respectively; p =
0.17),3 although this North-South gradient was not apparent at
15 year follow-up.® Similarly, studies from Asian countries
have shown important differences between countries.” "0

2.2. Epidemiology of colorectal cancer in
ulcerative colitis

In 2001, a meta-analysis of cohort and case-controlled studies*
on the risk of CRC in UC estimated an incidence rate of 3/1000
person years disease duration (PYD), an annual risk of 0.3%
and a cumulative risk of 18.4% after 30 years of disease. The
incidence rate progressively increased each decade from
2/1000 PYD to 7/1000 for the second and 12/1000 for the third
decade.

More recent population-based studies and meta-analyses
have shown that the risk is lower than previously described or
even similar to that of the general population.*''-22 (Table 1).
This could be explained by methodological aspects (hospital-
based vs. population-based studies), by a true decrease in risk
due to better disease control, higher colectomy rates, use of
drugs with chemoprotective effects or more widespread
endoscopic surveillance in high-risk patients.?

Castafo-Milla et al.?" reported an overall incidence rate of
1.67/1000 PYD and incidence rates per decade were estimat-
ed at 1.01/1000, 3.75/1000 and 5.85/1000 PYD for the first,
second and third decades, respectively. In a meta-analysis of
prospective population-based studies, Jess et al., % found that
an average of 1.6% of patients with UC were diagnosed with
CRC during the first 14 year follow-up, and the estimated
standardised incidence ratio (SIR) was 2.39 (2.1-2.7).

Recent time-trend studies also demonstrate a decreasing
risk of CRC in UC patients. Jess et al. ' found that the relative
risk (RR) decreased from 1.34 between 1979 and 1988 to 0.57
between 1999 and 2008. In a meta-analysis by Castano-Milla
et al.,?" the incidence rate was found to decrease from 4.29/
1000 PYD in studies published in the 1950s to 1.09/1000 PYD in
the studies published between 2000 and 2011.

2.3. Epidemiology of colorectal cancer in
Crohn's disease

The role of Crohn's disease (CD) as a risk factor of CRC is
controversial and, compared with UC, the risk is modest. In a
meta-analysis of population-based studies in CD, Jess et al.?3
estimated a pooled SIR for CRC of 1.9 (1.4-2.5). Canavan et
al.?* found a RR of 2.5 (1.3-4.7) among all CD patients, with
a higher risk for CD-colitis (RR 4.5 (1.3-14.9)); this study
estimated a cumulative risk of 2.9% at 10 years, 5.6% at
20 years and 8.3% at 30 years. A similar risk (RR 2.44 (1.56—
3.82)) was reported in a meta-analysis by von Roon et al.?>
Laukoetter et al.2° reported an incidence of 0.5/1000 PYD, a
2- to 3-fold increase over the incidence of CRC in an
age-matched background population.

Friedman et al. found dysplasia (low or high grade) or CRC
in 18.5% of patients, and after a negative screening colonos-
copy the probability of developing HGD or CRC was 7% by the
10th surveillance examination.?” Basseri et al. detected LGD,
HGD or CRC in 5.6% of patients, 28 but in this cohort the number
of patients with extensive colitis was lower than in Friedman'’s
(55% vs. 90%).

2.4. Colorectal cancer in indeterminate colitis

Only one study evaluating the epidemiology of CRC in
indeterminate colitis (IC) was identified.?® Stewenius et al.,
in 1995, followed an inception cohort of 471 UC patients and
100 IC patients for a mean of 14.8 years. Three of 100 patients
with IC developed CRC, an incidence of 2.4/1000 PYD (SIR 8.6,
95% Cl 1.8-25.1), compared with an incidence of 1.4/
1000 PYD in patients with UC.

3. Risk factors for CRC in patients with IBD

Reported risk factors for CRC include extensive disease,*3°
young age at diagnosis,*3' family history of CRC, 32 co-existing
primary sclerosing cholangitis (PSC)3® and persistent inflam-
mation of the colon. 3436

Table 1  CRC risk in UC patients. Population-based studies.
Annual incidence Cumulative incidence Risk (95% Cl)
Palli 0.12% 1.79 (0.85-3.28)
Bernstein'? Colon 0.16% Colon, RR 2.75 (1.91-3.97)
Rectum 0.06% Rectum, RR 1.90 (1.05-3.43)
Winther? 0.06% 2.1% at 30 years SIR 1.05 (0.56-1.79)
Jess™ 0.10% 2% at 25 years SIR 1.1 (0.4-2.4)
Lakatos' 0.15% 7.5% at 30 years SIR 1.74 (1.01-3.0)
Jess™® SIR 3.1 (0.1-17)~
Soderlund"’ 3.5% at 30 years ™ SIR 2.7 (2.3-3.2)
Jess™? 0.051% RR 1.07 (0.95-1.21)

RR: Relative risk. SIR: Standardised incidence ratio.
* Danish EC-IBD Cohort.
** Estimated from Kaplan—Meier curve.
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3.1. Duration and extent

A meta-analysis by Eaden® shows that in UC patients the risk of
CRC becomes appreciable after 10 years, and it is assumed
that risk increases with disease duration. Guidelines recom-
mend that CRC screening be started 6—10 years after onset of
symptoms in extensive colitis.3”3° However, CRC may
develop earlier, with some patients diagnosed simultaneously
with CRC and IBD, and about 9—15% presenting with CRC with
a disease duration of <6 years.“® However, data from the St
Mark's Hospital London surveillance cohort report that
the incidence of CRC remained constant or decreased with
increasing disease duration.*' In a Swedish cohort of 7607
IBD patients followed from 1960 to 2004, the incidence
of CRC (adjusted for the type and extent of IBD, sex, age
and time since diagnosis) did not show any statistically
significant trend over successive calendar periods of
follow-up. "’

The risk of CRC has been found to be higher in extensive
UC than in left-sided UC, while in proctitis it is similar to
that of the general population,3° and this has been confirmed
in a recent meta-analysis.?> However, Soderlund et al.,"”
analysing an original Scandinavian cohort, *° found that the RR
of cancer in patients with proctitis was 1.7 (95% Cl, 1.2-2.4)
compared with that of the general population. Some authors
suggested a possible proximal extension of the disease in
patients with an initial rectal involvement.“? In Crohn's colitis,
the risk of CRC is similar to that of UC if the extension and
duration are comparable. 4346

3.2. Age of onset

In the original meta-analysis by Eaden et al., young age at
onset of IBD showed a trend towards a slightly increased
risk of CRC, and the incidence rate of CRC in UC diagnosed
in childhood was higher than the incidence in adults*; this
has been confirmed in a more recent meta-analysis.?? In
CD, young age has also been associated with an increased
risk of CRC.3' However, this has not been confirmed in
other studies, with some even suggesting that CRC may
develop earlier in patients diagnosed with IBD at older
ages. 4749

3.3. Primary sclerosing cholangitis

PSC is a recognized risk factor for CRC in patients with
colitis, with a 4-fold increase in risk compared with UC
patients without PSC.'>1%:33 Dysplasia or CRC have also
been found to appear soon after the diagnosis of both
diseases in some patients (21.5 per 100 patients-years of
follow-up during the first two years).>° Moreover, current
evidence emphasizes that the risk of CRC remains after liver
transplantation. >'-52

PSC can also be associated with Crohn's colitis or IC, and it
may also carry an increased risk of CRC, especially if colitis is
extensive.”® Two retrospective case—control studies have
reported conflicting results, with a Swedish study reporting
an increased risk of CRC in CD—PSC (odds ratio [OR] 6.78, 95%
Cl 1.65-27.9),* and a British study reporting no increase in
risk (OR 1.64, 95% C1 0.14-18.7).5>

3.4. Other risk factors

Soderlund et al.,>® in the previously described cohort, found
that males had a 60% higher risk of CRC (RR 1.6, 1.2-2.2), and
a greater cumulative incidence after 40 years of disease (8.3%
vs. 3.5%); the effect of gender was limited to patients with
more than 10 years' of follow-up and in those aged
<45 years at diagnosis. No differences have been found in
CRC incidence between Caucasian and African-American IBD
patients.>’

4. The pathophysiology of
colitis-associated cancer

4.1. Regulatory signals in colitis-associated
cancer (CAC)

Numerous positive and negative regulators have been
implicated in the development of CRC (see Table 2).

4.1.1. Toll-like receptors (TLRs)

A deficiency in the TLR adaptor, MyD88, has been found to
significantly reduce tumour number and size in the Apcmin/+
mouse model of intestinal tumorigenesis®®>° and the absence
of bacteria in mouse models of inflammation-associated
cancer has been shown to prevent dysplasia or cancer.®°

4.1.2. Cytokines

4.1.2.1. Tumour necrosis factor-o.. The absence of tumour
necrosis factor-a (TNFa) signalling in mice has been found to
be associated with decreases in mucosal damage, inflamma-
tory cell infiltrates, and cytokine expression, in response to
azoxymethane (AOM) challenge and dextran sodium sulphate
(DSS), as well as a significant reduction in tumour formation. ¢’

4.1.2.2. Interleukin-6. High levels of interleukin-6 (IL-6) and
a soluble IL-6 receptor in IBD patients promote the accumula-
tion of T cells in the lamina propria of the colon by upregulating
anti-apoptotic factors.®>% Moreover, increased IL-6 levels
have been observed in the serum of cancer patients and in
tumour biopsies.®* Finally, expression of IL-6 and STAT3 has
been shown to be greater in active UC and after progression to
colitis-associated cancer (CAC) than in controls or inactive
disease. %

4.1.2.3. Interleukin-21. Interleukin-21 (IL-21) was recently
found to be elevated in the gut of patients with CAC, and in
mice with CAC induced by AOM and DSS. % IL-21-deficient mice
also developed fewer and smaller tumours than wild-type
mice. ¢’

4.1.3. Chemokines

The atypical chemokine receptor D6 selectively recognizes
and efficiently depletes most inflammatory CC chemokines
from the extracellular milieu.®® Furthermore, expression of
D6 is increased in the lymphatic vascular bed of colonic
sections with IBD-associated colon cancer.°

