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Abstract
Patients with inflammatory bowel disease (IBD) are at increased risk for developing colorectal cancer (CRC), although the overall incidence of CRC-associated IBD has been diminishing in recent decades in western countries. As demonstrated in previous studies, the risk of CRC in IBD increases with longer duration, extent of colitis, a familial history of CRC, coexistent primary sclerosing cholangitis, and the degree of inflammation. The pathogenesis of CRC in IBD is poorly understood. Similar to sporadic CRC, CRC associated with IBD is a consequence of sequential episodes of genomic alteration. Multiple inter-related pathways, including immune response by mucosal inflammatory mediators, oxidative stress, and intestinal microbiota, are also involved the pathogenesis of CRC associated with IBD. Continuing colonic inflammation appears to be a factor in the development of CRC; therefore, anti-inflammatory agents such as 5-aminosalicylate compounds and immune modulators have been considered as potential chemopreventive agents. Colonoscopic surveillance is widely accepted as being effective in reducing the risk of CRC associated with IBD, although no clear evidence has confirmed that surveillance colonoscopy prolongs survival in patients with extensive colitis. The traditional recommendation has been quadrantic random biopsies throughout the entire colon; however, several guidelines now have endorsed chromoendoscopy with a target biopsy because of increasing diagnostic yields and reduced workloads for endoscopists and pathologists. New technologies such as narrow band imaging, confocal endomicroscopy, and autofluorescence imaging have not yet been confirmed as surveillance strategies in IBD.
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INTRODUCTION
Inflammatory bowel disease (IBD) is widely accepted as one of the important risk factors leading to colorectal cancer (CRC). IBD ranks as the third highest risk condition for CRC, behind only familial adenomatous polyposis (FAP) and hereditary nonpolyposis colorectal cancer syndrome (HNPCC)[1]. In fact, CRC accounts for one sixth of ulcerative colitis-related deaths[2]. 
 Recently, a large nationwide Japanese study reported poorer survival for patients with ulcerative colitis (UC)-associated CRC than with sporadic CRC in the advanced stage. In addition, UC-associated CRC tended to be of higher histologic grade, such as mucinous or signet ring cell type, and had a greater multiplicity in number when compared to sporadic CRC[3]. This finding is similar to results reported in the large-scale nationwide population-based Danish study[4], where the overall mortality rate ratio for UC-associated CRC patients compared with sporadic CRC patients was 1.24 (95%CI: 1.02-1.51) in the first year and 1.17 (95%CI: 1.01-1.36) after 5 years of follow-up. Therefore, identifying the at-risk patients and carrying out appropriate preventions such as chemoprevention or surveillance for these patients is of great importance in managing the CRC risk in IBD. 
This review discusses the established risk factors, pathogenesis, and prevention and diagnosis of colon carcinogenesis in patients with IBD. 

