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Abstract. Patients with long-standing ulcerative colitis and
Crohn’s disease have an increased risk of developing
colorectal cancer and patients with small intestinal Crohn’s
risk of small bowel
adenocarcinoma. Colorectal cancer appearing on the
ground of inflammatory bowel disease is the result of a
process which is believed to begin from no dysplasia
progressing to indefinite dysplasia, low-grade dysplasia,
high-grade dysplasia and finally to invasive adeno-
carcinoma, although colorectal cancer can arise without
proceeding through each of these steps. Ulcerative colitis
patients with total proctocolectomy and ileal pouch anal-
anastomosis have a rather low risk of dysplasia in the ileal
pouch, although the anal transition zone should be
monitored periodically, especially if chronic pouchitis is

disease are at increased

present with associated severe villous atrophy. Concerning
the risk factors predisposing to colorectal cancer in the
setting of ulcerative colitis or Crohn’s disease, it seems that
the risk increases with longer duration and greater anatomic
extent of colitis, the degree of inflammation, and the
presence of primary sclerosing cholangitis and family
history of colorectal cancer. Concerning the mechanisms of
carcinogenesis, it is now well established that the molecular
alterations responsible for sporadic colorectal cancer,
namely chromosomal instability, microsatellite instability
and hypermethylation, also play a role in colitis-associated
colon carcinogenesis. Chemoprevention strategies include
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the administration of agents such as aminosalicylates,
ursodeoxycholic acid, and possibly folic acid and statins, the
exact role of which remains to be further elucitated.

Colorectal cancer (CRC) can develop on the grounds of
inflammatory bowel disease (IBD), being the most common
cancer among such patients. The three most important high-
risk conditions for CRC are IBD and the hereditary
syndromes of familial adenomatous polyposis and hereditary
nonpolyposis colorectal cancer syndrome (1).

The aim of this review is to discuss the epidemiology, risk
factors and mechanisms of carcinogenesis in patients with
IBD under the light of the current literature. The topics
discussed are the epidemiological features of CRC in IBD,
the established predisposing to colon
carcinogenesis, and the molecular mechanisms involved in

risk factors

tumor development. Finally there is a brief discussion on the
promising role of chemical agents that are currently under
investigation in the prevention of CRC in patients with IBD.

Colorectal Cancer in IBD

Incidence of CRC in ulcerative colitis. The exact magnitude
of the risk of cancer in ulcerative colitis (UC) is difficult to
quantify due to biases and methodological errors. Early
estimates of CRC incidence complicating UC often included
a great proportion of patients who had more severe disease.
Later population-based studies included more patients with
left-sided disease or patients who had undergone colectomy
and may thereby underestimate the true risk. IBD-related
CRC is estimated to be responsible for less than 2% of all
CRC appearing annually. In general, the risk of CRC begins
to increase 8 or 10 years after the establishment of diagnosis
(2-7). Depending on the study and country, the risk of
developing CRC in patients with UC fluctuates between 0.9
to 8.8-fold and between 0.8 and 23-fold in patients with
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pancolitis. Eaden et al. pooled the results of 116 studies
involving almost 55,000 patients with UC (3). In this cohort
of patients, 1,700 CRC were diagnosed. The probability of
developing CRC 10 years after diagnosis was 2% , reaching
the level of 8% after 20 years and 18% after 30 years (3).

It has been reported that in some countries, patients with
UC have not been found to be at increased risk of CRC
development. A Danish population-based cohort reported
that the cumulative probability of CRC was 0.4% after 10
years, 1.1% after 20 years, and 3.1% at 30 years after a UC
diagnosis (4). The calculated lifetime risk for development
of CRC was 3.5% for UC patients compared with 3.7% for
the Danish population. Nevertheless these results must be
interpreted with caution. The low rate of CRC development
could be related to the high rates of proctocolectomy (24%
after 10 years and 32.4% after 25 years) reported in this
country (4). Moreover, the systematic use of maintenance
treatment with 5-ASA and the high rates of surveillance
colonoscopy with proctocolectomy for dysplasia could all be
important factors in reducing the incidence of CRC (5).

According to a recent analysis the risk of CRC has
decreased over time in patients with UC, despite the low
frequency of colectomies (6). The authors reported that the
crude annual incidence rate of CRC in UC ranges from
approximately 0.06% to 0.16% with a relative risk of 1.0-2.75.

The reduction in the incidence of CRC in UC patients may
partly be explained by the more widespread use of
maintenance therapy with 5-ASA compounds and surveillance
colonoscopy (6).