TNFa induces the expression of chemokines from a
variety of colonic cells.”® Indeed, the mucosa of IBD patients
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Table 2 Regulatory signals in colitis-associated cancer.
Effect Example Reference
Positive regulators
Toll like receptors Promote carcinogenesis MyD88 deficiency reduces tumour 860
number and size in the APC™"
mice
Procarcinogenic cytokines ~ Promote carcinogenesis Tumour necrosis factor IL6 Gl
Chemokines Promote carcinogenesis Atypical chemokine receptor D6~ ©8:¢°
Direct neoplasia suppression-decreased COX-2,  CCL2 222
attenuated neovascularization
Negative regulators
IL-10 Prevent IBD related colonic neoplasia, through 3
direct inflammation suppression and through IL-6
Transforming growth Neoplasia inhibition directly and through Transforming growth factor-p 7475
factor-p (TGFp) family inflammation suppression (TGFR) family, SMAD-7
Toll-IL-1R8 Inhibits IL-1 and TLR complexes signals, lack of U
NF-«B activation
Nuclear factor-«B (NF-kB)  Promotes cell proliferation and survival. R
Molecular pathways
Chromosomal instability Prominent neoplastic pathway in IBD-related P53 mutations—common,DPC4 and 8%:9%:%3
(CIN) pathway neoplasia, cause unclear KRAS—less common
Microsatellite instability Variable frequency, found in inflamed, MLH1-promoter methylation, 94-99
pathway non-neoplastic mucosa TGFBR2 and ACVR2 mutation—
lower than in sporadic CRC
95,100-102

Methylation pathway
(CpG island methylation)
Serrated neoplasia pathway

Field effect

Questionable role in IBD related neoplasia

Present in some IBD-related neoplasia including
inflammatory mucosa—contribution unclear
Multifocal risk for neoplastic transformation as a Markers: aneuploidy, p53

p16 INK4 and p14 ARF
methylation.
V600E BRAF mutation, serrated "%

lesions in histology
89,104,106,107

result of chronic inflammation and dysbiosis that mutations,CpG island

affects mutation pressure

hypermethylation

has been shown to have enhanced mRNA and protein
expression of MCP-1/CCL2,7" a CC chemokine with potent
chemotactic and activating activities for monocytes/macro-
phages. CCL2 mRNA expression has been shown to be
enhanced in the colon of the AOM-challenged mouse
model, and blocking the TNFa/TNFR axis reduced colorectal
carcinogenesis, intracolonic macrophage infiltration, and
CCL2 mRNA expression.”?

4.1.4. Negative regulators

4.1.4.1. Interleukin-10.  The demonstration that interleukin-
10 (IL-10) suppresses IL-6 and controls CAC development in a
model of microbial CRC indicates that the control of CAC
development by IL-10 may be at least partially mediated
through IL-6. Moreover, it was recently demonstrated that
patients with IL-10 receptor mutations that abrogate IL-10
signalling develop early and aggressive disease.”?

4.1.4.2. Transforming growth factor-f.  Transforming growth
factor-p (TGFp) receptor-deficient transgenic mice were
found to develop significantly more tumours than wild-type
mice, while the opposite occurred in TGFp transgenic mice.”*
Additionally, mechanistic studies showed that TGFp inhibited
IL-6-dependent tumour formation, reinforcing the concept

that immunoregulatory molecules such as IL-10 and TGFp
have a protective effect on intestinal inflammation and in CAC
formation.”* Supporting these data, mice transgenic for the
TGFp inhibitor smad7 with over-expression specifically on T
cells, developed more severe colitis in response to AOM/DSS
challenge, but only a few small tumors.”>

4.1.4.3. Toll-IL-1R8. A recently identified orphan member
of the IL-1 receptor family, Toll-IL-1R8 (TIR8), inhibits
signalling from IL-1R/TLR complexes,’®”” and gene transfer
experiments have revealed that it reduces the activation of
NF-xB by the IL-1R complex’” and by members of the TLR
family.”® Moreover, TIR8-deficient mice administered DSS
show dramatic weight loss, intestinal bleeding and increased
mortality, while susceptibility to CAC in the AOM challenge
model was increased.”®

4.1.4.4. Nuclear factor-xkB.  Activation of nuclear factor-xB
(NF-xB) plays a key role in inflammation and cell proliferation
and survival.”® Regulation of NF-kB involves sequestration of
NF-kB in the cytoplasm by the inhibitor IkB, which is regulated
through phosphorylation by the IkB kinase (IKKB) complex,
targeting it for ubiquitin-dependent degradation.8°

Greten et al.®' demonstrated that IKKp links inflammation
and tumorigenesis in a mouse model of CAC in which IKKp was
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deleted either in intestinal epithelial cells or in myeloid cells.
NF-xB has also been shown to induce vascular endothelial
growth factor and COX-2, which promote angiogenesis.® In
addition, a subgroup of NLR proteins, including NLRP12,
inhibits transcription factor NF-xB, and it was recently
reported that NLRP12 (—/-) mice were highly susceptible to
colitis and CAC, suggesting that NLRP12 is a checkpoint of
noncanonical NF-xB, inflammation and tumorigenesis. 8283

4.1.4.5. Intestinal microbiota. Recent studies point to
alterations in the luminal microbiota in patients with IBD.
Adherent-invasive Escherichia coli is associated both with IBD
and CRC.3485 A more recent approach demonstrated microbial
changes in tumour-developing IL-10~/~ mice with the preva-
lence of E. coli.®® Deletion of the bacterial polyketide
synthase (pks) genotoxic island from E. coli NC101 reduces
the development of dysplasia and cancer, independent of
inflammation.

4.2. Molecular pathways of CAC

CRC has been considered to develop through well defined
pathways, including chromosomal instability (CIN), microsat-
ellite instability (MSI) and, most recently, the CIMP pathway. &’
There have been previous attempts to distinguish IBD related to
sporadic colonic neoplasia® with some success. A few studies
looked at different markers and genes related to CIN, such as
aneuploidy, loss of heterozygosity (LOH) and genomic gains or
losses of various genes®’-°! but observations are not consistent.

Notably, p53 mutations occur earlier in IBD-related
neoplasia, probably a key initiating event,’? than APC
mutations, which occur later than commonly observed in
sporadic colorectal neoplasia.®>®* Allelic deletions of p53
were observed in approximately 50% to 85% of colitis-
associated tumours.®> p53 LOH has been shown to correlate
with malignant potential in the colon. Mutations in some other
commonly mutated CIN pathway genes of sporadic CRC such as
DPC4 and KRAS were uncommon in CAC.%¢ The CIN pathway
can contribute to up to 85% of CAC, while the role of the MSI
pathway is less clear. However, MSI has been found in up to
45% of cases.”°° MSI has been demonstrated in histologically
normal colonic mucosa of patients with UC, perhaps as a risk
indicator for neoplastic progression. % A paper looking at MSI
and methylation status of 124 IBD-related colonic neoplasias
from 78 patients, "' showed 19/124 (9.6%) neoplastic lesions
to be MSI-high (MSI-H). Methylation profile, tested by HPP1
and RAB32 methylation, was found to be independent of
MSI status, with such methylation found in 28/61 (46%) and
20/60 (33.3%) carcinomas, while HPP1 methylation was
frequently (~50%) observed in dysplastic mucosa and even in
nondysplastic mucosa (7%). In another study,'%? mutational
events secondary to MSI were found to be similar in IBD- and
non IBD-related colonic neoplasia. MSI-H IBD neoplasias were
not more frequently right sided and there was no age or sex
association, whereas sporadic MSI-H CRC was more prevalent
in older women. IBD MSI-H tumours were more advanced and
less often poorly differentiated than sporadic MSI-H tumours.

Data regarding the methylation pathway are contradictory.
Some evidence suggests that the involvement of this pathway
is more prevalent in IBD-related neoplasia.'®' Methylation of
CPG islands in several genes can precede dysplasia and can be

detected throughout the colon in UC patients. 9 p16™%4 has
frequently been shown to be hypermethylated in patients
with UC even in non-dysplastic mucosa, and is considered a
marker for the CIMP pathway.%® An additional methylated
gene is p14 RF, an indirect regulator of p53.'% Recent
evidence does not support the co-occurrence of methylation
with IBD CRC neoplasia. %

The serrated neoplasia pathway, characterized by V600E
BRAF mutations, has been recently shown to explain some of
the IBD-related neoplastic colonic lesions. ' Clonality of
colitis-associated neoplasia has been shown in several crypts
from the same colitis-associated neoplastic lesions. %2197 As
in sporadic CRC, genomic transformation probably takes
place in stem cells at the base of the crypt, as mutations
have been shown to spread. These cells apparently sense
signals from the microenvironment and the epithelial
mesenchymal interaction. '8

4.3. The field effect

One of the main differences between sporadic and IBD-related
colonic neoplasia is that in IBD the entire colonic mucosa
carries risk for neoplastic transformation that can be
multifocal, as opposed to one or few premalignant adenomas
or cancers in sporadic cases. %

Aneuploidy is a marker for genomic instability and has been
shown in morphologically normal mucosal cells in IBD. Studies
in UC patients with consecutive colonoscopies indicate that cell
populations with aneuploidy expand in location over time.""°
Aneuploidy does not correlate morphologically with dysplasia
and is probably more widespread. Many genomic alterations,
including methylation, have been shown in morphologically
normal colonic mucosa in IBD patients. °>'%7 p53 mutations that
are an initial event in IBD-associated neoplasia can be found in
nondysplastic mucosa.® Two recent studies®?'%7 looked into
individual crypts and found the same mutations, mainly in TP53
KRAS and CDKN2A, present both in neoplasia and in
nondysplastic mucosa, even long before tumour development,
strongly supporting the concept of a precancerous field effect.

The cause of the field effect can be explained by the
constant re-epithelialization of ulcerated and chronically
inflamed colonic mucosa by abnormal healing clones that
expand,®” as well as local environmental changes such as
dysbiosis of the microflora, which can cause the appearance of
these mutations in several spots. "’

5. Outcome of colorectal cancer in IBD

During the last 40 years there have been a few small reports
looking at the outcome of CRC in UC®''2-115 and CD.'"6.117
The overall 5-year survival rates in these reports range
from 33.5% to 55.1% for UC and 18% to 46% for CD, with no
significant differences compared with non-IBD cases of CRC.