RISK FACTORS
The most important and well-recognized risk factors identified for IBD-associated CRC are disease duration and extent. The meta-analysis by Eaden et al[5], which included 116 studies from a wide array of centers and geographic sites, was one of several milestones in establishing the incidence and cumulative risk of UC associated CRC. This global meta-analysis reported that the incidence, which measures risk over time, was 0.3% per year, or 3 cases of CRC per 1000 patient-years of follow up. Based on long term follow up in a subset of studies included in the meta-analysis, the cumulative risk of CRC in patients with left-sided disease or pancolitis was estimated at 1.6% at 10 years, 8.3% at 20 years, and 18.4% at 30 years after the development of UC. However, the more recently published population studies demonstrated contradictory results (Table 1). A Danish population-based cohort study reported that the cumulative probability of CRC was 0.4% at 10 years, 1.1% at 20 years, and 2.1% at 30 years after the development of UC[6]. However, these results must be interpreted with caution because they reported high rates of proctocolectomy. Apart from this, several large studies from Hungary, the United Kingdom, and Sweden reported the cumulative risk of CRC in UC as 0.6-1.5% at 10 years, 2.5-5.4% at 20 years, and 7.5-10.8% at 30 years; these studies suggest a low incidence rate of CRC. Recently, a nationwide Korean study involving 7061 patients with UC reported an estimated cumulative risk of ulcerative colitis-associated colorectal cancer of 0.7% at 10 years, 7.9% at 20 years, and 33.2% at 30 years [7]. These results were comparable to Eaden’s meta-analysis[5]. 
This discrepancy between Western and Asian studies is thought to arise for several reasons. The incidence of ulcerative colitis seems to have reached a plateau in Western countries; thus, colitic cancer development may also be at a steady state or else decreasing[8]. However, in Asian countries, ulcerative colitis is still increasing; therefore, the occurrence of colitis cancer is also anticipated to increase. A meta-analysis of 12 published articles by Cavanan et al[9] reported that the cumulative risk for patients with Crohn’s disease (CD) was 2.9% at 10 years, 5.6% at 20 years, and 8.3% at 30 years after the CD diagnosis. This study showed that cumulative risk of developing colorectal cancer, once diagnosed with CD, is comparable to the risk associated with UC[9]. 
The extent of colitis is an important risk factor, along with duration, for the development of CRC. The meta-analysis by Eaden et al[11] reported that an overall prevalence of 3.7% for CRC among patients with UC in all 116 studies, but when restricted to the 35 studies that stratified their analyses by extent of UC, the prevalence of CRC among patients with extensive involvement rose to 5.4%.[5,10]. A recent Danish population-based cohort study involving 1515 patients diagnosed with UC also reported that the risk of colorectal cancer in patients diagnosed with UC was highest among patients with extensive colitis (standardized incidence ratio, 1.85; 95%CI: 0.60-4.32). Several studies have shown a general consensus indicating little or no increased risk of CRC in patients with proctitis or proctosigmoiditis, whereas the risk is intermediate in those with left-sided colitis and highest with pan-colitis[5,7,8,11-14]. 
  Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease that is strongly associated with IBD. An increased risk of CRC has been observed in patients with IBD complicated by PSC. A meta-analysis by Molodecky et al[15] reported that the pooled proportion of IBD in PSC cases was 68% (58%-77%). Among IBD subtypes, PSC was more common in UC than CD (80% vs 10% of cases)[16]. The association with IBD was stronger with more extensive colonic involvement: in patients with pancolitis, the prevalence of PSC was about 6%, in contrast to 1% in those with only distal colitis[17]. A meta-analysis of 11 studies involving 16844 patients with UC by Soetikno et al[18] reported that, overall, 21% of the patients with both UC and PSC developed colorectal neoplasms, compared with 4% of patients without PSC. The odds ratio (OR) of developing dysplasia or cancer in patients with PSC was thus 4.8 (95%CI: 3.6-6.4), and this increased risk was present even when the risk of colorectal carcinoma alone was considered (OR 4.3; 95%CI: 2.8-6.5). 
  Familial history of sporadic colorectal cancer increases the risk of CRC by at least two-fold when compared to patients with IBD without familial history for CRC[19,20]. A population-based cohort study of patients with IBD reported that a family history of CRC was associated with a more than 2-fold risk of IBD-associated CRC (adjusted RR 2.5; 95%CI: 1.4-4.4); furthermore, patients with a 1st-degree relative diagnosed with CRC before 50 years of age also had a higher risk (RR 9.2; 95%CI: 3.7-23)[20].
 Chronic inflammation is believed to promote carcinogenesis[21]. Several lines of evidence indicate that chronic inflammation is a key risk factor for CRC in patients with IBD[22]. However, few studies have directly investigated whether the level of inflammation correlates with CRC risk in patients with IBD[21]. A retrospective case-control study[23] reported a significant correlation between the colonoscopic and histologic inflammation scores and the risk of colorectal neoplasia. However, multivariate analysis revealed that only the histologic inflammation score remained a significant risk factor. Another retrospective cohort study of 418 patients undergoing colonoscopic surveillance for UC showed similar results, where each unit increase in inflammation score conferred a 3.8-fold increase in the risk for high-grade dysplasia or CRC over time, based on use of a 4-point scale to classify histologic inflammation from a previous retrospective case control study[23,24]. On the other hand, Velayos et al[25] reported that the history of pseudopolyps increased the risk of CRC in UC by 2.5-fold (95%CI: 1.4-4.6), as a marker of more severe inflammation in the past. 