Incidence of CRC in Crohn’s disease. Studies on the
incidence of CRC in Crohn’s disease (CD) showed no
statistically significant increase in cancer risk, probably due
to the inclusion of all patients with CD irrespectively of the
extent and duration of disease (8).

However, when patients with longstanding Crohn’s colitis
are considered, the risk of CRC is similar between Crohn’s
colitis and UC (9).

In a study from Denmark, no increase in the risk of CRC
was found, either in the total group of patients or in patients
with colonic CD exclusively, possibly due to maintenance
treatment with 5-ASA preparations and early surgery in
treatment failure (10).

In a meta-analysis of 34 studies involving 60,122 patients
with CD, the relative risk for CRC was 2.59 and the relative
risk for small bowel carcinoma was 28.4. In the same meta-
analysis it was reported that the risk for CRC was higher in
the USA and UK compared to Scandinavian countries with
no evidence of temporal changes in the cancer incidence (11).
It seems therefore that patients with extensive disease that has
been present from a young age must be submitted to
endoscopic surveillance. In another population-based study,
it was found that the risk for CRC among patients with both
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UC and Crohn’s colitis was approximately 2- to 3-fold
greater than the general population and that the risk of rectal
cancer was increased 2-fold in UC but not in Crohn’s colitis
(12). In the subgroup analysis of data patients with CD had
an increased risk of colon cancer (relative risk 2.59) but not
of rectal cancer (relative risk, 1.46). A significant association
between the anatomic location of the diseased bowel and the
risk of cancer in that segment was noticed. Patients who have
only had small intestinal CD without colonic involvement are
not considered to be at high risk for CRC.

Incidence of small bowel cancer in CD. The factors
predisposing to small bowel carcinoma in CD patients are
poorly defined, although strictured mucosa and fistulae might
be involved (12-15). The risk of developing adenocarcinoma
in the small intestine of patients with small bowel CD is
increased, being approximately 10-12-fold greater than for the
general population (16). According to other estimations, the
risk is significantly increased (more than 60-fold),
independently of age and gender. In a relevant study (17), one
case of small bowel cancer was observed, compared with 0.3
expected cases. In another study, two cases were observed
compared with 0.04 expected cases (50-fold increased
occurrence) (18). In the UK, a 10-fold increased relative risk
was observed (19). A Swedish study revealed a significantly
increased number of small bowel cancer cases although the
occurrence of CRC was not increased (20). Finally, a Canadian
study also demonstrated an increased incidence of small bowel
cancer (7). It must be emphasized however, that there are
studies in which none of the patients developed cancer of the
small intestine (10).

It could be argued that the risk for cancer in Crohn’s
colitis is equal to that in UC given equal extent and duration
of disease (21).

Patients with ileoanal pouch anastomosis for ulcerative
colitis. Patients with UC who have undergone
proctocolectomy with ileal pouch anal anastomosis have a
very small risk of dysplasia in the mucosa of the pouch itself.
The risk is probably higher in patients with chronic pouchitis
and associated severe villous atrophy (22), although opposite
findings have been published (23). In a study involving 160
patients with an average surveillance time of 8.4 years, it was
noticed that in 1,800 pouch-years of surveillance, only one
patient developed low-grade dysplasia in the pouch (24). The
risk of cancer is greater in the anal transitional mucosa
between the pouch and the anal canal, particularly if a cuff of
rectal mucosa has been left, and if the indications for the
ileoanal pouch anastomosis were rectal dysplasia or cancer
(25). However, opposite results have been published. In a
relevant study ileal-pouch mucosal dysplasia was found to
be uncommon, occurring in only 1 of 138 patients (26).
Villous atrophy and colonic metaplasia were not observed.



Triantafillidis et al: CRC and IBD (Review)

It is believed that a program of periodic endoscopy with
biopsies could be of value in patients with chronic pouchitis
and severe villous atrophy or patients in whom the primary
indication for ileoanal pouch anastomosis was dysplasia or
cancer.

Risk Factors Associated with
Increased CRC in UC

Inflammation. Inflammation is an important risk factor for
the development of CRC, and severity of inflammation has
been directly linked to CRC risk (27). The epidemiological
data clearly support this assumption. It is generally accepted
that there is a strong link between endoscopic or histologic
score of inflammation and CRC or dysplasia. Increased risk
has also been linked to postinflammatory polyps and
strictures, while macroscopically normal colon is not
associated with neoplastic risk (28). In a recent study, a
significant  association between inflammation and
progression to advanced neoplasia was demonstrated (29).
The hypothesis that inflammation predisposes cancer
development is further supported by the fact that CRC risk
increases with longer duration of colitis, greater extent of
colitis, the concomitant presence of other inflammatory
manifestations such as primary sclerosing cholangitis, and
the fact that certain drugs used to treat inflammation may
prevent the development of CRC.