Over the last 16 years, a number of larger multi-centre
cohort studies and population-based reports have been
published. Bansal and Sonnenberg''® showed a trend
(p = 0.0681) towards decreased risk of cancer-related death in
CRC among patients with IBD (n = 371) compared with sporadic
CRC (n = 52 243), but no difference between CD (n = 134) and
UC (n = 237). A 20-year follow-up study from the Mayo Clinic
compared IBD-related (UC = 241 and CD = 49) CRC with age-
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and sex-matched sporadic CRC.""° IBD-related cancers were
more proximal, with only 55% distal to the splenic flexure,
compared with 78% among sporadic CRC. Cases of IBD-related
CRC were more often grade 3 or 4 tumours (40%) compared
with sporadic tumours (33%), and were also more often
mucinous (UC 20%, CD 24% and sporadic 13%). Despite this, no
differences were found in overall survival between sporadic
and IBD-related CRC. Two Danish population-based studies
looked specifically at UC-"2° and CD-'?" related CRC compared
with sporadic CRC. In the study on UC by Jensen et al.'?° 71 259
sporadic CRC cases during 1977—-1999 were compared with 279
UC-related cancers. Cancer stage, and rates of lymph node and
distant metastasis were similar between the two groups. The
overall mortality rates at 1 and 5 years after cancer diagnosis
were increased in UC-related CRC compared with sporadic
cancers (1.24 (95% Cl 1.02—1.51) and 1.17 (95% ClI 1.01-1.36),
respectively). In a similar study by Larsen et al.,'" 71 438
sporadic CRC cases were compared with 100 CD-related CRC
cases. The hazard ratios for death at 1 and 5 years after cancer
diagnosis were 1.82 (95% Cl 1.36—2.43) and 1.57 (95% Cl 1.24—
1.99), respectively. Both in UC and CD, CRC diagnosed
<60 years of age was shown to have a worse outcome,
especially within the first year with a hazard ratio of 1.92
(95% Cl 1.29-2.87). Brackmann et al.'? published a
population-based study from 1962 to 2005 on 81 780 sporadic
cases of CRC and 60 patients with IBD-related dysplasia or CRC
(CD colitis n =6, UC n=54). No differences were found
regarding cancer stage or distant metastasis at the time of
CRC diagnosis. The mortality rate ratio (MRR) was 3.71 (95%
Cl 2.54-5.42) for IBD-related CRC, compared with sporadic
cancers mainly attributable to multifocal dysplasia or
cancers, for which the MRR was 4.27 (95% Cl 2.83-6).
Survival after localised IBD-related CRC was similar to that
of sporadic CRC.

In another study, the outcome in UC patients (n = 20) was
compared with that in CD patients (n = 14) diagnosed with
CRC between 1990 and 2007."23 CRC in CD was found to be
associated with worse outcome in terms of 5-year disease-free
survival, 43% and 31% vs. 70% and 63% in UC (p = 0.01
respectively). In a Swedish population-based study,'** spo-
radic CRC cases (n = 112 948) were compared with tumours
occurring in IBD patients (n = 251), all with similar tumour
stage at CRC diagnosis. Apart from rectal cancer in CD, the
CRC-related mortality was increased among IBD patients, with
hazard ratios for colon cancer of 2.08 (95% Cl 1.46-2.96) in CD,
1.32 (95% Cl 1.02—1.72) in UC and 1.77 (95% Cl 1.22-2.56) for
rectal cancer in UC. Furthermore, this study revealed that IBD
patients <60 years at time of diagnosis and males had a worse
outcome.

Some studies have found no difference between IBD and
sporadic CRC in terms of survival. Peyrin-Biroulet et al.
analysed data from the Burgundy digestive cancer registry in
France during 1976-2008 (sporadic n =19 413 and IBD
related n = 38)."2> As shown previously, IBD patients were
younger at the time of CRC diagnosis, 56.9 years vs.
70.9 years (p <0.001). A trend towards an excess death
rate was found among IBD patients with CRC (hazard ratio
1.46 95% Cl 0.94-2.27). Another more recent US study'2¢
compared 29 CRC patients with CD and 53 with UC with
13 938 sporadic CRC patients. Mortality from CRC was 2.3
(95% Cl 1.6-3.0) times higher in CD and 2.0 (95% Cl 1.3-2.7)
times higher in UC.

In summary, the available literature shows an impaired
outcome of CRC in IBD, with a 2-fold increase in mortality
compared with sporadic cancers, but without major differ-
ences between UC and CD except for a more advanced
tumour stage at the time of diagnosis in CD patients. It is
worth noting that for IBD, the presence of CRC is often not
known prior to surgery. Male sex and young age are factors
associated with poor outcome.

6. Chemoprevention of colorectal cancer in IBD

A number of agents are potential chemopreventives in IBD,
such as 5-aminosalicylates (5-ASAs), ursodeoxycholic acid
(UDCA), folic acid and azathioprine.

6.1. 5-Aminosalicylates

5-ASA compounds, used extensively in the management of
IBD, particularly UC, have been identified as candidate
chemopreventive agents.'?” The mechanism of action of
mesalazine in chemoprevention is diverse, interfering with
many pathways in CRC cell biology, rather than simply
controlling inflammation. Actions include activation of the
PPAR gamma pathway, inhibition of lipoxygenase and
cyclooxygenase mediators, free radical scavenger and
antioxidant functions, and ability to inhibit interleukins. 28
Early evidence comes from a community-based study
cohort of 175 patients with UC by Moody et al.'?® who
demonstrated a 10-fold reduction in the incidence of CRC in
patients on long-term sulphasalazine. In a case-controlled
study, Pinchowski et al. "3 studied this aspect in IBD patients
grouped by the duration of 5-ASA use. Patients who had used
sulphasalazine for >3 months had a 62% risk reduction
compared with patients with a shorter duration of use. In a
further case-controlled study, Eaden et al.'3' compared 102
patients with UC-related CRC with matched controls, finding a
75% risk reduction for CRC among patients with regular 5-ASA
use (OR 0.25; 95% CI 0.13-0.48; p < 0.00001). The benefit
persisted after adjusting for variables such as disease extent
and disease duration (OR 0.19, 95% C10.06—0.61; p = 0.006). A
more recent large population-based general practise database
study from the UK'3? found that regular users of 5-ASAs
(defined as > 6 prescriptions in the preceding 12 months) had a
40% reduced risk of CRC (adjusted OR 0.60 (0.38-0.96)).
However, not all studies support a protective effect. In a
large UC surveillance cohort at St Mark's Hospital, London,
primarily designed to examine risk factors for colorectal
neoplasia, use of mesalazine for >10 years was associated
with a more modest and non-significant decrease in CRC risk
(OR 0.65; 95% Cl 0.26-1.62)."3% In addition, this study
reported an unexpected increase in risk of CRC in patients
taking long-term sulphasalazine. Similarly, Ullman et al.'
found no evidence of an effect of mesalazine exposure on
subsequent development of advanced neoplasia. Terdiman'3®
compared CRC patients registered on a large administrative
claims database in California with controls, finding that 5-ASA
therapy of any dose for a duration of 1 year before diagnosis of
CRC was not associated with a reduction in CRC risk (OR 0.97,
95% Cl 0.77-1.22). Bernstein et al. found a trend towards
increased cancer risk associated with the use of 5-ASAs within
2 years of a cancer diagnosis, indicating perhaps that the
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benefit only exists if given early in the course of disease in
UC.136

The most compelling data supporting a beneficial effect
of 5-ASAs come from a meta-analysis of 9 observational
studies involving a total of 1932 patients, finding a 49%
reduction in the risk of CRC or CRC/dysplasia with regular
use of 5-ASAs."” The pooled analysis showed a protective
association between use of 5-ASA and CRC (OR 0.51, 95% CI
0.37-0.69) and for the combined end point of CRC/dysplasia
(OR 0.51, 95% Cl 0.38-0.69). A recent systematic review'3®
including 4 observational studies focused on non-referral
studies indicated a chemopreventive benefit with 5-ASAs
with an adjusted OR of 0.95 (95% ClI 0.66-1.38), but there
was moderate heterogeneity (12 = 58.2%; p = 0.07).

Four studies looked at the dose needed to provide a
chemoprevention benefit. A study by van Staa et al. 32 found
a doubled risk reduction among those on daily doses above
1.2 g/day compared with those taking <1.2 g/day, but a
protective effect was observed in both groups (adjusted OR
0.28 and 0.56, respectively). Similar results were shown by
Eaden et al. "' where mesalazine at doses of 1.2 g or more
reduced CRC risk by 91% compared with no treatment (OR
0.09, 95% C1 0.03-0.28) but a protective effect was still found
with lower doses (OR 0.08; 95% C1 0.08—-0.85). In a more recent
case-controlled study involving 1594 IBD patients that includ-
ed 18 CRC patients, cumulative aminosalicylate dose of over
4500 g reduced the risk of CRC by 97% after adjusting for
disease extent and duration. '3°

Overall, despite the lack of good quality prospective
randomised trials, there is sufficient evidence now to
recommend the use of 5-ASAs for the chemoprevention of
CAC. However, a number of unanswered questions remain.
There is little data from which to establish recommendations
for when to initiate therapy, the duration of therapy needed
to achieve the benefit of chemoprevention and whether the
effect lasts after cessation of therapy. Future studies should
also identify those groups at highest risk among whom the
benefit may be higher, and whether 5-ASA can inhibit
progression of dysplasia to cancer. The anti-mutational effect
of 5-ASA may also be useful in individuals with Lynch
syndrome. 140,141

6.2. Ursodeoxycholic acid

The first indication of a potential chemoprotective effect of
UDCA in UC came from a retrospective study of 59 patients
with PSC and UC, of whom 41 were treated with UDCA'# in
which a lower prevalence of dysplasia was reported in the
UDCA-treated group (OR 0.18; p = 0.005) with a 40% difference
inrisk between the two groups. The protective effect appeared
to persist after adjusting for age, duration of colitis and
concomitant sulfasalazine use (adjusted OR 0.14, 95% CI 0.03—
0.64). In a placebo-controlled trial in PSC patients with UC
(median disease duration 13 years, follow-up time 6.5 years),
designed to detect improvement in liver function, UDCA was
associated with a 74% risk reduction for CRC and dysplasia (RR
0.26, 95% Cl 0.07-0.99)."* Due to the limited number of
colonic biopsies performed in the study compared to the
current surveillance guidelines, the result may be biassed.
Further evidence of the benefit of UDCA came from a proof
of concept study in IBD patients with pre-existing low-grade

dysplasia and DNA aneuploidy randomised to receive UDCA or
placebo.'* The primary outcome, defined as the need for
colectomy for the progression of dysplasia, was reached in 2
patients in the placebo group and none in the UDCA-treated
group. This study was limited by very small patient numbers,
short treatment duration and the low doses of UDCA used, but
it does indicate that UDCA may halt the progression of
dysplasia in high-risk patients with extensive colitis and
pre-existing premalignant lesions.

