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Simple Summary: Although the incidence of inflammatory bowel disease (IBD)-related cancer has
been decreasing, its prognosis remains worse than that of non-IBD-related cancers, owing to its
multiple risk factors. This review explores the risk factors, epidemiology, surveillance strategies, and
treatment recommendations for IBD-related cancers, as well as potential future research directions.

Abstract: Patients with inflammatory bowel diseases (IBDs), such as ulcerative colitis and Crohn’s
disease, have an increased risk of developing colorectal cancer (CRC). Although advancements in
endoscopic imaging techniques, integrated surveillance programs, and improved medical therapies
have contributed to a decreased incidence of CRC in patients with IBD, the rate of CRC remains higher
in patients with IBD than in individuals without chronic colitis. Patients with IBD-related CRCs
exhibit a poorer prognosis than those with sporadic CRCs, owing to their aggressive histological
characteristics and lower curative resection rate. In this review, we present an updated overview
of the epidemiology, etiology, risk factors, surveillance strategies, treatment recommendations, and
prognosis of IBD-related CRCs.
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1. Introduction

Patients with inflammatory bowel disease (IBD), including ulcerative colitis (UC) and
Crohn’s disease (CD), have an increased risk of developing colorectal cancer
(CRC) [1,2]. Although the incidence of CRC with IBD (IBD-CRC) is decreasing [3], its
prognosis remains poorer than that of sporadic CRCs. Several distinct characteristics
of IBD-CRC may contribute to this difference in prognosis, such as younger age at di-
agnosis, emergency presentation or diagnosis as an emergency, an increased likelihood
of right-sided colon involvement [4], and histological features like multifocal tumors,
poor /undifferentiated histology, or mucinous carcinomas [5,6]. Therefore, accurate risk
stratification is crucial for effective personalized cancer surveillance by distinguishing
between high-risk and low-risk individuals [7]. Advanced technologies during endoscopic
surveillance programs provide valuable tools for diagnosing dysplastic and cancerous
lesions [8-10], while new advanced techniques for endoscopic resection can also improve
the prognosis of IBD-CRC [11].

In this comprehensive review, we present an updated overview of IBD-CRC, covering
its epidemiology, etiology, and risk factors. We also emphasize the importance of individual
risk stratification for recommending appropriate surveillance procedures and discuss both
endoscopic and surgical management strategies for dysplasia. Furthermore, we discuss the
short- and long-term oncologic outcomes of patients with IBD-CRC and potential future
directions in the research field.
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2. Epidemiology

The risk of CRC is significantly increased (by as much as two-three-fold) in patients
with a long-standing history of UC and CD; however, the exact risk value may vary
according to studies, time periods, and individual risk factors [3,12]. In a meta-analysis
conducted by Eaden et al. in 2001, the overall prevalence of CRC in patients with UC was
3.2%, with cumulative risks of 2%, 8%, and 18% at 10, 20, and 30 years, respectively [13].
A subsequent study implied that the risk of CRC was low, with cumulative risks of 1%,
3%, and 7% at 10, 20, and 30 years, respectively [14]. Moreover, a decreased risk of
CRCs was reported in 2014, with reported incidence rates of 0.91/1000, 4.07/1000, and
4.55/1000 patient-years (py) in the first, second, and third decades, respectively. This
represents a decline from 4.29/1000 py in studies published in the 1950s to 1.21/1000 py in
those published in the last decade [15]. As mentioned above, the incidence of IBD-CRC
seems to decrease over time, likely due to improved medical therapies for inflammation
management and endoscopic screening and surveillance [16,17]. From the perspective of
the relative risk (RR) of developing CRCs in patients with IBD compared with that of the
general population, the morbidity rates of those with IBD have remained higher. In a study
conducted in 2020, the incidence rates of CRCs in the UC cohort and reference individuals
were 1.29 and 0.82 per 1000 py, respectively. The mortality rate in the UC cohort was 0.55
per 1000 py compared with 0.38 per 1000 py in reference individuals during the same
period [18].