Concerning the mechanisms of carcinogenesis, it has been
hypothesized that inflammation results in neoplastic
transformation by enhancing epithelial cell turnover in the
colonic mucosa. Mucosal biopsies from patients with UC
demonstrate higher rates of mitosis and apoptosis, especially
in areas of active inflammation. On the other hand mutagenic
assault and sustained DNA damage appear to drive the whole
process. Several inflammation-associated genes such as
cyclooxygenase-2, nitric oxide synthase-2 and the interferon-
inducible gene 1-8U are increased in inflamed mucosa and
remain elevated in colonic neoplasms (30). Toll-like receptor4
(TLR4) signalling is critical for colon carcinogenesis in
chronic colitis. A recent study revealed that TLR4 is
overexpressed in human and murine inflammation-associated
colorectal neoplasia and that TLR4-deficient mice were
protected from colon carcinogenesis. TLR4 activation appears
to promote the development of colitis-associated CRC by
enhancement of Cox-2 expression and increased EGFR
signalling (31). Altered expression of intestinal epithelial tight
junction proteins might contribute to neoplastic progression.

It has been reported that claudin-1 and claudin-2
expression is elevated in active IBD. Claudin-1 and claudin-
2 expression correlate positively with inflammatory activity.
Beta-catenin is also activated in IBD. Beta-catenin
transcriptional activity is elevated in chronic injury and this
may contribute to increased claudin-1 and claudin-2

expression. Thus increased claudin-1 and -2 expression may
be involved at the early stages of transformation in IBD-
associated neoplasia (33).

Oxidative stress. Oxidative stress and oxidative cellular damage
are important features of UC. The activities of phagocytic
leukocytes are increased in UC patients, resulting in enhanced
generation of pro-oxidant molecules. Oxidative stress in
inflamed tissue can pave the way for malignant tumors (34)
and nitric oxide may contribute to the pathogenesis of CRC
(35). Enhanced formation of 8-nitroguanine, representative of
nitrative damage to nucleobases, has been detected in
manyinflammatory conditions including IBD.

Cytokines. It is now becoming clear that cytokines and growth
factors released during inflammation may influence the
carcinogenesis process. Interleukin-6 and -23, which play key
roles in the induction and maintenance of gut inflammation in
IBD, have been recently shown to influence the development
and growth of colitis-associated CRC (36, 37).

Nuclear factor-kappaB (NF-KB) regulates the expression
of various cytokines and modulates the inflammatory
processes in IBD (38). Actually, several lines of evidence
suggest that activation of NF-KB may cause cancer. It has
been observed that NF-KB genes can be oncogenes, and that
NF-kB controls apoptosis, cell-cycle progression and
proliferation, and cell differentiation (39).

Tumor necrosis factor-alpha (TNF-o) promotes cancer
development through induction of gene mutations. It has
been shown that TNF-alpha treatment in cultured cells
resulted in increased gene mutations, gene amplification,
micronuclei formation, and chromosomal instability (40).
TNF-alpha can cause DNA damage through reactive oxygen
species and could lead to increased malignant transformation
of mouse embryo fibroblasts.

Duration of UC. Duration of UC is among the most
important risk factors for CRC development. Retrospective
data show a 5.4% CRC incidence rate among patients with
pancolitis. In a cohort of patients with IBD for whom the
median time from diagnosis of IBD to CRC was 17 years,
21% of the tumors developed before 10 years of disease
(41). This observation must be taken into account when
planning a surveillance programm for patients with UC.

Extent of UC. Extent of colitis is an independent risk factor
for the development of CRC. The more colonic surface that
is involved with colitis the greater the CRC risk. Patients
with proctitis had a 70% higher risk than that expected in
the general population. A meta-analysis showed that the
prevalence of CRC among patients with extensive UC was
54% (42), although there are no unified criteria concerning
“extent of colitis” as different studies have used different
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radiologic, endoscopic and histological criteria. It is
suggested that histological detection of extent of colitis is
probably the most important element that must be taken into
account when estimating the risk of CRC development.

Other factors. Other factors that have shown to contribute to
CRC development include family history of CRC, smoking,
and the presence of pseudopolyps, primary sclerosing
cholangitis and backwash ileitis (43-45).