The early positive findings for UDCA as a chemopreventive
agent have not been replicated in more recent studies,
including studies with more patients. In a cohort study that
included 120 patients, Wolf et al. ' found no difference in the
risk of developing dysplasia or carcinoma, although they did
show a reduction in mortality in the UDCA group. More recent
studies suggest that the duration of treatment and the dose
of UDCA are important factors in chemoprevention. '4¢-130
Eaton and et al.'® examined the effects of high-dose
(28—-30 mg/kg/day) UDCA on the development of colorectal
neoplasia in 56 patients with UC and PSC with a follow-up
duration of 235 patient years. Patients who received high-
dose UDCA had a significantly higher risk of developing
colorectal neoplasia during the study than those who received
placebo (HR: 4.44, 95% Cl 1.30-20.10; p = 0.02). In another
study, also using high-dose UDCA (17-23 mg/kg), there was a
similar frequency of dysplasia or cancer after 5 years in
patients originally assigned to UDCA or placebo (13% vs. 16%),
and no difference was detected in dysplasia/cancer-free
survival after 5 years of therapy (13% and 16%) or 10 years of
follow-up (30% and 27%).' In a study in post-transplant
patients with PSC, use of 5-ASA or UDCA was shown on
multivariate analysis to be associated with an increased risk of
CRC.™0% A large randomised study estimating the survival
advantage in PSC patients of high-dose 5-ASA failed to
demonstrate any reduction in CRC risk.’" In contrast, a
prospective study from Germany in 120 patients with IBD and
PSC found that the annual incidence of CRC increased up to
6 years after the start of UDCA but subsequently de-
creased. ™ A recent meta-analysis of 4 studies, including
281 patients, reported that UDCA was not associated with any
improvement in the risk of CRC (OR 0.53; 95% Cl: 0.19—1.48;
p = 0.23) compared with no UDCA or placebo. '3

Overall, studies so far suggest that the role of UDCA as a
chemopreventive agent remains controversial, particularly
at high doses. Larger randomised prospective studies
including those comparing high doses versus low doses are
needed to reach a conclusion. However, this is unlikely given
the rarity of treatment-naive PSC patients with colitis, and
the long follow-up necessary.

6.3. Immunomodulators

There is increasing evidence that chronic inflammation
favours the development of cancer in IBD, and hence mucosal
healing with immunomodulators or biologics may prevent CRC
in IBD.">* However, there is insufficient data on the role of
immunomodulators in chemoprevention. In a single-centre
study of UC patients treated with azathioprine and followed
for 17 years, no patient developed cancer.'> In a further
cohort study from New York of 315 patients followed for an
average of 8 years, azathioprine (AZA)/6-mercaptopurine
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(6MP) use did not have any effect on the development of
CRC."® Three further studies examined chemoprevention by
6MP and AZA as chemoprophylaxis, although not as the
primary endpoint. 133142157 Rutter et al.’* showed a
non-significant trend towards a protective effect of azathio-
prine use for 1-5 years, or greater than 5 years, with ORs of
0.34 (95% Cl 0.09-1.25) and 0.73 (95% Cl 0.30-1.78),
respectively. Lashner et al.’ reported that the use of
azathioprine for >6 months had no protective effect (RR
1.12, 95% C1 0.26—4.17). A similar result was reported by Tung
et al. " These studies were retrospective cohort studies with
no data available on the dose used or duration of treatment.
In a nested case—control study using a UK primary care
database, '3? among 5-ASA users who had also used oral
glucocorticoids or immunosuppressants in the previous
6 months there were no differences in the risk of CRC between
regular and irregular 5-ASA use (adjusted OR 1.21 (95%
Cl 0.43-3.45)). In contrast, regular 5-ASA use was associated
with a reduced risk of CRC in non-users of oral glucocorticoids or
immunosuppressants (adjusted OR 0.53 (95% Cl 0.30-0.92)."%° In
a more recent nested case—control study in North America, using
immunosuppressive therapy (OR 0.3; 95% Cl 0.16-0.56;
p < 0.001) or anti-TNFa (OR 0.09; 95% ClI 0.01-0.68; p < 0.02)
was protective in terms of risk of IBD-related CRC.% Interesting-
ly, the overall risk of CRC in this cohort was much lower than
previously reported, with an overall risk of 0.04%.2°

The association between thiopurine and or 5-ASA use and
the risk of advanced neoplasia (AN), including high-grade
dysplasia and colorectal cancer, was recently investigated in
a large cohort of patients with IBD in the Netherlands.'>®
Thiopurine use was associated with a significantly decreased
risk of AN (adjusted HR 0.10, 95% CI 0.01 to 0.75). 5-ASA
therapy also had a protective effect against AN, but this was
not statistically significant (adjusted HR 0.56, 95% Cl 0.22 to
1.40).

Recent experimental data identifying TNFa as a mediator
involved in initiation and progression of CAC has not yet been
reflected in clinical trials, and other risks will preclude their
use for the sole aim of chemoprevention. The results from
the GETAID CESAME cohort have not yet been fully reported,
but preliminary data do not support a chemopreventive role
of AZA."°

6.4. Folic acid

Lashner et al.’™” reviewed data from 99 patients with
pancolitis enrolled in a 7-year surveillance programme and
studied the effect of folate supplementation on the rate of
neoplasia development using case—control methodology.
Folate supplementation was associated with a 62% lower
incidence of neoplasia but this was not statistically signifi-
cant (OR, 0.38; 95% Cl, 0.12-1.20). The same group also
reported a similar non-significant trend towards a protective
effect and dose-response effect of folate supplementation
of >6 months in a subsequent cohort study. ' In this study,
the adjusted RR of neoplasia for patients taking folate was
0.72 (95% ClI 0.28-1.83). The risk of neoplasia varied with
folate dose (RR, 0.54 for 1.0 mg folate; RR, 0.76 for 0.4 mg
folate in a multi-vitamin, compared with no folate). The
degree of dysplasia also varied with folate use (RR for
cancer, 0.45; RR for high-grade dysplasia, 0.52; RR for

low-grade dysplasia, 0.75, compared with patients without
dysplasia) (p = 0.08). An experimental study on cell kinetics
using immunohistochemistry following 3 months of folic acid
or placebo supplementation in 12 colitis patients revealed a
reduction in cell proliferation.'®! However, the role of folic
acid has not yet been tested in large randomised controlled
trials.

Overall, while there is no clear data to support routine
the use of folic acid, there appears to be a trend towards
benefit. Since folic acid is inexpensive and safe it may be
considered in selected patients at the clinician's discretion.

6.5. Statins

Experimental data from mice indicate that statins may have
a protective effect against colitis-associated carcinogenesis,
primarily by the induction of selective apoptosis of colon
cancer cells. "2 In a population-based case—control study, '3
statin therapy was associated with a modest reduction
in CRC in the non-IBD population, but a substantial 94% risk
reduction in patients with IBD was observed in a subset
analysis of 55 IBD patients. Furthermore, a recent meta-
analysis of 18 trials on statin use in hypercholesterolemia
showed only limited benefit in the setting of general
population.'® Overall, further studies are needed in high-
risk IBD patients to test the results of initial experimental
studies.

6.6. Chemoprevention in CD

The role of chemoprevention in CD has not been well
studied, and available data comes from studies with small
numbers of CD patients and do not give any firm conclusions.
However, a non-significant trend for a protective effect has
been reported with regular 5-ASA use (OR 0.30; 95% Cl 0.05—
1.17; p = 0.10) in at least one study.'®®

7. Conclusions and areas for future research

Recent data show that CRC risk is decreasing but it still
remains a major clinical problem in IBD patients. Better
control of intestinal inflammation is likely to be the major
reason. Future areas of investigation should focus on
understanding better the key pathogenic pathways. In
addition, the impact of all the novel medications including
anti-TNF in decreasing CRC risk needs to be better assessed,
even though interventional studies appear to be unethical
and not feasible when is matter of choosing between
treating or not inflammation. Large prospective cohorts
can help us to further investigate and identify the risk
factors to develop CRC and to assess the efficacy of IBD
related drugs in reducing the risk. Finally, from a surgical
point of view the collection of data from cohort studies and
managing CRC in similar pathways of care can provide better
data on survival and disease related outcomes.

Conflict of interest

Silvio Danese has served as a speaker, a consultant and
an advisory board member for Schering-Plough, Abbott



14

S. Sebastian et al.

Laboratories, Merck & Co, UCB Pharma, Ferring, Cellerix,

Millenium Takeda,
Alphawasserman,

Nycomed, Pharmacosmos, Actelion,
Genentech, Grunenthal, Pfizer, Astra

Zeneca, Novo Nordisk, Cosmo Pharmaceuticals, Vifor, and
Johnson and Johnson.

References

10.

1.

12.

13.

14.

15.

16.

. Rubin DC, Shaker A, Levin MS. Chronic intestinal inflammation:

inflammatory bowel disease and colitis-associated colon cancer.
Front Immunol 2012;3:107.

. Lakatos PL, Lakatos L. Challenges in calculating the risk for

colorectal cancer in patients with ulcerative colitis. Clin
Gastroenterol Hepatol 2012;10:1179-80.

. Katsanos K, Tsianos E. Inflammatory bowel disease related

cancer. Ann Gastroenterol 2002;15:134-42.