3. Etiology and Molecular Mechanism

In patients with UC, the presence of mucosal inflammation is associated with an
increased risk of subsequently developing colorectal neoplasia than of achieving mucosal
healing [19]. In patients with chronic colitis, continuous stimulation of epithelial prolif-
eration in an inflammatory process may lead to carcinogenesis [20,21]. It is well known
that some specific molecular mediators promote IBD-CRC. Chronic inflammation causes
oxidative stress-induced injuries [22]. Inflammation-driven carcinogenesis is characterized
by a gradual increase in the levels of molecular markers associated with oxidative damage
and DNA double-strand breaks [23]. Pathogenetic features such as chromosomal and
microsatellite instabilities and DNA hypermethylation have been reported in patients with
sporadic CRC as well as in those with IBD-CRC [20,24-27]. Both types of cancer share
common functional driver genes, such as APC, P53, MYC, KRAS, PIK3CA, SMAD4, and
ARID1A [28-30]. However, unlike sporadic CRC, IBD-CRC does not follow the conven-
tional adenoma—carcinoma sequence; instead, it can progress from low- to high-grade
dysplasia (HGD) and ultimately to CRC [31]. IBD-CRC has a different timing and fre-
quency of genetic alterations as compared with sporadic CRC. In the carcinogenic process
in IBD-CRC, mutation and loss of the APC gene are less frequent and occur in a later phase
of the dysplasia—carcinoma sequence, whereas mutation and loss of P53 are more frequent
and likely to occur in an earlier phase [32]. Unlike sporadic CRC, these P53 mutations can
be observed in normal, non-dysplastic mucosa [2]. A recent meta-analysis showed that
P53 mutations were more common, but KRAS mutations were less frequent in patients
with IBD-CRC. Moreover, both KRAS and P53 mutations occur more frequently in patients
with IBD-CRC than in those without IBD-related dysplasia. Accordingly, P53 may play
a more important role in the development of IBD-CRC [33]. Therefore, KRAS and P53
mutations can be informative biomarkers of IBD-CRC, given the higher prevalence of
these genetic alterations than that in non-dysplastic mucosa [34]. In addition to the known
molecular risk factors above, risk stratification and prediction of cancer progression can
be improved by the novel molecular biomarkers using gene panels, transcriptomics, and
clonal evolutionary dynamics [35].

4. Risk Factors for Carcinogenesis

To minimize the consequences of IBD-CRC, it is crucial to accurately assess individual
patient risks and identify relevant risk factors that necessitate frequent surveillance or
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intensive treatment. These risk factors can be classified into patient- and disease-related
factors, with the duration and extent of chronic inflammation being reported as the most
consistently associated factors [35-38].

4.1. Patient-Related Factors

UC diagnosis at a young age has been consistently associated with a greater risk of
CRC than UC diagnosis at an older age [1], and longer disease duration has been reported to
significantly increase the cumulative incidence of CRC [13,38,39]. Having a family history
of IBD-CRC also significantly affects the incidence, with a two-fold higher risk of CRC in
patients with first-degree CRC relatives than in those without first-degree CRC relatives [40].
A recent meta-analysis of 15 studies demonstrated that patients with a family history of
CRC had an odds ratio (OR) of 2.62 (95% confidence interval [CI], 1.93-3.57) when compared
with those without a family history [7]. Sex differences have also been proposed, with male
patients exhibiting a higher risk of CRC than female patients, based on a pooled analysis
of 60 studies (OR, 1.27; 95% CI, 1.12-1.44) [7]. This sex difference resembles that noted in
sporadic CRC, and estrogen may have a preventive role in the development of CRC [41].
A concurrent diagnosis of primary sclerosing cholangitis (PSC) is one of the well-known
risk factors for IBD-CRC [42]. Wijnands et al. reported a univariate OR of 4.14 (95% CI,
2.85-6.01) and a multivariate OR of 3.53 (95% CI, 1.83-6.79), and almost all independent
analyses per study type indicated an elevated risk in patients with IBD and PSC [7]. For
patients with both IBD and PSC, alterations in bile acid metabolism, intestinal/biliary
microbiomes, and the systematic immune system are suggested as contributing factors for
cancer development [36].