A family history of CRC increases the risk of CRC by at least
two-fold as compared to patients with UC without positive
family history for CRC. The positive family history of CRC
remained independently associated with CRC risk even after
controlling for variables such as primary sclerosing cholangitis,
surveillance colonoscopy, presence of pseudopolyps, mesalazine
therapy and use of NSAIDs (46, 47).

Primary sclerosing cholangitis (PSC) appearing on the
ground of UC increases the risk of CRC by 4.8-fold compared
with patients with UC without PSC. Patients with PSC-IBD
are at especially high risk for CRC and dysplasia. Therefore,
patients with PSC-IBD should be enrolled in colonoscopic
surveillance program regardless of UC duration (48, 49).

Other risk factors such as backwash ileitis (50) and young
age at diagnosis have been implicated although their exact
role remains to be determined. For young age at diagnosis, a
meta-analysis suggested that the overall annual incidence
rate of 0.6% in studies restricted to pediatric patients was
only numerically higher than that calculated for adults
(0.3%) (3). Some authors suggest that younger age at UC
onset is an independent risk factor.

Smoking reduces the risk of CRC in UC by 50% but
increases the risk of CRC in CD 4-fold, perhaps reflecting
the opposite effect smoking has on inflammation in each
disease (42).

Pseudopolyps increase the risk of CRC in UC by 2.5-fold
perhaps either as a marker of more severe inflammation in
the past, or because they may obscure the sensitivity of
surveillance colonoscopy (43).

Clinical characteristics of CRC arising on the ground of UC and
CD (colitis associated CRC). Colitis-associated CRC arising in
patients with IBD has several distinguishing clinical features
compared with sporadic CRC. It usually affects individuals at a
younger age than the general population and demonstrates a
more proximal distribution in the colon. There is also a higher
rate of two or more synchronous primary CRCs. Colitis-
associated CRC progresses to invasive adenocarcinoma from flat
and nonpolypoid dysplasia more frequently than sporadic CRC.
An hMSH?2 mutation could be more frequent in UC patients who
developed high-grade dysplasia and cancer than in those who
did not. Colitis-associated CRC more often have a higher
proportion of mucinous and signet ring cell histology and there
is background of chronic inflammation in colitis (42).
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It has been suggested that telomere shortening is
implicated in cancer and aging and might link these two
biologic events. An elegant study revealed that colonocyte
telomeres shorten with age almost twice as rapidly in UC
patients as in normal controls and that this shortening occurs
within approximately 8 years of disease duration (51).
Gamma-H2AX intensity is higher in colonocytes of UC
patients than in controls and is not dependent on age or
telomere length. Shortening of telomeres might explain the
increased and earlier risk of CRC in UC.

Concerning CD, it seems that it worsens the prognosis of
CRC particularly in cases with regional spread. Patients with
CRC developing on the ground of CD are usually younger
although the stage of CRC does not differ.

Dysplasia in UC

The incidence of dysplasia in UC is difficult to determine
and varies significantly in different studies. In a relevant
study the cumulative probability of developing dysplasia or
CRC was 7.7% at 20 years and 15.8% at 30 years (52). In
a meta-analysis the cancer incidence was 14 of 1,000 person-
years’ duration and the incidence of any advanced lesion was
30 of 1,000 person-years’ duration. When low-grade
dysplasia is detected on surveillance there is a 9-fold risk of
developing cancer and 12-fold risk of developing any
advanced lesion (53). Among patients with low-grade
dysplasia who undergo immediate colectomy, 19% will
already harbor concurrent CRC or high-grade dysplasia and
29% -54% will develop advanced neoplasia over the next 5
years (54, 55). High-grade dysplasia carries a 43% risk of
synchronous malignancy (56).

Dysplasia arising on the grounds of UC is usually patchy
and it may precede the development of carcinoma. Flat
dysplasia is detected microscopically in random biopsies
from “normal” mucosa. Its detection therefore depends on
adequate sampling, or chromoendoscopy which highlights
suspicious lesions thus permitting targeted biopsies.

The management of patients with dysplasia and IBD depends
on the degree of dysplasia. A patient with multifocal flat low-
grade dysplasia or repetitive flat low-grade dysplasia should be
encouraged to undergo prophylactic proctocolectomy.

Disease;associated lesion or mass (DALM). DALM is an
important endoscopic finding in patients with UC. A 40%
possibility for the lesion to be a carcinoma has been reported
and the possibility increases if the dysplasia is of high
degree. DALM is an indication for colectomy irrespective of
the grade of dysplasia in preoperative biopsies. However, not
all types of polypoid dysplasia in patients with IBD carry the
same significance. Some polyps may be adenomatous polyps
unrelated to colitis and can be managed by endoscopic
polypectomy (57).