. Eaden JA, Abrams KR, Mayberry JF. The risk of colorectal

cancer in ulcerative colitis: a meta-analysis. Gut 2001;48:
526-35.

. Katsanos KH, Vermeire S, Christodoulou DK, Riis L, Wolters F,

Odes S, et al. Dysplasia and cancer in inflammatory bowel
disease 10 years after diagnosis: results of a population-based
European collaborative follow-up study. Digestion 2007;75:
113-21.

. Katsanos KH, Tatsioni A, Pedersen N, Shuhaibar M, Ramirez VH,

et al. Cancer in inflammatory bowel disease 15 years after
diagnosis in a population-based European collaborative follow-up
study. J Crohns Colitis 2011;5:430-42.

. Gong W, Lv N, Wang B, Chen Y, Huang Y, Pan W, et al. Risk of

ulcerative colitis-associated colorectal cancer in China: a
multi-center retrospective study. Dig Dis Sci 2012;57:503-7.

. Venkataraman S, Mohan V, Ramakrishna BS, Peter S, Chacko A,

Chandy G, et al. Risk of colorectal cancer in ulcerative colitis
in India. J Gastroenterol Hepatol 2005;20:705-9.

. Kim BJ, Yang SK, Kim JS, Jeen YT, Choi H, Han DS, et al. Trends

of ulcerative colitis-associated colorectal cancer in Korea: a
KASID study. J Gastroenterol Hepatol 2009;24:667-71.

Hata K, Watanabe T, Kazama S, Suzuki K, Shinozaki M, Yokayama
T, et al. Earlier surveillance colonoscopy programme improves
survival in patients with ulcerative colitis associated colorectal
cancer: results of a 23-year surveillance programme in the
Japanese population. Br J Cancer 2003;89:1232-6.

Palli D, Trallori G, Bagnoli S, Saieva C, Tarantino O, Ceroti M,
et al. Hodgkin's disease risk is increased in patients with
ulcerative colitis. Gastroenterology 2000;119:647-53.
Bernstein CN, Blanchard JF, Kliewer E, Wajda A. Cancer risk in
patients with inflammatory bowel disease: a population-based
study. Cancer 2001;91:854-62.

Winther KV, Jess T, Langholz E, Munkholm P, Binder V. Long-term
risk of cancer in ulcerative colitis: a population-based cohort
study from Copenhagen County. Clin Gastroenterol Hepatol
2004;2:1088-95.

Jess T, Loftus EV, Velayos FS, Winther KW, Tremaine WJ,
Zinsmeister AR, et al. Risk of intestinal cancer in inflammatory
bowel disease: a population-based study from Olmsted county,
Minnesota. Gastroenterology 2006;130:1039—46.

Lakatos L, Mester G, Erdelyi Z, David G, Pandur T, Balogh M,
et al. Risk factors for ulcerative colitis-associated colorectal
cancer in a Hungarian cohort of patients with ulcerative
colitis: results of a population-based study. Inflamm Bowel Dis
2006;12:205-11.

Jess T, Riis L, Vind |, Winther KV, Borg S, Binder V, et al.
Changes in clinical characteristics, course, and prognosis of
inflammatory bowel disease during the last 5 decades: a
population-based study from Copenhagen, Denmark. Inflamm
Bowel Dis 2007;13:481-9.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

Soderlund S, Brandt L, Lapidus A, Karlen P, Brostrom O,
Lofberg R, et al. Decreasing time-trends of colorectal cancer
in a large cohort of patients with inflammatory bowel disease.
Gastroenterology 2009;136:1561-7.

Shaukat A, Virnig DJ, Salfiti NI, Howard DH, Sitaraman SV, Liff
JM. Is inflammatory bowel disease an important risk factor
among older persons with colorectal cancer in the United
States? A population-based case—control study. Dig Dis Sci
2011;56(8):2378-83.

Jess T, Simonsen J, Jorgensen KT, Pederson BV, Nielson NM,
Frisch M. Decreasing risk of colorectal cancer in patients with
inflammatory bowel disease over 30 years. Gastroenterology
2012;143 [375-381.e1].

Baars JE, Looman CWN, Steyerberg EW, Beukers R, Tan AC,
Weusten BL, et al. The risk of inflammatory bowel disease-
related colorectal carcinoma is limited: results from a nation-
wide nested case—control study. Am J Gastroenterol 2011;106:
319-28.

Castano-Milla C, Chaparro M, Gisbert JP. Has the risk of
developing colorectal cancer in patients with ulcerative colitis
been overstated? A meta-analysis. Gastroenterology 2012;142:
S-251.

Jess T, Rungoe C, Peyrin-Biroulet L. Risk of colorectal cancer in
patients with ulcerative colitis: a meta-analysis of population-
based cohort studies. Clin Gastroenterol Hepatol 2012;10:
639-45.

Jess T, Gamborg M, Matzen P, Munkholm P, Sgrensen Tl, et al.
Increased risk of intestinal cancer in Crohn's disease: a
meta-analysis of population-based cohort studies. Am J
Gastroenterol 2005;100:2724-9.

Canavan C, Abrams KR, Mayberry J. Meta-analysis: colorectal
and small bowel cancer risk in patients with Crohn's disease.
Aliment Pharmacol Ther 2006;23:1097-104.

von Roon AC, Reese G, Teare J, Constantinides V, Darzi AW,
Tekkis PP, et al. The risk of cancer in patients with Crohn's
disease. Dis Colon Rectum 2007;50:839-55.

Laukoetter MG, Mennigen R, Hannig CM, Osada N, Rijcken E,
Vowinkel T, et al. Intestinal cancer risk in Crohn's disease: a
meta-analysis. J Gastrointest Surg 2011;15(4):576-83.
Friedman S, Rubin PH, Bodian C, Harpaz N, Present DH.
Screening and surveillance colonoscopy in chronic Crohn's
colitis: results of a surveillance program spanning 25 years.
Clin Gastroenterol Hepatol 2008;6(9):993-8.

Basseri RJ, Basseri B, Vassilaki ME, Melmed GY, Ippoliti A,
Vasiliauskas EA, et al. Colorectal cancer screening and
surveillance in Crohn's colitis. J Crohns Colitis 2012;6(8):
824-9.

Stewénius J, Adnerhill I, Anderson H, Ekelund GR, Florén CH,
Fork FT, et al. Incidence of colorectal cancer and all cause
mortality in non-selected patients with ulcerative colitis and
indeterminate colitis in Malmo, Sweden. Int J Colorectal Dis
1995;10(2):117-22.

Ekbom A, Helmick C, Zack M, Adami HO. Ulcerative colitis and
colorectal cancer. A population-based study. N Eng J Med
1990;323(18):1228-33.

. Ekbom A, Helmick C, Zack M, Adami HO. Increased risk of

large-bowel cancer in Crohn's disease with colonic involve-
ment. Lancet 1990;336(8711):357-9.

Askling J, Dickman PW, Karlén P, Brostrom O, Lapidus A,
Lofberg R, et al. Family history as a risk factor for colorectal
cancer in inflammatory bowel disease. Gastroenterology
2001;120(6):1356-62.

Soetikno RM, Lin OS, Heidenreich PA, Young HS, Blackstone
MO. Increased risk of colorectal neoplasia in patients with
primary sclerosing cholangitis and ulcerative colitis: a meta-
analysis. Gastrointest Endosc 2002;56(1):48-54.

Rutter MD, Saunders BP, Wilkinson KH, Rumbles S, Schofield G,
Kamm MA, et al. Cancer surveillance in longstanding ulcerative



Colorectal cancer in inflammatory bowel disease

15

35.

36.

37.

38.

39.

40.

M.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

colitis: endoscopic appearances help predict cancer risk. Gut
2004;53(12):1813-6.

Breynaert C, Vermeire S, Rutgeerts P, Van Assche G. Dysplasia
and colorectal cancer in inflammatory bowel disease: a result
of inflammation or an intrinsic risk? Acta Gastroenterol Belg
2008;71(4):367-72.

Gupta RB, Harpaz N, Itzkowitz S, Hossain S, Matula S, Kornbluth A,
et al. Histologic inflammation is a risk factor for progression to
colorectal neoplasia in ulcerative colitis: a cohort study. Gastro-
enterology 2007;133(4):1099-105.

Cairns SR, Scholefield JH, Steele RJ, Dunlop MG, Thomas HJ,
Evans GD, et al. Guidelines for colorectal cancer screening and
surveillance in moderate and high risk groups (update from
2002). Gut 2010;59(5):666—89.

Farraye FA, Odze RD, Eaden J, ltzkowitz SH. AGA medical
position statement on the diagnosis and management of
colorectal neoplasia in inflammatory bowel disease. Gastro-
enterology 2010;138(2):738—-45.

Van Assche G, Dignass A, Bokemeyer B, Danese S, Gionchetti P,
Moser G, et al. Second European evidence-based consensus on
the diagnosis and management of ulcerative colitis part 3:
special situations. J Crohns Colitis 2013;7(1):1-33.

Lutgens MW, Vleggaar FP, Schipper MEI, Stokkers PC, van der
Woude CJ, Hommes DW, et al. High frequency of early
colorectal cancer in inflammatory bowel disease. Gut
2008;57(9):1246-51.

Rutter MD, Saunders BP, Wilkinson KH, Rumbles S, Schofield G,
Kamm MA, et al. Thirty-year analysis of a colonoscopic surveil-
lance program for neoplasia in ulcerative colitis. Gastroenterol-
ogy 2006;130(4):1030-8.

Soderlund S, Brandt L, Lapidus A, Karlén P, Brostrém O, Lofberg
R, et al. Reply. Gastroenterology 2009;137(5):1858.

Gillen CD, Walmsley RS, Prior P, et al. Ulcerative colitis and
Crohn's disease: a comparison of the colorectal cancer risk in
extensive colitis. Gut 1994;35(11):1590-2.

Choi PM, Zelig MP. Similarity of colorectal cancer in Crohn's
disease and ulcerative colitis: implications for carcinogenesis
and prevention. Gut 1994;35(7):950—4.

Averboukh F, Ziv Y, Kariv Y, Zmora O, Dotan |, Klausner JM,
et al. Colorectal carcinoma in inflammatory bowel disease: a
comparison between Crohn's and ulcerative colitis. Colorectal
Dis 2011;13(11):1230-5.