PATHOGENESIS 
The pathogenesis of CRC in IBD is poorly understood. Both genetic and environmental factors contribute to this pathogenesis, and the factors responsible for neoplastic changes in IBD can be summarized as follows: genetic instability; immune response by mucosal inflammatory mediators; oxidative stress; and intestinal microbiota[21,26,27].
Many of the genetic alterations associated with development of sporadic CRC also play roles in colitis-associated CRC[27,28]. Colon carcinogenesis in IBD is thought to be similar to the adenoma-carcinoma sequence found in sporadic CRC. However, unlike sporadic CRC, which develops from dysplasia in 1 or 2 foci of the colon, cancer arising in colitis mucosa usually develops from multifocal dysplasia, indicating a “field change effect”[1,21]. Aneuploidy, a marker of genomic instability, is demonstrated at 20%-50% in dysplastic lesion and 50%-90% of cancers and is detected in long-standing UC[1,27,29,30]. Because aneuploidy is often more widespread than dysplasia in IBD, substantial genomic alterations must occur in colonic mucosa without disturbing morphology[1,21]. 
The two major types of genomic instability found in colorectal cancers are chromosomal instability (CIN) and microsatellite instability (MSI)[31]. CIN and MSI in colitis-associated CRC appeared with the same frequency (85% CIN, 15% MSI) as seen in sporadic CRC, but they differed in the timing and frequency from the pattern seen with sporadic CRC (Figure 1)[10,21,27,32]. For example, loss of adenomatous polyposis coli (APC) function, considered to be a very common initiating event in sporadic colorectal carcinogenesis, is less frequent and usually occurs later in the colitis-associated dysplasia-carcinoma sequence[32-34]. Loss of p53 function is an important step in the progression of colitis- associated cancer. In contrast to sporadic CRC, p53 mutation in patients with IBD occurs early and is often detected in mucosa that is nondysplastic[26,27,35]. MSI, due to defective DNA mismatch repair, has been reported to occur at variable frequencies in IBD associated CRC[28,36-38]. The microsatellite instability high (MSI-H) phenotype is observed in approximately 10 to 15% of sporadic CRC[36].
The CpG island hypermethylation is a key epigenetic mechanism of gene silencing of tumor suppressor genes, including certain DNA repair genes where it acts through hypermethylation of their promoters[28,32]. Promoter hypermethylation of the mismatch repair gene hMLH1 is strongly associated with MSI. Among neoplastic samples from patients with colitis, hMLH1 hypermethylation was observed in 6 of 13 (46%) patients with high levels of MSI, 1 of 6 (16%) with low levels of MSI, and 4 of 27 (15%) without MSI, so it might cause MSI or contribute to its development[28,32,38]. Likewise, p16INK4a, a cell cycle inhibitor that is also implicated in sporadic colon cancer, is commonly hypermethylated in UC tissues, even in the absence of dysplasia[28,39].
Other key elements in the pathogenesis of CRC in IBD are related to chronic inflammation, such as the induction cyclooxygenase (COX)-2, inflammatory cytokines, and chemokines. Some evidence indicates that NSAIDs decrease the risk of CRC in IBD patients by 40%-50%[26,40]. NSAIDs exert their effects through their action on COX enzymes. Among three isoforms of COX enzyme, COX-2 is induced by inflammation and triggered by inflammatory stimuli such as IL-1, IFN-γ, and TNF-α[26]. Previous studies have shown that COX-2 expression is elevated in nearly 50% of adenomas and 85% of adenocarcinomas[41,42]. Agoff et al[43] reported that COX-2 messenger RNA and COX-2 protein overexpression occurred early in UC associated neoplasia. TNF-α is released by activated macrophages and T cells; it binds to the receptor TNF-receptor (TNF-R) and has been reported to promote inflammation and colitis associated cancer[21]. Several studies have assessed the relationship between the polymorphism of TNF-α-308 G>A and susceptibility to IBD and CRC[26]. Recently, a meta-analysis study suggested that the polymorphism of TNF-α-308 G>A participates in modifying the susceptibility to UC and CD in Europeans and Asians[44]. However, the increased risk of CRC in IBD patients should be clarified as the combined effects of polymorphisms in TNF-α and other cytokines and the interaction with environmental factors[44].
Oxidative stress also contributes to pathogenesis of the colon carcinogenesis by attacking proteins and nucleic acids, resulting in denaturation and a variety of alterations including base modifications, double-base lesions, and strand breaks[21,45,46].. Oxidative stress develops  in response toin inflammatory reactions in particular because the inflammatory cells, activated neutrophils, and macrophages produce large amounts of reactive oxygen and nitrogen species (RONs)[21,26,28]. Inflamed tissues from patients with active UC or CD demonstrate increased expression of nitric oxide synthase (NOS) and RONs[47-49]. RONs can interact with key genes involved in carcinogenic pathways such as p53 and DNA mismatch repair genes[28]. A previous study showed higher levels of p53 mutation frequencies of both G:C to A:T transitions at the CpG site of codon 248 and C:G to T:A transitions at codon 247 in the inflamed tissue than in the noninflamed tissue of the colon, as well as in colon tissue from normal adult controls[47]. Another study reported that noncytotoxic levels of hydrogen peroxide dramatically reduced the activities of the mismatch repair system[45].
Although intestinal microbiota have considered as contributors to development of colorectal neoplasia in IBD, the mechanism of intestinal microbiota-induced carcinogenesis remains largely unclear[26,27,50]. Several different rodent models of IBD have suggested that commensal or specific bacteria contribute to the development of colitis-associated cancer. For example, the IL-10 knock-out mice showed IBD (primarily colon and rectal) induced by Enterococcus faecalis, as well as rectal dysplasia and adenocarcinoma[51]. Under specific pathogen free conditions, all IL-10 gene knock-out mice also developed colitis after 3 mo of age, and colorectal adenocarcinoma observed in 25% and 60% of the mice after 3 and 6 mo, respectively[52].. Modification of enteric flora in IL-10 knockout mice by probiotic lactobacilli was associated with a reduced prevalence of colon cancer and mucosal inflammatory activity[53].