4.2. Disease-Related Factors

The wide extent of disease involvement is a strong risk factor for the development
of IBD-CRC. In general, a wide extent of disease involvement is defined when >50% of
the colonic area is affected in patients with CD or when mucosal inflammation extends
proximally to the splenic flexure in patients with UC at any point during the disease
course. A recent meta-analysis comprising 40 studies showed that the pooled univariate
OR in patients with extensive UC was 2.43 (95% CI, 2.01-2.93) compared to the those with
left-sided UC, while the pooled hazard ratio (HR) including three studies on UC cases
was 3.48 (95% CI, 1.58-7.65) [7]. Patients with IBD who are previously diagnosed with
low-grade dysplasia carry a high risk of CRC. The pooled univariate OR was 10.85 (95% CI,
5.13-22.97), from eight studies. Moreover, patients with IBD have post-inflammatory
polyps, colonic stenosis, and severe inflammation on histology, all of which contribute
to a higher risk in IBD patients with than in those without IBD [7]. The accumulation of
these factors contributes to the inflammatory burden, which plays a critical role in the
development of IBD-CRC [43].

5. Surveillance Strategy and Management
5.1. Surveillance Strategies

Colonoscopy is considered the fundamental tool for CRC surveillance in patients with
IBD. The primary objective of this surveillance is to identify endoscopically removable
premalignant lesions or early-stage CRC, leading to improved prognosis and treatment
outcomes [44]. A recent meta-analysis, conducted in 2018, highlighted the importance of ap-
propriate surveillance [45]. Bye et al. assessed the effectiveness of endoscopic surveillance
in decreasing IBD-CRC-related mortality and found that the cancer detection rate was sig-
nificantly higher in the non-surveillance group (3.2%) than in the surveillance group (1.8%)
(OR, 0.58; 95% CI, 0.42-0.80; p < 0.001). Moreover, CRC-associated death was significantly
lower in the surveillance group (8.5%, 15/176) than in the non-surveillance group (22.3%,
79/354) (OR, 0.36; 95% CI, 0.19-0.69; p = 0.002). In addition, the early-stage CRC detection
rate was significantly higher in the surveillance group (15.5%) than in the non-surveillance
group (7.7%) (OR, 5.4; 95% CI, 1.51-19.3; p = 0.009) [45]. Several international guidelines
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recommend active surveillance of patients with IBD to detect and resect dysplastic lesions
before they progress to HGD or CRC [8,9,38,46—48]. Most guidelines advocate that all
patients with colonic IBD undergo initial colonoscopy screening for dysplasia 8-10 years
after the diagnosis of the disease. Continued surveillance colonoscopy is advised even if the
disease is well-controlled, as chronic inflammation can lead to a false-positive pathological
diagnosis of dysplasia [49]. Table 1 shows the recommended surveillance intervals after
the initial colonoscopy, which are based on individual risk of CRC [38,44].

Table 1. Recommended surveillance strategies based on risk stratification in patients with IBD.

Patients High Risk Intermediate Risk Low Risk
Moderate or severe inflammation Mild inflammation
PSC Family history of CRC but no FDRs Maintaining disease remission with
Family history of CRC in FDRs aged <50 years 1 h gl' lus either of
aged <50 years Previous episode of severe colitis r;l; Cc?)?seciatlixl/régegaﬁigatigl;g

Risk factors Dense pseudopolyposis <5-year history of invisible without dysplasia
<5-year history of invisible dysplasia or high-risk visible Minimal colitis (ulcerative proctitis
dysplasia or high-risk visible dysplasia or <1/3 of the colon in CD)
dysplasia <5-year history of low-risk visible

dysplasia
islﬁgs{al%ance 1 year 2 or 3 years 5 years

CD, Crohn’s disease; CRC, colorectal cancer; FDR, first-degree relative; PSC, primary sclerosing cholangitis.