Kiran RP, Khoury W, Church JM, Lavery IC, Fazio VW, Remzi
FH. Colorectal cancer complicating inflammatory bowel disease:
similarities and differences between Crohn's and ulcerative
colitis based on three decades of experience. Ann Surg
2010;252(2):330-5.

Brackmann S, Andersen SN, Aamodt G, et al. Relationship between
clinical parameters and the colitis-colorectal cancer interval in a
cohort of patients with colorectal cancer in inflammatory bowel
disease. Scand J Gastroenterol 2009;44(1):46-55.

Karvellas CJ, Fedorak RN, Hanson J, Wong CK. Increased risk
of colorectal cancer in ulcerative colitis patients diagnosed
after 40 years of age. Can J Gastroenterol 2007;21(7):
443-6.

Baars JE, Kuipers EJ, van Haastert M, Nicolai JJ, Poen AC, van
der Woude CJ. Age at diagnosis of inflammatory bowel disease
influences early development of colorectal cancer in inflam-
matory bowel disease patients: a nationwide, long-term
survey. J Gastroenterol 2012;47(12):1308-22.

Thackeray EW, Charatcharoenwitthaya P, Elfaki D, Sinakos E,
Lindor KD. Colon neoplasms develop early in the course of
inflammatory bowel disease and primary sclerosing cholangitis.
Clin Gastroenterol Hepatol 2011;9(1):52-6.

Hanouneh IA; Macaron C, Lopez R, Zein NN, Lashner BA. Risk
of colonic neoplasia after liver transplantation for primary
sclerosing cholangitis. Inflamm Bowel Dis 2012;18(2):
269-74.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Vera A, Gunson BK, Ussatoff V, Nightingale P, Candinas D,
Radley S, et al. Colorectal cancer in patients with inflammatory
bowel disease after liver transplantation for primary sclerosing
cholangitis. Transplantation 2003;75(12):1983-8 [27].

Torres J, Pineton de Chambrun G, Itzkowitz S, Sachar DB,
Colombel JF. Review article: colorectal neoplasia in
patients with primary sclerosing cholangitis and inflamma-
tory bowel disease. Aliment Pharmacol Ther 2011;34(5):
497-508.

Lindstrém L, Lapidus A, Ost A, Bergquist A. Increased risk of
colorectal cancer and dysplasia in patients with Crohn's colitis
and primary sclerosing cholangitis. Dis Colon Rectum 2011;54(11):
1392-7.

Braden B, Halliday J, Aryasingha S, Sharifi Y, Checchin D,
Warren BF, et al. Risk for colorectal neoplasia in patients with
colonic Crohn's disease and concomitant primary sclerosing
cholangitis. Clin Gastroenterol Hepatol 2012;10(3):303-8.
Soderlund S, Granath F, Brostrom O, Karlén P, Lofberg R,
Ekbom A, et al. Inflammatory bowel disease confers a lower
risk of colorectal cancer to females than to males. Gastroen-
terology 2010;138(5):1697-703.

Hou JK, Kramer JR, Richardson P, Mei M, El-Serag HB. Risk of
colorectal cancer among Caucasian and African American
veterans with ulcerative colitis. Inflamm Bowel Dis 2012;18(6):
1011-7.

Rakoff-Nahoum S, Medzhitov R. Regulation of spontaneous
intestinal tumorigenesis through the adaptor protein MyD88.
Science 2007;317:124-7.

Fukata M, Abreu MT. Role of Toll-like receptors in gastroin-
testinal malignancies. Oncogene 2008;27:234-43.

Salcedo R. MyD88-mediated signaling prevents development of
adenocarcinomas of the colon: role of interleukin 18. J Exp
Med 2010;207(8):1625-36.

Popivanova BK, Kostadinova Fl, Furuichi K, Shamekh MM, Kondo
T, Wada T, et al. Blockade of a chemokine, CCL2, reduces
chronic colitis-associated carcinogenesis in mice. Cancer Res
2009;69:7884-92.

Atreya R, Mudter J, Finotto S, Millberg J, Jostock T, Wirtz S,
et al. Blockade of interleukin 6 trans signaling suppresses T-cell
resistance against apoptosis in chronic intestinal inflammation:
evidence in Crohn disease and experimental colitis in vivo. Nat
Med 2000;6:583-8.

McLoughlin RM, Witowski J, Robson RL, Wilkinson TS, Hurst SM,
Williams AS, et al. Interplay between IFN-gamma and IL-6
signaling governs neutrophil trafficking and apoptosis during
acute inflammation. J Clin Invest 2003;112:598-607.

Kai H, Kitadai Y, Kodama M, Cho S, Kuroda T, Ito M, et al.
Involvement of proinflammatory cytokines IL-1beta and IL-6 in
progression of human gastric carcinoma. Anticancer Res
2005;25:709-13.

Li Y, de HC, Chen M, Deuring J, Gerrits MM, Smits R, et al.
Disease-related expression of the IL6/STAT3/SOCS3 signalling
pathway in ulcerative colitis and ulcerative colitis-related
carcinogenesis. Gut 2010;59(2):227-32.

Stolfi C. Involvement of interleukin-21 in the regulation of
colitis-associated colon cancer. J Exp Med 2011;208(11):2279-90.
Jauch D. Interleukin 21 controls tumour growth and tumour
immunosurveillance in colitis-associated tumorigenesis in
mice. Gut 2011;60(12):1678-86.

Nibbs RJ, Gilchrist DS, King V, Ferra A, Forrow S, Hunter KD,
et al. The atypical chemokine receptor D6 suppresses the
development of chemically induced skin tumors. J Clin Invest
2007;117:1884-92.

Vetrano S, Borroni EM, Sarukhan A, Savino B, Bonecchi R,
Correale C, et al. The lymphatic system controls intestinal
inflammation and inflammation-associated colon cancer
through the chemokine decoy receptor D6. Gut 2010;59(2):
197-206.



16

S. Sebastian et al.

70

1.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

. Wang H, Czura C, Tracey K. The Cytokine Handbook. In:
Thomson A, Lotze M, editors. London: Elsevier Science Ltd.;
2003. p. 837-60.

Uguccioni M, Gionchetti P, Robbiani DF, Rizzello F, Peruzzo S,
Campieri M, et al. Increased expression of IP-10, IL-8, MCP-1,
and MCP-3 in ulcerative colitis. Am J Pathol 1999;155:331-6.
Popivanova BK, Kitamura K, Wu Y, Kondo T, Kagaya T, Kaneko S,
et al. Blocking TNF-alpha in mice reduces colorectal carcinogen-
esis associated with chronic colitis. J Clin Invest 2008;118:560-70.
Glocker EO, Kotlarz D, Boztug K, Gertz EM, Schaffer AA, Noyan
F, et al. Inflammatory bowel disease and mutations affecting
the interleukin-10 receptor. N Engl J Med 2009;361:2033—45.
Becker C, Fantini MC, Neurath MF. TGF-beta as a T cell

regulator in colitis and colon cancer. Cytokine Growth Factor

Rev 2006;17:97-106.

Rizzo A, Waldner MJ, Stolfi C, Sarra M, Fina D, Becker C, et al.
Smad7 expression in T cells prevents colitis-associated cancer.
Cancer Res 2011;71(24):7423-32.

Wald D, Qin J, Zhao Z, Qian Y, Naramura M, Tian L, et al. SIGIRR,

a negative regulator of Toll-like receptor-interleukin 1 receptor

signaling. Nat Immunol 2003;4:920-7.
Polentarutti N, Rol GP, Muzio M, Bosisio D, Camnasio M, Riva F,
et al. Unique pattern of expression and inhibition of IL-1

signaling by the IL-1 receptor family member TIR8/SIGIRR. Eur

Cytokine Netw 2003;14:211-8.

Garlanda C, Riva F, Polentarutti N, Buracchi C, Sironi M, De
Bortoli M, et al. Intestinal inflammation in mice deficient in
Tir8, an inhibitory member of the IL-1 receptor family. Proc
Natl Acad Sci 2004;101:3522-6.

Naugler WE, Karin M. NF-kappaB and cancer-identifying
targets and mechanisms. Curr Opin Genet Dev 2008;8:19-26.
Greten FR, Karin M. The IKK/NF-kappaB activation pathway—a
target for prevention and treatment of cancer. Cancer Lett
2004;206:193-9.

Greten FR, Eckmann L, Greten TF, Park JM, Li ZW, Egan LJ,
et al. IKKbeta links inflammation and tumorigenesis in a mouse
model of colitis-associated cancer. Cell 2004;118:285-96.
Allen IC, Wilson JE, Schneider M, Lich JD, Roberts RA, Arthur
JC, et al, Wi. NLRP12 suppresses colon inflammation and
tumorigenesis through the negative regulation of noncanonical
NF-xB signaling. Immunity 2012;25:36(5):742-54.

Pasparakis M. IKK/NF-kappaB signaling in intestinal epithelial
cells controls immune homeostasis in the gut. Mucosal Immunol
2008;1(Suppl 1):554-7.

Swidsinski A, Khilkin M, Kerjaschki D, Schreiber S, Ortner M,
Weber J, et al. Association between intraepithelial Escherichia
coli and colorectal cancer. Gastroenterology 1998;115(2):
281-6.

Darfeuille-Michaud A, Neut C, Lederman E, Di Martino P,
Desreumaux P, et al. Presence of adherent Escherichia coli
strains in ileal mucosa of patients with Crohn's disease.
Gastroenterology 1998;115(6):1405—13.

Arthur JC, Perez-Chanona E, Mihlbauer M, Tomkovich S, Uronis
JM, Fan TJ, et al. Intestinal inflammation targets cancer-inducing
activity of the microbiota. Science 2012;338(6103):120-3.
Markowitz SD, Bertagnolli MM. Molecular origins of cancer:
molecular basis of colorectal cancer. N Engl J Med 2009;361(25):
2449-60 [17].