Triantafillidis et al: CRC and IBD (Review)

Molecular pathogenesis of sporadic CRC. Sporadic CRC
arises as a result of genomic instability. The two main types
of genomic instability contributing to colon carcinogenesis are
chromosomal instability (CIN) and microsatellite instability
(MSI), accounting for 85 and 15% of sporadic CRC,
respectively. The importance of the global genomic status
(MSI status and CIN status) and epigenomic status [CpG
island methylator phenotype (CIMP) status] in CRC seems to
be very high because it could characterize the clinical,
pathological and biological characteristics of CRC (58).

CIN results in abnormal segregation of chromosomes and
aneuploidy. As a result, loss of chromosomal material often
occurs, such as APC and p53. Loss of APC function is an
early event in sporadic CRC pathogenesis. The great
majority of all sporadic CRC show loss of APC function,
usually through protein truncation or allelic loss. Among the
15% of colon carcinomas that retain wild-type APC, point
mutations have been found in 3-catenin that change one of
the four serine/threonine residues in the N-terminus.
These mutations thus render [-catenin refractory to
phosphorylation by glycogen synthase kinase-3b, increasing
free P-catenin levels. CIN is associated with a worse
prognosis in CRC, and should be evaluated as a prognostic
marker, together with MSI status, in all clinical trials (59).

Once a sporadic adenoma forms, induction of k-ras
oncogene and loss of function of tumor suppressor genes on
chromosome 18q in the region of the deletion in colon
cancer (DCC) and in pancreatic cancer (DPC4) genes occur.
Loss of p53 gene function occurs late and is believed to be
the defining event that drives the adenoma to carcinoma.

The MSI pathway involves the primary loss of function of
genes (WMSH2, hMLHI, hPMS1, hPMS2, hMSH6, hMLH3)
that repair DNA base-pair mismatches. DNA mismatch
repair deficiency results in strong mutator phenotype and
MSI. MSI is characterized by length alterations within
simple repeated sequences, microsatellites. Cancers with
MSI exhibit many differences in genotype and phenotype
relative to cancers without MSI, irrespective of their
hereditary or sporadic origins (60).

Epigenetic alterations can also contribute to altered gene
expression in colon carcinogenesis. The CpG island
methylator phenotype occurs when cytosines in the promoter
region of genes become extensively methylated. A number
of human cancer genes that contain hypermethylation of
promoter CpG islands have been identified including AMLH,
and E-cadherin (61).

Molecular pathogenesis of colitis-associated CRC. Whereas
adenomatous polyps are considered to be the major precursor
of sporadic CRC, Colitis-associated CRC involves the
development of epithelial dysplasia. The major carcinogenic
pathways that lead to sporadic CRC, namely CIN, MIN, and
hypermethylation, also occur in colitis-associated CRC (62,

63). The neoplastic transformation in IBD is thought to be
similar to the adenoma-carcinoma sequence in sporadic
CRC. However, unlike sporadic CRC in colitic mucosa, it is
not unusual for dysplasia or cancer to be multifocal.

CIN and MSI in colitis-associated CRC appeared with the
same frequency (85% CIN, 15% MSI) as in sporadic CRC
(64-66). Distinguishing features of colitis-associated CRC,
however, are differences in the timing and frequency of these
alterations. For example, APC loss of function, considered
to be a very common early event in SCC, is much less
frequent and usually occurs late in the colitis-associated
dysplasia-carcinoma sequence. Conversely, p53 mutations in
sporadic CRC usually occur late in the adenoma-carcinoma
sequence, whereas in patients with colitis, p53 mutations
occur early and are often detected in mucosa that is non-
dysplastic or indefinite for dysplasia. The carcinogenesis
process in UC-associated CRC is associated with the MSI
pathway through TGFSRII mutation by a dysfunction of the
mismatch repair system (67).

CIN is the most frequent form of genomic instability in
colitis-associated cancers. Monosomies and polysomies are
frequently conserved between non-dysplastic and dysplastic
epithelium, and between dysplasia and cancer. Several studies
revealed an increasing frequency of chromosome losses or
gains from non-dysplastic epithelia to dysplasia and carcinoma.
No chromosomal anomalies were detected in UC patients at
low risk for carcinoma development. CIN is an early event in
the progression to colitis-associated CRC, and may contribute
to widespread aneuploidy and eventually dysplasia.