5.2. Recommended Endoscopic Techniques

To maximize the efficacy of endoscopic surveillance, optimized mucosal visualization
and improved operator performance are crucial [50]. Recently, several new endoscopic
techniques have emerged to identify dysplastic or cancerous lesions [8,9]. According to
the SCENIC Consensus, high-definition (HD) white-light endoscopy (WLE) is preferred
over standard-definition (SD) WLE for surveillance [48]. Several international societies
provide guidance on techniques for surveillance colonoscopy (Table 2) [8,38,47,51,52]. A
retrospective analysis compared 160 colonoscopies with SD-WLE and 209 colonoscopies
with HD-WLE and showed that the colonoscopies with HD-WLE improved the targeted
detection of dysplastic lesions during periodic surveillance [53]. Although HD-WLE
can allow visualization of most forms of dysplasia, chromoendoscopy (CE) may further
facilitate the detection of dysplasia [54]. Dye spray CE (DCE) using methylene blue or
indigo carmine can help identify the areas of interest and distinguish the borders between
the normal mucosa and the suspected lesions. Technical advancements in endoscopic
imaging have developed virtual CE (VCE) that can be utilized without spraying dye agents.
The American College of Gastroenterology (ACG) clinical guidelines advocate endoscopic
surveillance with HD-WLE using narrow-band imaging (NBI) or DCE to identify dysplasia
in patients with UC [8]. To date, several studies have compared endoscopic techniques;
Clarke et al. performed a case-control study of adult patients with IBD to compare HD-WLC
and DCE performance for the detection of dysplasia, showing a significantly increased
rate of polyp detection in DCE over HD-WLC (1.35 vs. 0.80, p = 0.018) but no significant
difference in the occurrence of dysplasia (10.2% vs. 6.7%, p = 0.39) or adenoma (10.2%
vs. 9.0%, p = 0.31) [55]. A meta-analysis incorporating six randomized controlled trials
(RCTs) and five prospective trials revealed that CE was better than WLE in diagnosing
a larger number of patients with dysplasia (RR, 2.05; 95% CI, 1.62-2.61) and dysplastic
lesions per patient (RR, 2.04; 95% CI, 1.40-2.98) [56]. This difference might be attributed
to the disparate inclusion criteria and population diversity. El-Dallal et al. conducted a
systematic review to evaluate the efficacy of VCE vs. HD-WLE or DCE, including 11 RCTs
with 1328 patients. The efficacy of VCE did not statistically differ from DCE (risk ratio [RR],
0.77; 95% CI, 0.55-1.08) or HD-WLE (RR, 0.72; 95% ClI, 0.45-1.15) in per-patient analysis.
By contrast, VCE showed similar results compared with DCE (RR, 0.72; 95% CI, 0.47-1.11)
but poorer results compared with HD-WLE (RR, 0.62; 95% CI, 0.44-0.88) in per dysplasia
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analysis [57]. Bisschops et al. performed a multicenter RCT to compare the diagnostic value
of CE (using methylene blue) and VCE (using NBI) in 131 patients with intractable UC. No
significant differences were observed in terms of the mean number of neoplastic lesions
per colonoscopy (0.47 vs. 0.32, p = 0.992) or neoplasia detection rate (21.2% vs. 21.5%,
p = 0.964) [58]. Given these published data, the American Gastroenterological Association
(AGA) Expert Review recommends VCE and DCE for dysplasia detection in patients with
IBD [8].

Table 2. Recommended techniques for surveillance colonoscopy.

Guidelines Recommended Technique

SD colonoscopy with DCE

ACG 2019 [8] HD-WLE with NBI or DCE

HD endoscopy
SD-WLE with DCE
HD-WLE with VCE, as an alternative to DCE

ESGE guideline 2019 [49] HD endoscopy and DCE or VCE

HD-WLE rather than SD-WLE
SD or HD-WLE with DCE

AOCC and APAG, 2020 Expert consensus [50]  CE is preferred over WLE

ACG, American College of Gastroenterology; AGA, American Gastroenterological Association; AOCC, Asian
Organization for Crohn’s and Colitis; APAG, Asia Pacific Association of Gastroenterology; BSG, British Society
of Gastroenterology; CE, chromoendoscopy; DCE, dye spray chromoendoscopy; ESGE, European Society of
Gastrointestinal Endoscopy; HD, high definition; SD, standard definition; VCE, virtual chromoendoscopy;
WLE, white-light endoscopy.