Selaru FM, Xu Y, Yin J, Zou T, Liu TC, Mori Y, et al. Artificial
neural networks distinguish among subtypes of neoplastic
colorectal lesions. Gastroenterology 2002;122(3):606—87.
Greenwald BD, Harpaz N, Yin J, Huang Y, Tong Y, Brown VL,
et al. Loss of heterozygosity affecting the p53, Rb, and mcc/apc
tumor suppressor gene loci in dysplastic and cancerous ulcera-
tive colitis. Cancer Res 1992;52(3):741-5 [1].

Willenbucher RF, Zelman SJ, Ferrell LD, Moore 2nd DH, Waldman
FM. Chromosomal alterations in ulcerative colitis-related neo-
plastic progression. Gastroenterology 1997;113(3):791-801.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Fogt F, Zhuang Z, Poremba C, Dockhorn-Dworniczak B, Vortmeyer
A. Comparison of p53 immunoexpression with allelic loss of p53 in
ulcerative colitis-associated dysplasia and carcinoma. Oncol Rep
1998;5(2):477-80.

Leedham SJ, Graham TA, Oukrif D, McDonald SA, Rodriguez-Justo
M, Harrison RF, et al. Clonality, founder mutations, and field
cancerization in human ulcerative colitis-associated neoplasia.
Gastroenterology 2009;36(2):542-50.

Fogt F, Vortmeyer AO, Goldman H, Giordano TJ, Merino MJ,
Zhuang Z. Comparison of genetic alterations in colonic adenoma
and ulcerative colitis-associated dysplasia and carcinoma. Hum
Pathol 1998;29(2):131-6.

Hussain SP, Amstad P, Raja K, Ambs S, Nagashima M, Bennett
WP, et al. Increased p53 mutation load in noncancerous colon
tissue from ulcerative colitis: a cancer-prone chronic inflamma-
tory disease. Cancer Res 2000;60(13):3333-7.

Burmer GC, Rabinovitch PS, Haggitt RC. Neoplastic progression
in ulcerative colitis: histology, DNA content, and loss of a p53
allele. Gastroenterology 1992;103(5):1602-10.

Hoque AT, Hahn SA, Schutte M. DPC4 gene mutation in colitis
associated neoplasia. Gut 1997;40(1):120-2.

Lyda MH, Noffsinger A, Belli J, et al. Microsatellite instability
and K-ras mutations in patients with ulcerative colitis. Hum
Pathol 2000;31(6):665-71.

Fleisher AS, Esteller M, Harpaz N, Leytin A, Rashid A, Xu Y, et al.
Microsatellite instability in inflammatory bowel disease-associated
neoplastic lesions is associated with hypermethylation and
diminished expression of the DNA mismatch repair gene, hMLH1.
Cancer Res 2000;60(17):4864-8.

Cawkwell L, Sutherland F, Murgatroyd H. Defective hMSH2/
hMLH1 protein expression is seen infrequently in ulcerative
colitis associated colorectal cancers. Gut 2000;46(3):
367-9.

Brentnall TA, Crispin DA, Bronner MP. Microsatellite instability
in nonneoplastic mucosa from patients with chronic ulcerative
colitis. Cancer Res 1996;56(6):1237—40 [99].

Schulmann K, Mori Y, Croog V, Yin J, Olaru A, Sterian A, et al.
Molecular phenotype of inflammatory bowel disease-associated
neoplasms with microsatellite instability. Gastroenterology
2005;129(1):74-85.

Svrcek M, ELl-Bchiri J, Chalastanis A, Capel E, Dumont S, Buhard
0, et al. Specific clinical and biological features characterize
inflammatory bowel disease associated colorectal cancers
showing microsatellite instability. J Clin Oncol 2007;25(27):
4231-8.

Issa JP, Ahuja N, Toyota M, Bronner MP, Brentnall TA.
Accelerated age-related CpG island methylation in ulcerative
colitis. Cancer Res 2001;61(9):3573-7.

Sato F, Harpaz N, Shibata D, Xu Y, Yin J, Mori Y, et al.
Hypermethylation of the p14(ARF) gene in ulcerative colitis-
associated colorectal carcinogenesis. Cancer Res 2002;62(4):
1148-51.

Konishi K, Shen L, Wang S. Rare CpG island methylator
phenotype in ulcerative colitis-associated neoplasias. Gastro-
enterology 2007;132(4):1254-60.

Bossard C, Denis MG, Bézieau S. Involvement of the serrated
neoplasia pathway in inflammatory bowel disease-related
colorectal oncogenesis. Oncol Rep 2007;18(5):1093-7.
Galandiuk S, Rodriguez-Justo M, Jeffery R. Field cancerization
in the intestinal epithelium of patients with Crohn's ileocolitis.
Gastroenterology 2012;142(4) [855-864.€8].

Shaker A, Rubin DC. Intestinal stem cells and epithelial—
mesenchymal interactions in the crypt and stem cell niche.
Transl Res 2010;156(3):180-7.

Ullman TA, ltzkowitz SH. Intestinal inflammation and cancer.
Gastroenterology 2011;140:1807-16.

Rubin CE, Haggitt RC, Burmer GC, Brentnall TA, Stevens AC,
Levine DS, et al. DNA aneuploidy in colonic biopsies predicts



Colorectal cancer in inflammatory bowel disease

17

11.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

future development of dysplasia in ulcerative colitis. Gastro-
enterology 1992;103(5):1611-20.

Itzkowitz SH, Yio X. Inflammation and cancer IV. Colorectal
cancer in inflammatory bowel disease: the role of inflamma-
tion. Am J Physiol Gastrointest Liver Physiol 2004;287(1):
G7-G17.

Hughes RG, Hall TJ, Block GE, Levin B, Moossa AR. The
prognosis of carcinoma of the colon and rectum complicat-
ing ulcerative colitis. Surg Gynecol Obstet 1978;146(1):
46-8.

Lavery IC, Chiulli RA, Jagelman DG, Fazio VW, Weakley FL.
Survival with carcinoma arising in mucosal ulcerative colitis.
Ann Surg 1982;195(4):508—-12.

Ritchie JK, Hawley PR, Lennard-Jones JE. Prognosis of
carcinoma in ulcerative colitis. Gut 1981;22(9):752-5.

Sugita A, Greenstein AJ, Ribeiro MB, Sachar DB, Bodian C,
Panday AK, et al. Survival with colorectal cancer in ulcerative
colitis. A study of 102 cases. Ann Surg 1993;218(2):189-95.
Ribeiro MB, Greenstein AJ, Sachar DB, Barth J, Balasubramanian
S, Harpaz N, et al. Colorectal adenocarcinoma in Crohn's disease.
Ann Surg 1996;223(2):186-93.

Richards ME, Rickert RR, Nance FC. Crohn's disease-associated
carcinoma. A poorly recognized complication of inflammatory
bowel disease. Ann Surg 1989;209(6):764-73.

Bansal P, Sonnenberg A. Risk factors of colorectal cancer in
inflammatory bowel disease. Am J Gastroenterol 1996;91(1):
44-8.

Delaunoit T, Limburg PJ, Goldberg RM, Lymp JF, Loftus Jr EV.
Colorectal cancer prognosis among patients with inflamma-
tory bowel disease. Clin Gastroenterol Hepatol 2006;4(3):
335-42.

Jensen AB, Larsen M, Gislum M, Skriver MV, Jepsen P, Norgaard B,
et al. Survival after colorectal cancer in patients with ulcerative
colitis: a nationwide population-based Danish study. Am J
Gastroenterol 2006;101(6):1283-7.

Larsen M, Mose H, Gislum M, Skriver MV, Jepsen P, Norgard B,
et al. Survival after colorectal cancer in patients with Crohn's
disease: a nationwide population-based Danish follow-up
study. Am J Gastroenterol 2007;102(1):163-7.

Brackmann S, Aamodt G, Andersen SN, Roald B, Langmark F,
Clausen OP, et al. Widespread but not localized neoplasia in
inflammatory bowel disease worsens the prognosis of colorec-
tal cancer. Inflamm Bowel Dis 2010;16(3):474-81.

Ouaissi M, Maggiori L, Alves A, Giger U, Sielezneff |, Valleur P,
et al. Colorectal cancer complicating inflammatory bowel
disease: a comparative study of Crohn's disease vs ulcerative
colitis in 34 patients. Colorectal Dis 2011;13(6):684-8.

Shu X, Ji J, Sundquist J, Sundquist K, Hemminki K. Survival in
cancer patients hospitalized for inflammatory bowel disease in
Sweden. Inflamm Bowel Dis 2011;17(3):816-22.
Peyrin-Biroulet L, Lepage C, Jooste V, Gueant JL, Faivre J,
et al. Colorectal cancer in inflammatory bowel diseases: a
population-based study (1976-2008). Inflamm Bowel Dis
2012;18(12):2247-51.

Herrinton LJ, Liu L, Levin TR, Allison JE, Lewis JD, Velayos F.
Incidence and mortality of colorectal adenocarcinoma in
persons with inflammatory bowel disease from 1998 to 2010.
Gastroenterology 2012;143(2):382-9.

Cheng Y, Desreumaux P. 5-Aminosalicylic acid is an attractive
candidate agent for chemo prevention of colon cancer in patients
with inflammatory bowel disease. World J Gastroenterol
2005;11(3):309-14.

Lyakhovich A, Gasche C. Systematic review: molecular chemopre-
ventive properties of 5-ASA. Aliment Pharmacol Ther 2010;31(2):
202-9.

Moody GA, Jayanthi V, Probert CS, Mac Kay H, Mayberry JF. Long
term therapy with sulphasalazine protects against colorectal
cancer in ulcerative colitis: a retrospective study of colorectal

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

cancer and compliance with treatment in Leicestershire. Eur J
Gastroenterol Hepatol 1996;8:1179-83.

Pinczowski D, Ekbom A, Baron J, Yuen J, Adami HO. Risk
factors for colorectal cancer in patients with ulcerative colitis:
a case—control study. Gastroenterology 1994;107:117-20.
Eaden J, Abrams K, Ekbom A, Jackson E, Mayberry J. Colorectal
cancer prevention in ulcerative colitis: a case—control study.
Aliment Pharmacol Ther 2000;14:145-53.

Van Staa TP, Card T, Logan RF, Leufkens HG. Aminosalicylate
use and colorectal cancer risk in inflammatory bowel disease:
a large epidemiological study. Gut 2005;54:1573-8.