CHEMOPREVENTION
Chemoprevention has been shown to reduce the risk of adenoma and CRC in the general population without IBD[54]. Pinczowski et al[55] first reported a chemopreventive effect of sulfasalazine in IBD, and several agents with chemopreventive potential have since been  identified, including 5-aminosalicylate (5-ASA) compounds, immunomodulators, ursodeoxycholic acid (UDCA), and folic acid[56]. However, prospective randomized controlled trials on chemoprevention are lacking in patients with IBD because of insurmountable obstacles such as ethical problems; consequently, data on chemoprevention in patients with IBD are not clearly definitive and refer to either retrospective case-control or cohort studies[27,56]..
Chronic inflammation has been accepted as one of the causative factors of IBD associated CRC. The 5-ASA compounds are used as maintenance therapy in patients with UC because they have been shown to reduce inflammation in patients with UC. A meta-analysis of nine studies (three cohort and six case-control studies) that included 1932 UC patients reported that use of 5-ASA in UC was associated with a reduced risk of CRC, and the benefit occurred with regular use and use of at least 1.2 g of mesalamine equivalents per day[57]. However, subsequent to this meta-analysis, more studies reporting negative results have emerged[58-60]. A population based case control study showed that among patients with IBD (364 CRC cases, 1172 controls), exposure to 5-ASA therapy of any dose or duration during the 12 mo before CRC diagnosis was not associated with a reduced risk of CRC (OR 0.97; 95%CI: 0.77-1.23)[58]. Recently, Bernstein et al[59] used the Manitoba IBD epidemiology database to show that 5-ASA was not chemoprophylactic in IBD for CRC in either a population-based case control or a cohort analysis. Although the chemopreventive role of 5-ASA compounds has biological plausibility, the chemopreventive effects of 5-ASA in IBD remain conflicting.
Immunomodulators also have anti-inflammatory properties and are used as maintenance therapy in IBD patients. Only limited evidence exists for a chemopreventive role for immunomodulators in IBD. A recent population-based study using a database linked to a nationwide pathology network from the Netherlands demonstrated a significant chemopreventive effect of thiopurine in patients with IBD (the adjusted hazard ratio: 0.10, 95%CI: 0.01-0.75). However, the majority of studies have not shown a chemopreventive effect for immunomodulators[25,58,61,62]. An 8-year follow up study reported no significant differences in rates of progression to advanced neoplasia or to any neoplasia between azathiopurine/6-MP user and never-user patients with UC[62]. Another retrospective cohort study also failed to demonstrate any preventive effect of azathiopurine/6-MP[24].
  The chemopreventive role of UDCA therapy is well-supported from studies of patients with concomitant with IBD and PSC. The colonic concentration of additional bile acids has been implicated as a carcinogen, as this is cytotoxic to colonic epithelial cells and induces hyperproliferation[56]. Therefore, studies have suggested that treatment with UDCA may reduce the risk of CRC in IBD[63]. A post hoc analysis of a randomized, placebo-controlled trial of patients with US and PSC suggested a significant chemoprotective effect for UDCA in these patients, with a 74% reduction seen in the risk for dysplasia or cancer in those assigned to the UDCA group[64]. Tung et al[65]. reported that UDCA use was strongly associated with a decreased prevalence of colonic dysplasia (odds ratio: 0.18, 95%CI: 0.05-0.61). However, a retrospective analysis of data from a randomized controlled trial using a high dose UDCA (28-30 mg/kg body weight) showed that long-term use of high-dose UDCA was associated with an increased risk of colorectal neoplasia in patients with UC and PSC[66].. The chemoprotective effect of using UDCA for patients with UC but without PSC has not been explored.
Low folate intake has been associated with an increased risk for developing CRC and colon adenoma in sporadic CRC[27,56]. Folate deficiency is associated with alteration of the normal DNA methylation process, imbalance of steady-state levels of DNA precursors, and changes in chromosome and chromatin[67]. Patients with IBD are at risk of folate deficiency because sulfapyridine, a moiety of sulfasalazine used in IBD therapy, can lead to an impairment of folate absorption[68,69]. A meta-analysis showed that both sulfasalazine and folate supplementation have a protective effect in colorectal cancer development in patients with longstanding ulcerative colitis[70]. However, recent studies failed to find a chemopreventive effect of folic acid supplementation[56,60,71].