AGA 2021 (clinical practice update) Expert
consensus [37]

BSG 2019 [46]

5.3. Management of Dysplasia

During surveillance colonoscopy, precancerous lesions have been identified as adeno-
matous polyps, dysplasia-associated lesions or masses, and flat dysplasia [59]. In 2015, the
SCENIC international consensus described the term “lesions” based on the standard Paris
classification [48]. The AGA Expert Review classified the lesions into polypoid (>2.5 mm
tall), non-polypoid (<2.5 mm), or invisible (detected on non-targeted biopsy) [38]. In
patients with well-controlled inflammation, endoscopic resection of dysplastic lesions
should be considered. Patients must provide informed consent, understanding the risks,
complications, and possibility of surgery if incomplete endoscopic resection occurs [37].
Endoscopic mucosal resection and endoscopic submucosal dissection (ESD) are used for
endoscopic resection. ESD allows en bloc resection of larger lesions with distinct margins.
Nevertheless, ESD in patients with IBD can be challenging due to the presence of fibrosis
and chronic inflammation [60]. Manta et al. analyzed 53 patients with UC who underwent
ESD for visible dysplastic lesions, showing en bloc and R0 resection rates of 100% and
96.2%, respectively, with the detection of two metachronous lesions. Another systematic
review, including six other studies, revealed that the en bloc resection rate was 88.4% for
lesions and 91.8% for 208 patients, while the RO resection rate was 78.2% for lesions and
81.3% for patients. Thus, this study suggested that ESD is a feasible treatment option for
resecting non-invasive dysplastic lesions in patients with UC [61]. However, when invisible
dysplasia is detected through random biopsies, the appropriate strategies to discuss include
intense surveillance, reassessment by IBD experts, or surgical resection based on patient
factors (such as age, family history, and concomitant PSC) and disease factors (such as
severity of dysplasia, inflammation in the background mucosa, and uni- or multi-focality
of the dysplasia) [37,38,44].

5.4. Chemoprevention of IBD-CRC

Various therapeutic agents have been employed in clinical practice to prevent carcino-
genesis in patients with IBD [36,62]. Qiu et al. reported in their systematic review with
meta-analysis that 5-aminosalicylic acid (5-ASA) demonstrated a chemopreventive effect
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on dysplasia/CRC in clinical-based studies. However, the effect was limited to patients
with UC, not in those with CD [63]. According to the recent consensus guidelines, the BSG,
the European Crohn’s and Colitis Organization (ECCO), and the Japanese Society of Gas-
troenterology (JSGE) have recommended the use of 5-ASA for chemoprevention [47,64,65].
The BSG also suggested the use of thiopurines with a weak recommendation [47], but
the benefit must be weighed against the potential risk of thiopurines for secondary devel-
opment of lymphoproliferative malignancies [62]. In contrast, protective roles of statins
and ursodeoxycholic against CRC have been controversial. Folic acids might have a pro-
tective effect, although sufficient evidence has been still lacking. Biologic agents such
as tumor necrosis factor-o (TNF-«), nonsteroidal anti-inflammatory drugs (NSAIDs), or
acetylsalicyclic acid have failed to demonstrate protective effects [62]. Overall, mesalamine
has solely been accepted as an effective chemopreventive agent, supported with strong
recommendations by the current guidelines worldwide.