The frequency of MIN in colitis-associated CRC
fluctuates between 8 and 21% while in dysplastic regions its
frequency fluctuates between 13 to 19% . It must be
emphasized that MIN could also be detected in inflamed and
regenerative epithelia. The relatively high frequency of MIN
in non-dysplastic, inflamed epithelia suggests that MIN may
be associated with chronic inflammation and oxidative stress.

Methylation is an important mechanism contributing to the
genetic alterations in colitis-associated CRC. Methylation of
CpG islands in several genes seems to precede dysplasia and is
more widespread throughout the mucosa of UC patients (68).

Aneuploidy in UC. Usually measured by flow-cytometry on
fresh biopsies, aneuploidy occurs in approximately 33% of
patients with long-standing UC. Aneuploidy correlates
directly to dysplasia; 20-50% of dysplastic lesions and 50-
90% of cancers demonstrate aneuploidy (69). Aneuploidy
although seems to be a useful marker for developing
neoplastic lesions, may not be universally present and may
not be necessary for progression to cancer.

Regions of aneuploidy in the large bowel of UC patients
are frequently associated with dysplasia, and precede the
appearance of histological changes. Aneuploidy is more
frequent in patients with disease duration of more than 10
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years, but aneuploidy has also been detected in colon
samples of patients not though to be at risk for developing
colorectal neoplasia (70).

Despite the usefulness of flow-cytometry in assessing
patients with IBD, it is not universally applied in the follow-
up of patients with long-standing UC, probably because the
method is not available everywhere.

Tumor suppressor gene alteration in colitis-associated CRC
and dysplasia. A genetic and epigenetic model, involving both
the activation of oncogenes such as ras and the inactivation of
tumor suppressor genes such as APC and p53 in the
development of the majority of CRC has been proposed (71).

The frequency and timing of occurrence of these genetic
alterations differ remarkably in sporadic CRC and colitis-
associated CRC.

P53 oncogene. p53 protein accumulation, which is associated
with p53 mutation as well as wild-type p53 overexpression,
is frequently detected in UC dysplasia and carcinoma (69).
p53 alterations have also been detected in non-dysplastic,
regenerative epithelium and precede the development of UC-
associated dysplasia and carcinoma. p53 allelic loss was
observed in nearly 70% of CRC and 45% of dysplastic
lesions. Almost 70% of colitis-associated CRC and 20% of
dysplastic lesions analyzed contained p53 mutations. The
percentage of p53 mutation-containing samples is increasing
with the morphological progression to carcinoma.

Rb tumor suppressor gene. The tumor suppressor gene Rb is
often mutated or lost in epithelial tumors. Rb loss of
heterozygosity (LOH) was detected in 25% of UC patients
with carcinoma, DALM, or dysplasia. Overall, Rb LOH has
been observed in 30% of colitis-associated CRC and 20% of
dysplasias studied. (72). Studies of the pl/6 locus (9p21)
showed a high rate of p/6 loss in dysplasias as well as in
inflamed epithelia and adjacent normal epithelia. Methylation
of the p16 promoter has been observed in 75% of dysplastic
or cancerous lesions. Alterations of p/6 may be important
early markers of carcinogenic progression in UC patients.

APC protooncogene. Mutant APC proteins have been
detected in 17% of UC-associated dysplasia- or carcinoma-
bearing patients (73). Nearly 30% of dysplastic lesions and
59% of cancers exhibited APC LOH. In contrast to sporadic
CRC carcinogenesis, APC alteration is a relatively late event
in the dysplasia sequence and occurs in a subset of UC-
associated colorectal carcinomas (73).

Deleted in colon cancer tumor suppressor gene (DCC).
Losses at chromosome 18q are relatively rare events during
UC-associated carcinogenesis (74). LOH of 18q, the site of
the putative DCC was observed in 12% of cancers and 33%
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of the dysplasia lesions, and was not detected in non-
dysplastic, inflamed epithelia.

K-ras oncogene. Studies indicated a lower but significant
frequency of K-ras mutation (75). Overall, K-ras mutation
was detected in 24% of UC-associated lesions. K-ras
mutation seems to play a significant role in the later stages of
UC-associated carcinogenesis.

Mismatch repair genes. Alterations in mismatch repair genes
may contribute to the MIN* subset of UC-associated
carcinomas (76).

CARD2/NOD2 may be a genetic factor that predispose to
sporadic CRC. The type A (estrogen receptor) occurs as a
function of age and is found on normal colon and CRC. Type
G however is cancer associated and leads to silencing of
genes such as hMLHI, pl16 and pl4. Fujii et al. using
methylation specific PCR found methylation of the OR gene
in 77% of non-neoplastic epithelium in UC with neoplasia,
but only in 24% without neoplasia (77). Analysis of OR
gene methylation could be a marker for identifying patients
at risk for developing CRC.