DIAGNOSIS AND SURVEILLANCE
One key element to decrease the risk of CRC in IBD may be the early diagnosis by colonoscopic surveillance and treatment of precancerous lesions[10].. However, randomized controlled trials have not been performed to verify that surveillance colonoscopy is effective. A previous Japanese study reported that close surveillance results in the detection of 48% of the cancers, 61% of which are early cancers[1,72]. A recent Cochrane analysis concluded that, for patients undergoing surveillance, cancers tend to be detected at an earlier stage and hence have a better prognosis, even if lead-time bias may contribute to the apparent benefit of surveillance[1,73,74]. Indirect evidence appears to support an effectiveness of surveillance in reducing the risk of death from IBD-associated CRC and that surveillance may be acceptably cost-effective, although no clear evidence was shown that surveillance colonoscopy prolonged survival in patients with extensive colitis[73,75].
  Currently, several guidelines are available for recommending a specific surveillance program in IBD patients[76-79]. Almost all the guidelines agree on the following: (1) that a screening colonoscopy should be performed on patients during clinical remission of the disease in order to avoid confusion of inflammatory changes with dysplasia; (2) that surveillance colonoscopy should be started 8-10 years after the onset of symptoms for patients with left sided or extensive colitis; (3) that regular surveillance schedules need to be followed after the initial colonoscopy; and (4) that two to four random biopsy specimens should be taken with a jumbo forceps every 10 cm along the entire colon, with additional samples being taken in suspicious areas. Some distinctions are also made, such as the surveillance interval. These are summarized in Table 2. 
The success of surveillance colonoscopy will depend on improvement of the diagnostic yield of dysplasia or early colon cancer. As stated previously, many current guidelines recommend quadrantic random biopsies every 10 cm throughout the entire colon[63,80]. However, a random biopsy only samples 0.03% of the mucosal surface and has a detection rate of < 2 per 1,000 biopsies[80,81]. A retrospective analysis estimated that 33 and 64 biopsy specimens are required to detect dysplasia with 90% and 95% probabilities, respectively[78,82]. This has served as the basis for the surveillance practice recommendation, and current guidelines for dysplasia surveillance recommend a minimum of 33 biopsies[10,78]. However, this biopsy protocol has failed to clearly demonstrate any significant gain in mortality rates and cost effectiveness[83-85]. Recent data have shown that most gastroenterologists do not follow the biopsy protocol. A previous study from the Netherlands showed that only 27% of gastroenterologists obeyed the recommended number of 33 random biopsies[86]. Another study showed that more than 50% of the gastroenterologists surveyed obtained fewer than 10 colonic mucosal biopsies per endoscopic surveillance examination[87,88]. 
  The random biopsy protocol is now increasingly criticized, and increased focus is being placed on target biopsies supported by chromoendoscopy or other newer endoscopic techniques[10,63,89]. Chromoendoscopy involves the topical application of a dye onto colonic mucosa to improve detection of subtle colonic lesions, characterization, or diagnosis that are not visible with white light endoscopy[63,78,88]. Previous studies have demonstrated that the use of chromoendoscopy increases the detection rate of dysplasia by approximately 2 to 3 fold and gives a per lesion increase of 4 to 5 fold[83,90,91]. Comparable diagnostic yields have been obtained with both methylene blue and indigo carmine[90,92]. Although chromoendoscopy has a demerit of being more time consuming than white light endoscopy, recent guidelines have endorsed chromoendoscopy with target biopsies[76,77,80,88].. Moreover, recent back-to-back colonoscopy studies have showed that withdrawal times were similar, at 10 min for colonoscopy with random biopsy and 11 min for chromoendoscopy with target biopsy. In addition, a targeted biopsy protocol with pancolonic chromoendoscopy required fewer biopsies to detect dysplastic lesions[90]. 
  Narrow band imaging (NBI) is another available technique that can provide clear imaging of the microvascular structure. However, NBI was not any more efficacious than conventional colonoscopy in detecting patients with neoplasia in tandem study and multicenter randomized studies[88,93-95]. Confocal laser endomicroscopy and fluorescence endoscopy are other promising techniques, but only limited data are available. Confocal laser endomicroscopy visualizes the histology of the mucosa and it has been proposed as an addition to chromoscopic detection of lesions to help target biopsy[80,88]. A recent study showed that endomicroscopy targeted biopsies increased the diagnostic yield of intraepithelial neoplasias by 2.5-fold when compared to chromoendoscopy guided biopsies alone[96]. Kiesslich et al[83] demonstrated that the combined use of chromoscopy and endomicroscopy detected 4.75-fold more neoplasias than could be detected with conventional colonoscopy and 50% fewer biopsy specimens were required.
  Fluorescence endoscopy assesses intraepithelial neoplasia after topical or systemic sensitization with 5-aminolaevulinic acid (5-ALA), which is converted intracellularly into the sensitizer protoporphyrin IX and accumulates selectively in neoplastic tissue[88,97]. In a previous study of 37 patients with UC, fluorescence endoscopy after 5-ALA sensitization showed excellent sensitivity, ranging from 87% to 100% after local sensitization, and negative predictive values of non-fluorescent mucosa for exclusion of dysplasia were also very high[97]. A recent back-to-back study that used autofluorescence imaging, where short-wavelength light provided the excitation of endogenous tissue fluorophores, showed lower neoplasia miss rates for autofluorescence imaging than for white light endoscopy[98].