5.5. Surgical Management of IBD-CRC

Surgery is indicated for endoscopically unresectable dysplasia due to submucosal
invasion, invisible dysplasia detected in random biopsy, or “high-risk” colons, such as
those with HGD with PSC [48,66]. Total proctocolectomy with ileal pouch-anal anastomosis
(IPAA) is the standard procedure for cases of HGD or CRC [59,67]. Stapled anastomosis is
technically simple and superior to hand-sewn in terms of fewer anastomotic complications,
better bowel function, and improved quality of life [68]. However, stapled anastomosis
may carry the risk of neoplasia arising from a “cuft” of residual rectal mucosa. A systematic
review that focused on pouch-related cancer showed that rectal mucosectomy did not
eliminate subsequent dysplasia or cancer, but the incidence of cancer increased by eight
times (OR, 8; 95% ClI, 1.3-48.7) when mucosectomy was not indicated [69]. While total
proctocolectomy is generally recommended, subtotal or partial colectomy are optional
for patients with significant comorbidities, endoscopically unresectable unifocal neoplasia
without other high-risk histological factors, and colonic CD without rectal involvement [37].
Dysplasia or cancer may arise from a diverted rectum or rectal stump left in situ [70].
Derikx et al. evaluated the risk of cancer after colectomy in their systematic review and
meta-analysis, including 13 studies involving rectal stump surgery, 35 studies involving
ileorectal anastomosis (IRA), and 33 studies of IPAA. The incidence of cancer was signif-
icantly increased in the rectal stump (2.1%) and IRA groups (2.4%) compared with that
in the IPAA group (0.5%), and the OR was 6.4 (95% CI, 4.3-9.5, p < 0.001) [71]. Another
recent systematic review involving 23 studies reported a pooled incidence of residual rectal
carcinoma of 1.3%, with an incidence of 0.7% in patients with rectal stump surgery and
3.2% in those with IRA [72]. Bogach et al. evaluated the relationship between the surgical
extent and prognosis in their population-based study. The 5-year survival rates were 63.7%
in patients with UC and 57.5% in those with CD, and the multivariate analysis revealed
that the survival outcome was inferior in patients who underwent total colectomy than
in those who underwent segmental resection (HR, 1.70; 95% CI, 1.31-2.21; p < 0.001). No
significant difference was observed between patients who underwent segmental resection
and those who underwent proctocolectomy (HR, 0.99; 95% CI, 0.78-1.27) [73]. Adequate
assessment of patients’ risk factors and reasonable decisions regarding surgical proce-
dures are important for improving surgical outcomes in patients with IBD. Ramsay et al.
reported a short-term outcome after CRC surgery between patients with IBD and those
without IBD. Patients with IBD had increased postoperative complications (adjusted OR
[AOR], 1.26; 95% CI, 1.06-1.50) including postoperative infection and deep vein thrombosis.
Moreover, patients with IBD had a longer hospital stay (adjusted coefficient, 0.86 days;
95% CI, 0.42-1.30), received more blood transfusions (AOR, 1.59; 95% CI, 1.30-1.94), and
experienced more readmissions within 30 days (AOR, 1.44; 95% CI, 1.01-2.04) than those
without IBD. Therefore, the authors concluded that IBD could adversely affect outcomes
after CRC surgery [74].
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6. IBD-CRC Prognosis

IBD-CRC accounts for up to 15% of annual deaths in patients with IBD [75]. Generally,
the prognosis of IBD-CRC is worse than that of sporadic CRCs. Mohan et al. performed
a meta-analysis, including 18 studies with 1037 patients, and reported that the pooled
risk (rate per 1000 py of follow-up) of CRC, HGD, and any lesion was 2 (95% CI, 0-3),
2 (95% CI, 1-3), and 43 (95% CI, 30-57), respectively [76]. However, conflicting results on
long-term outcomes have been reported in recent studies. Lin et al. performed a population-
based study and examined the long-term survival outcome of 222 patients with IBD-CRC
(limited to UC) and 1110 patients with sporadic CRC. The disease-free survival rate was
comparable between the IBD-CRC and sporadic CRC groups, with an HR of 1.06 (95% CI,
0.85-1.32), recurrence-free survival HR of 1.14 (95% CI, 0.86-1.53), and an overall mortality
HR of 1.15 (95% CI, 0.89-1.48) [77]. Another population-based analysis conducted by Birch
et al. showed that the patients with IBD-CRC were younger at cancer diagnosis (median;
66 vs. 72 years, p < 0.01), presented a tendency toward emergency cancer diagnosis (25.1%
vs. 16.7%, p < 0.01), and had an increased prevalence of right-sided tumors (37.4% vs.
31.5%, p < 0.01) [4]. A recently conducted population-based study also demonstrated that
patients with IBD-CRC had a significantly increased 2-year cancer-specific mortality rate
compared to that of patients with sporadic CRC (HR, 1.35; 95% CI, 1.18-1.55) [78]. Lu et al.
conducted a systematic review and meta-analysis and reported that patients with IBD-CRC
had significantly decreased overall survival (HR, 1.33; 95% CI, 1.20-1.47) and cancer-
specific survival (HR, 2.17; 95% CI, 1.68-2.78) compared with those with sporadic CRC. In
addition, IBD-CRC exhibited better diagnosis of poorly differentiated adenocarcinomas
(OR, 2.02; 95% CI, 1.57-2.61) and mucinous/signet ring cell carcinomas (OR 2.43; 95% ClI,
1.34-4.42), synchronous (OR, 3.18; 95% CI, 2.26—4.47) and right-sided tumors (OR, 1.62; 95%
CI, 1.05-2.05), male dominance (OR, 1.10; 95% CI, 1.05-1.16), and decreased RO resection
rate (OR, 0.60; 95% ClI, 0.44-0.82). These data suggest that the worse prognosis of IBD-CRC
may reflect the aggressive histological features and decreased resectability of the neoplastic
lesions [79].