In summary, genetic instability in the stroma, especially
regarding tumor suppressor gene markers, may play an
important role in early-phase, UC-associated tumorigenesis
(78). To date, only four molecular markers named
aneuploidy, p53, MSI, and mucin-associated sial-Tn antigen,
have been evaluated. However, there is potential for
molecular diagnostics to enhance the management of patients
with long-standing IBD (63). Olliner et al. described 699
genes exhibiting altered expression with dysplasia
development, by using microarrays in UC patients without
dysplasia, UC with DALM, and UC with adenocarcinoma
(79), thus emphasizing the difficulties in applying these
alterations in everyday clinical practice.

Normal bacteria flora in colitis-associated CRC. Although
the mechanisms of bacteria-induced carcinogenesis remain
unclear, it is well established that the normal bacterial flora
is a prerequisite for the development of inflammation and
inflammation-related CRC and that bacterial flora potentiates
tumor formation independently of inflammation (80).

Specific bacterial infection promotes colonic tumor
formation in genetically susceptible mice. Unusual bacterial
infection might be associated with CRC (80). The capacity
of bacteria flora to cause inflammation and cancer depends
on the activity of many constituents of the flora rather than
on a single species. This capacity might be enhanced or
reduced as a result of significant changes in the species
diversity and abundance within the flora.

However, no human counterparts of the critical defects
artificially created in rodents have been identified. It is
plausible that the defects or polymorphisms of human genes
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could in collaboration with a normal bacterial flora lead to
cancer in a patient over a period of decades.

Chemoprevention of colitis-associated CRC. Chemoprevention
refers to the use of natural or synthetic chemical agents to
reverse, suppress or delay the process of carcinogenesis.
Generally, data on chemoprevention on patients with long-
standind UC are not clearly definitive, referring to either
retrospective case-control or cohort studies.

The agents studied so far, are analyzed below.

Aspirin and NSAIDs. Aspirin and other NSAIDs markedly
reduce the incidence of and mortality from sporadic CRC. Since
many patients with IBD take NSAIDs in the form of 5-ASA it
would be possible that aminosalicylates might also be protective
the available data suggest that this may be so (43).

Folic acid. In the setting of sporadic CRC, low folate intake
has been associated with an increased risk for developing
CRC and colon adenomas. Concerning the role of folic acid
on colon carcinogenesis in patients with UC a beneficial
effect albeit insignificant has consistently been demonstrated
in all studies. It is of interest that folic acid also seems to
exert also a protective effect on patients with UC and
concomitant primary sclerosing cholangitis.

The mechanism of action is possibly related to
maintainance of the normal DNA methylation process and
the steady-state levels of DNA precursors (81). It has been
reported that in IBD patients with normal homocysteinemia,
the increase in carcinogenic risk is negligible. Conversely, in
patients with hyperhomocysteinemia, folate deficiency may
be associated with increased colorectal carcinogenesis in
IBD patients (82). Since folic acid is quite safe and
inexpensive, the administration of this compound should be
considered for CRC risk reduction in patients with
longstanding IBD.

Ursodeoxycholic acid (UDCA). In animal models of colon
carcinogenesis, UDCA inhibits carcinogenesis. This effect
could be due to reduction of colonic concentration of the
secondary bile acid deoxycholic acid (83). UDCA also has
antioxidant effect. A study performed on UC patients with
concomitant primary sclerosing cholangitis demonstrated that
UDCA use was associated with decreased prevalence of
colonic dysplasia (84). UDCA use was associated with a
significant protection against the development of dysplasia and
cancer. However, it is not clear whether UDCA can prevent
neoplastic progression in UC patients without primary
sclerosing cholangitis (85,86). In UC patients with primary
sclerosing cholangitis, UDCA did not reduce the risk of
developing cancer or dysplasia (87). However, UDCA may
reduce mortality. UDCA may prevent further progression of
manifest low-grade dysplasia in colorectal IBD. It seems that

prolonged treatment or an increased dose may be needed to
fully exploit the chemopreventive properties of this compound.

Immunomodulators. There are insufficient data regarding the
chemopreventive role of immunomodulators in CRC
development in IBD patients. There is no recommendation
on whether patients who require immunomodulator therapy
should continue their 5-ASA therapies. It seems that
treatment with 6-mercaptopurine is not chemopreventive
(88). No reduction in the risk of dysplasia or CRC could be
anticipated by the use of immunosuppressants. In UC
patients with no initial history of dysplasia, 6MP/AZA use
appears to have little or no effect on the rate of neoplastic
transformation in the colon.