CONCLUSION
Recent data about CRC-associated IBD have indicated several new trends. The overall incidence of colorectal cancer has been at a steady state or diminishing in western countries in recent decades. However, an anticipated increase in the occurrence of CRC-associated IBD has appeared in Asian countries as a consequence of the increasing incidence of IBD. Studies on the pathogenesis of CRC-associated IBD are now focused on genetic alteration. Interest is rising with regard to the role of several factors, such as oxidative stress, immune responses, and bacterial flora, in colon carcinogenesis in patients with IBD. Prospective randomized controlled trials on chemoprevention in patients with IBD are lacking and data on chemoprevention on patients with IBD are not clearly definitive; however, anti-inflammatory agents such as the 5-aminosalicylate (5-ASA) compounds and immune modulators have been considered as potential chemopreventive agents. Several guidelines for surveillance strategy have also recently have endorsed the use of a target biopsy that incorporates chromoendoscopy or some new technologies instead of multiple random biopsies. However, the effectiveness of new technologies like narrow band imaging (NBI), confocal endomicroscopy, and autofluorescence imaging remain to be proven. More studies are needed.
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Figure 1 Molecular pathogenesis of sporadic colon cancer and colon cancer associated with inflammatory bowel disease. Many of the genetic alterations associated with development of sporadic colon cancer also play a role in colitis associated colon cancer. However, the frequency and sequence of these events differ between the cancers. Modified from Ref [21]. APC: Adenomatous polyposis coli; MSI: Microsatellite instability. 
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Table 1 Summary of cumulative risk of colorectal cancer in patients with inflammatory bowel disease in recent population-based studies and meta-analysis
	Study
	Country
	Population
	Observed period
	Incidence of colorectal cancer