Rutter M, Saunders B, Wilkinson K, Rumbles S, Schofield G,
Kamm MA, et al. Severity of inflammation is a risk factor for
colorectal neoplasia in ulcerative colitis. Gastroenterology
2004;126:451-9.

Ullman T, Croog V, Harpaz N, Hossain S, Kombluth A, Bodian C,
et al. Progression to colorectal neoplasia in ulcerative colitis.
Effect of mesalamine. Clin Gastroenterol Hepatol 2008;6(11):
1225-30.

Terdiman JP, Steinbuch M, Blumentals WA, Ullman TA, Rubin DT.
5-Aminosalicylic acid therapy and the risk of colorectal cancer
among patients with inflammatory bowel disease. Inflamm Bowel
Dis 2007;13(4):367-71.

Bernstein CN, Blanchard JF, Metge C, Yogendran M. Does the use
of 5-aminosalicylates in inflammatory bowel disease prevent
the development of colorectal cancer? Am J Gastroenterol
2003;98(12):2784-8.

Velayos FS, Terdiman JP, Walsh JM. Effect of 5-aminosalicylate
use on colorectal cancer and dysplasia risk: a systematic review
and metaanalysis of observational studies. Am J Gastroenterol
2005;100:1345-53.

Nguyen GC, Gulamhusein A, Bernstein CN. 5-aminosalicylic
acid is not protective against colorectal cancer in inflamma-
tory bowel disease: a meta-analysis of non-referral popula-
tions. Am J Gastroenterol 2012;107:1298-304.

Tang J, Sharif O, Pai C, Silverman AL. Mesalamine protects
against colorectal cancer in inflammatory bowel disease. Dig
Dis Sci 2010;55(6):1696—703.

Gasche C, Goel A, Natarajan L, Boland CR. Mesalazine improves
replication fidelity in cultured colorectal cells. Cancer Res
2005;65:3993-7.

Campregher C, Honeder C, Chung H, Carethers JM, Gasche C,
et al. Mesalazine reduces microsatellite instability in TGFBR2
and ACVR2 by improvement of replication fidelity in mononu-
cleotide repeats. Clin Cancer Res 2010;16(6):1950-6.

Tung BY, Emond MJ, Haggitt RC, Bronner MP, Kimmey MB,
Kowdley RV, et al. Ursodiol use is associated with lower prevalence
of colonic neoplasia in patients with UC and primary sclerosing
cholangitis. Ann Intern Med 2001;134:89-95.

Pardi DS, Loftus Jr EV, Kremers WK, Keach J, Lindor KD.
Ursodeoxycholic acid as chemo preventive agent in patients
with ulcerative colitis and primary sclerosing cholangitis.
Gastroenterology 2003;124:889-93.

Sjoqvist UU, Tribukait B, Ost A, Einarson C, Oxelmark L,
Lofberg R. Ursodeoxycholic acid treatment in IBD patients with
colorectal dysplasia and/or DNA-aneuploidy: a prospective,
double blind randomised controlled pilot study. Anticancer Res
2004;24:3121-7.

Wolf JM, Rybicki LA, Lashner BA. The impact of ursodeoxycholic
acid on cancer, dysplasia and mortality in ulcerative colitis
patients with primary sclerosing cholangitis. Aliment Pharmacol
Ther 2012;35:846.

Santander C, Moreno-Otero R. Commentary: ursodeoxycholic
acid as chemoprevention in inflammatory bowel disease and
primary sclerosing cholangitis. Aliment Pharmacol Ther 2005;22:
783-8148.

Wolf JM, Rybicki LA, Lashner BA. The impact of ursodeoxycholic
acid on cancer, dysplasia and mortality in ulcerative colitis



18

S. Sebastian et al.

148.

149.

150.

151.

152.

153.

154.

155.

patients with primary sclerosing cholangitis. Aliment Pharmacol
Ther 2005;22(9):783-8.

Eaton JE, Silveira MG, Pardi DS, Sinakos E, Kowdley KV, Luketic
AV, et al. High-dose ursodeoxycholic acid is associated with the
development of colorectal neoplasia in patients with ulcerative
colitis and primary sclerosing cholangitis. Am J Gastroenterol
2011;106:1638-45.

Lindstrom L, Boberg KM, Wikman O, Friis-Liby |, Hultcrantz R,
Prytz H, et al. High dose ursodeoxycholic acid in primary
sclerosing cholangitis does not prevent colorectal neoplasia.
Aliment Pharmacol Ther 2012;35:451-7.

Jorgensen KK, Lindstrom L, Cvancarova M, Castedal M, Friman
S, Schrumpf E, et al. Colorectal neoplasia in patients with
primary sclerosing cholangitis undergoing liver transplanta-
tion: a Nordic multicenter study. Scand J Gastroenterol
2012;8-9(47):1021-9.

Olsson R, Boberg KM, de Muckadell OS, Lindgren S, Hultcrantz
R, Folvik G, et al. High-dose ursodeoxycholic acid in primary
sclerosing cholangitis: a 5-year multicenter, randomized,
controlled study. Gastroenterology 2005;129:1464-72.
Rudolph G, Gotthardt DN, Kloeters-Plachky P, Kulaksiz H,
Schirmacher P, Stiehl A. In PSC with colitis treated with UDCA,
most colonic carcinomas develop in the first years after the
start of treatment. Dig Dis Sci 2011;56(12):3624-30.

Ashraf I, Choudhary A, Arif M, Matteson ML, Hammad HT, Puli SR,
et al. Ursodeoxycholic acid in patients with ulcerative colitis and
primary sclerosing cholangitis for prevention of colon cancer; a
metaanalyis. Indian J Gastroenterol 2012;31(2):69-74.

Actis GC, Pellicano R, David E, Sapino A. Azathioprine, mucosal
healing in ulcerative colitis and the chemoprevention of colitis
cancer: a practice based forecast. Inflamm Allergy Drug
Targets 2010;9(1):6-9.

Actis GC, Fadda M, Pellicano R, David E, Rizzetto M, Sapino A. The
17 year single centre experience with the use of azathioprine to
maintain remission in ulcerative colitis. Biomed Pharmacother
2009;63:362-5.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Matuala S, Coorg V, ltzkowitz S, Harpaz N, Bodian C, Hossain S,
et al. Chemoprevention of colorectal neoplasia in ulcerative
colitis; the effect of 6-mercaptopurine. Clin Gastroenterol
Hepatol 2005;3(10):1015-21.

Lashner BA, Heidenreich PA, Su GL, Kane SV, Hanauer SB.
Effect of folate supplementation on the incidence of dysplasia
and cancer in chronic ulcerative colitis. A case—control study.
Gastroenterology 1989;97(2):255-9.

Bvan Schaik FD, van Oijen MG, Smeets HM, van der Heijden GJ,
Siersema PD, Oldenburg B. Thiopurines prevent advanced
colorectal neoplasia in patients with inflammatory bowel
disease. Gut 2012;61(2):235-40.

Carrat F, Seksik P, Bouvier AM, et al. Case—control study
nested in the CESAME cohort. Gastroenterology 2010:A255.
Lashner BA, Provencher KS, Seidner DL, Knesebeck A, Brzezinski
A. The effect of folic acid supplementation on the risk for cancer
or dysplasia in ulcerative colitis. Gastroenterology 1997;112(1):
29-32.

Biasco G, Zannoni U, Paganelli GM, Santucci R, Gionchetti P,
Rivolta G, et al. Folic acid supplementation and cell kinetics of
rectal mucosa in patients with ulcerative colitis. Cancer
Epidemiol Biomarkers Prev 1997;6:469-71.

Cho SJ, Kim JS, Kim JM, Lee JY, Jung HC, Song IS. Simvastatin
induces apoptosis in human colon cancer cells and in tumor
xenografts, and attenuates colitis associated colon cancer in
mice. Int J Cancer 2008;123:952-7.

Poynter JN, Gruber SB, Higgins PD, Almog R, Bonner JD,
Rennert HS, et al. Statins and the risk of colorectal cancer. N
Engl J Med 2005;352:2184-92.

Bonovas S, Filioussi K, Floedellis CR, Sitaras NM. Statins and the
risk of colorectal cancer: a meta-analysis of 18 studies involving
more than1.5 million patients. J Clin Oncol 2007;25:342—-3468.
Siegel CA, Sands BE. Risk factors for colorectal cancer in Crohn's
colitis: a case—control study. Inflamm Bowel Dis 2006;12(6):
491-6.



	Colorectal cancer in inflammatory bowel disease: Results of the 3rd ECCO pathogenesis scientific workshop (I)
	1. Introduction
	2. Epidemiology of colorectal cancer in IBD
	2.1. Methodological considerations
	2.2. Epidemiology of colorectal cancer in ulcerative colitis
	2.3. Epidemiology of colorectal cancer in Crohn's disease
	2.4. Colorectal cancer in indeterminate colitis

	3. Risk factors for CRC in patients with IBD
	3.1. Duration and extent
	3.2. Age of onset
	3.3. Primary sclerosing cholangitis
	3.4. Other risk factors

	4. The pathophysiology of colitis-associated cancer
	4.1. Regulatory signals in colitis-associated cancer (CAC)
	4.1.1. Toll-like receptors (TLRs)
	4.1.2. Cytokines
	4.1.2.1. Tumour necrosis factor-α
	4.1.2.2. Interleukin-6
	4.1.2.3. Interleukin-21

	4.1.3. Chemokines
	4.1.4. Negative regulators
	4.1.4.1. Interleukin-10
	4.1.4.2. Transforming growth factor-β
	4.1.4.3. Toll-IL-1R8
	4.1.4.4. Nuclear factor-κB
	4.1.4.5. Intestinal microbiota


	4.2. Molecular pathways of CAC
	4.3. The field effect

	5. Outcome of colorectal cancer in IBD
	6. Chemoprevention of colorectal cancer in IBD
	6.1. 5-Aminosalicylates
	6.2. Ursodeoxycholic acid
	6.3. Immunomodulators
	6.4. Folic acid
	6.5. Statins
	6.6. Chemoprevention in CD

	7. Conclusions and areas for future research
	Conflict of interest
	References