Recent observations identified TNF-o as a crucial
mediator of the initiation and progression of colitis-
associated CRC. In an experimental study (89), the authors
noticed that treating wild-type mice with azoxymethane and
dextran sulfate sodium resulted in increase of TNF-a
expression and the number of infiltrating leukocytes
expressing the receptor p55 (TNF-Rp55) in the lamina
propria and submucosal regions of the colon. Consequently,
multiple colonic tumors developed. Mice lacking TNF-Rp55
and treated with azoxymethane and dextran sulfate sodium
showed reduced mucosal damage, reduced infiltration of
macrophages and neutrophils, and attenuated subsequent
tumor formation. Furthermore, administration of etanercept,
a TNF-a antagonist, to wild-type mice after treatment with
azoxymethane and dextran sulfate sodium markedly reduced
the number and size of tumors and reduced colonic
infiltration by neutrophils and macrophages. This suggests
that targeting TNF-a may be useful in treating CRC in
patients with UC. This assumption, however, contrasts with
the fear of gastroenterologists concerning the development
of lymphomas and other solid tumors in patients with IBD
receiving biological agents for a long period of time.

Calcium. Limited data concerning the influence of calcium
on the CRC development in patients with UC exist. No
conclusions can be drawn from the data. Although there are
indications suggesting that calcium supplementation might
prevent the formation of colorectal adenomatous polyps, this
does not constitute sufficient evidence to recommend the
general use of calcium supplements to prevent CRC (90).

Statins. Again, there are limited data concerning the role of
statins on CRC development. In a population-based case-
control study of patients who had diagnosis of CRC in
northern Israel between 1998 and 2004, 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 a small
number of patients (91).
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There are however, experimental studies describing
encouraging results. Treatment with fluvastatin in mice with
UC resulted in a reduction of colitis and carcinogenesis,
shown by inhibition of the decrease in colorectal length and
the incidence of colorectal dysplasia, with a reduction in anti-
8-hydroxy-2’-deoxyguanosine antibody (a biological marker
of in vivo oxidative DNA damage)-positive cells of the
colorectal mucosa and the activity of the DNA-synthesizing
enzyme thymidine kinase in colorectal tissues (92).

In an experimental colitis-associated CRC model,
simvastatin significantly reduced tumor development by
induction of apoptosis and suppression of angiogenesis. In
the xenograft model, tumors from animals treated with
simvastatin had smaller volumes, larger necrotic areas, lower
expression of VEGF and higher apoptotic scores (93). All
the available experimental evidence suggests that statins
could be a potential chemopreventive and therapeutic agent
for colitis-associated CRC. However, further clinical studies
for a long period of time are needed in order to clarify the
role of statins in the prevention of CRC in man.

Mesalamine. Most of the available studies support the use of
mesalazine for the prevention of UC-related CRC. A dose of at
least 1.2 g/d is most likely to be effective (94). Concerning the
mode of action of 5-ASA, the drug seems to decrease the
inflammation, block the transcription of NF KB by up-
regulating or stabilizing its natural inhibitor IKB, and induces
apoptosis. Moreover, it seems to have antiproliferative effects
on human colon cancer cell lines, it has a significant antioxidant
effect and causes reduction of aberrant crypt foci (43).

Corticosteroids. There are a small number of studies on
corticosteroid usage, some of which have found a beneficial
effect, on occasions the difference being statistically
significant. However, due to serious adverse effects,
corticosteroids should not be prescribed for this indication
(43). No relevant studies are available for budesonide.

Conclusion

IBD clearly predisposes to CRC development although the
risk differs in different parts of the world. Cancer follows the
sequence of no dysplasia, indefinite dysplasia, low-grade
dysplasia, high-grade dysplasia and carcinoma. Low-grade
dysplasia can progress to CRC without the intermediate stage
of high-grade dysplasia. Similar to sporadic CRC, colitis-
associated CRC is a consequence of sequential episodes of
somatic genetic mutation and clonal expansion. In IBD,
neoplastic lesions arise within areas of the mucosa that have
been involved with colonic inflammation. However, in some
countries, including Greece, the incidence of CRC in patients
with IBD appears to be relatively low. A balance between
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cell proliferation and apoptosis may partly explain this
epidemiological feature. Knowledge of the mechanisms of
carcinogenesis could identify patients at high risk for
development of CRC. In the near future, some
chemopreventive agents could play a role in reducing the
incidence of CRC in IBD patients. The future looks
promising with respect to new developments in the
management of cancer risk in IBD.
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