	Eaden et al[5]
	United States (4), United Kingdom (7), Scandinavia (3), other (5)
	UC
(meta-analysis of 19 studies)
	1925-1999
	Cumulative incidence
1.6 % by 10 yr of disease
8.3 % by 20 yr of disease
18.4 % by 30 yr of disease

	Winther et al[6]
	Copenhagen County, Denmark
	1161 UC
	1962-1987

	Cumulative probability
0.4% by 10 yr of disease
1.1% by 20 yr of disease
2.1% by 30 yr of disease

	Lakatos et al[14]
	Veszprem, Hungary
	723 UC
	1974-2004
	Cumulative risk
0.6% by 10 yr of disease
5.4% by 20 yr of disease
7.5% by 30 yr of disease

	Rutter et al[84]
	London, United Kingdom
	600 long standing extensive UC
	1971-2000
	Cumulative incidence
0 % by 10 yr of disease
2.5% by 20 yr of disease
7.6% by 30 yr of disease
10.8% by 40 yr of disease

	Söderlund et al[8]
	Sweden
	7607 UC
	1954-1989
	Cumulative risk
1.5% by 10 yr of disease
3.8% by 20 yr of disease
7.6% by 30 yr of disease

	Canavan et al[9]
	United States (3), Denmark (3), United Kingdom (2), Sweden (2), Canada (1), Israel (1)
	11545 CD
(meta-analysis of 12 studies)
	1972-2004
	Cumulative risk
2.9% by 10 yr of disease
5.6% by 20 yr of disease
8.3% by 30 yr of disease

	Kim et al[7]
	South Korea
	7061 UC
	1970-2005
	Cumulative risk
0.7% by 10 yr of disease
7.9% by 20 yr of disease
33.2% by 30 yr of disease


CD: Crohn’s disease; UC: Ulcerative colitis.

Table 2 Summary of the screening and surveillance recommendation from international guidelines for patients with inflammatory bowel disease
	
	ECCO 2008
	BSG 2010
	AGA 2010
	ACG 2010

	1st screening
	8-10 yr
Extensive: 2 yearly to 20 yr then annually
	10 yr
By risk: low 5 yr

	Max 8 yr
1-3 yr

	8-10 yr

	Surveillance interval
	Left sided: 2 yearly starting at 15 yr
PSC: 1 yr
	Intermediate 3 yr
High 1 yr
	More often at high risk  e.g., PSC
	1-2 yr

	Random biopsy
	recommended
	recommended
	recommended
	recommended

	Chromoendoscopy
	Superior to white light endoscopy
	≥ 33 if no chromo
	≥ 33
	≥ 33


ECCO: European Crohn’s and Colitis Organization; BSG: British Society of Gastroenterology; NICE: National Institute for Clinical Excellence; AGA: American College of Gastroenterology; PSC: Primary sclerosing cholangitis. Modified from Ref [80] with permission from Elsevier.
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