7. Conclusions and Future Directions

Over the past decade, significant advancements have been made, contributing to our
understanding of the risk factors for carcinogenesis and the management of colorectal
dysplasia in IBD. Identifying risk factors and high-risk patients is crucial for improving the
prognosis of IBD-CRC. By enrolling high-risk patients into stratified surveillance programs,
using advanced visualization techniques for surveillance colonoscopy, and determining
the adequate timing of resection for detected dysplasia, the survival outcomes of patients
with IBD-CRC can be improved. Furthermore, ongoing studies are necessary to improve
our understanding of the mechanisms underlying IBD-CRC and identify novel therapeutic
targets and interventions that can reduce the risk of carcinogenesis. The development
of new biomarkers and diagnostic techniques can also aid in the early detection and
monitoring of dysplasia. Through continuous studies in this field, we may further improve
the outcomes of patients with IBD and ultimately mitigate the impact of IBD-CRCs on
public health.

Author Contributions: Conceptualization, Y.S. and S.T.; methodology, Y.S., S.T. and Y.K.; validation,
TM. and H.S.; resources, Y.S. and S.T.; writing—original draft preparation, Y.S.; writing—review and
editing, S.T., TM., YK., H.S. and C.S,; supervision, C.S.; project administration, C.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: The data presented in this study are available in this article.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2023, 15, 4154 8of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Ekbom, A.; Helmick, C.; Zack, M.; Adami, H.O. Ulcerative colitis and colorectal cancer. A population-based study. N. Engl. J.
Med. 1990, 323, 1228-1233. [CrossRef]

Mattar, M.C.; Lough, D.; Pishvaian, M.].; Charabaty, A. Current management of inflammatory bowel disease and colorectal cancer.
Gastrointest. Cancer Res. 2011, 4, 53-61.

Lutgens, M.W.,; van Oijen, M.G.; van der Heijden, G.J.; Vleggaar, F.P.; Siersema, P.D.; Oldenburg, B. Declining risk of colorectal
cancer in inflammatory bowel disease: An updated meta-analysis of population-based cohort studies. Inflamm. Bowel. Dis. 2013,
19, 789-799. [CrossRef] [PubMed]

Birch, RJ.; Burr, N.; Subramanian, V.; Tiernan, J.P.; Hull, M.A,; Finan, P.; Rose, A.; Rutter, M.; Valori, R.; Downing, A.; et al.
Inflammatory Bowel Disease-Associated Colorectal Cancer Epidemiology and Outcomes: An English Population-Based Study.
Am. ]. Gastroenterol. 2022, 117, 1858-1870. [CrossRef] [PubMed]

Watanabe, T.; Konishi, T.; Kishimoto, J.; Kotake, K.; Muto, T.; Sugihara, K. Ulcerative colitis-associated colorectal cancer shows a
poorer survival than sporadic colorectal cancer: A nationwide Japanese study. Inflamm. Bowel. Dis. 2011, 17, 802-808. [CrossRef]
[PubMed]

Leowardi, C.; Schneider, M.L.; Hinz, U.; Harnoss, J.M.; Tarantino, 1.; Lasitschka, F.; Ulrich, A.; Biichler, M.W.; Kadmon, M.
Prognosis of Ulcerative Colitis-Associated Colorectal Carcinoma Compared to Sporadic Colorectal Carcinoma: A Matched Pair
Analysis. Ann. Surg. Oncol. 2016, 23, 870-876. [CrossRef] [PubMed]

Wijnands, A.M.; de Jong, M.E.; Lutgens, M.; Hoentjen, E; Elias, S.G.; Oldenburg, B.; Dutch Initiative on Crohn and Colitis.
Prognostic Factors for Advanced Colorectal Neoplasia in Inflammatory Bowel Disease: Systematic Review and Meta-analysis.
Gastroenterology 2021, 160, 1584-1598. [CrossRef]

Rubin, D.T.; Ananthakrishnan, A.N.; Siegel, C.A.; Sauer, B.G.; Long, M.D. ACG Clinical Guideline: Ulcerative Colitis in Adults.
Am. ]. Gastroenterol. 2019, 114, 384-413. [CrossRef]

Magro, E,; Gionchetti, P; Eliakim, R.; Ardizzone, S.; Armuzzi, A.; Barreiro-de Acosta, M.; Burisch, J.; Gecse, K.B.; Hart, A.L,;
Hindryckx, P.; et al. Third European Evidence-based Consensus on Diagnosis and Management of Ulcerative Colitis. Part 1:
Definitions, Diagnosis, Extra-intestinal Manifestations, Pregnancy, Cancer Surveillance, Surgery, and Ileo-anal Pouch Disorders.
J. Crohns Colitis 2017, 11, 649-670. [CrossRef] [PubMed]

Ananthakrishnan, A.N.; Cagan, A.; Cai, T.; Gainer, V.S.; Shaw, S.Y.; Churchill, S.; Karlson, E.W.; Murphy, S.N.; Kohane, I.; Liao, K.P.
Colonoscopy is associated with a reduced risk for colon cancer and mortality in patients with inflammatory bowel diseases. Clin.
Gastroenterol. Hepatol. 2015, 13, 322-329.e321. [CrossRef]

Hurlstone, D.P;; Sanders, D.S.; Atkinson, R.; Hunter, M.D.; McAlindon, M.E.; Lobo, A.J.; Cross, S.S.; Thomson, M. Endoscopic
mucosal resection for flat neoplasia in chronic ulcerative colitis: Can we change the endoscopic management paradigm? Gut
2007, 56, 838-846. [CrossRef] [PubMed]

Jess, T.; Gamborg, M.; Matzen, P.; Munkholm, P.; Serensen, T.I. Increased risk of intestinal cancer in Crohn’s disease: A
meta-analysis of population-based cohort studies. Am. . Gastroenterol. 2005, 100, 2724-2729. [CrossRef] [PubMed]

Eaden, J.A.; Abrams, K.R.; Mayberry, ].F. The risk of colorectal cancer in ulcerative colitis: A meta-analysis. Gut 2001, 48, 526-535.
[CrossRef] [PubMed]

Selinger, C.P.; Andrews, ].M.; Titman, A.; Norton, I; Jones, D.B.; McDonald, C.; Barr, G.; Selby, W.; Leong, R.W. Long-term
follow-up reveals low incidence of colorectal cancer, but frequent need for resection, among Australian patients with inflammatory
bowel disease. Clin. Gastroenterol. Hepatol. 2014, 12, 644-650. [CrossRef] [PubMed]

Castano-Milla, C.; Chaparro, M.; Gisbert, J.P. Systematic review with meta-analysis: The declining risk of colorectal cancer in
ulcerative colitis. Aliment. Pharmacol. Ther. 2014, 39, 645-659. [CrossRef] [PubMed]

Jess, T.; Horvath-Puho, E.; Fallingborg, J.; Rasmussen, H.H.; Jacobsen, B.A. Cancer risk in inflammatory bowel disease according to
patient phenotype and treatment: A Danish population-based cohort study. Am. J. Gastroenterol. 2013, 108, 1869-1876. [CrossRef]
Choi, C.H,; Rutter, M.D.; Askari, A.; Lee, G.H.; Warusavitarne, J.; Moorghen, M.; Thomas-Gibson, S.; Saunders, B.P.; Graham, T.A,;
Hart, A.L. Forty-Year Analysis of Colonoscopic Surveillance Program for Neoplasia in Ulcerative Colitis: An Updated Overview.
Am. |. Gastroenterol. 2015, 110, 1022-1034. [CrossRef]

Olen, O.; Erichsen, R.; Sachs, M.C.; Pedersen, L.; Halfvarson, J.; Askling, J.; Ekbom, A.; Sorensen, H.T.; Ludvigsson, J.F. Colorectal
cancer in ulcerative colitis: A Scandinavian population-based cohort study. Lancet 2020, 395, 123-131. [CrossRef]

Flores, B.M.; O’Connor, A.; Moss, A.C. Impact of mucosal inflammation on risk of colorectal neoplasia in patients with ulcerative
colitis: A systematic review and meta-analysis. Gastrointest. Endosc. 2017, 86, 1006-1011. [CrossRef]

Grivennikov, S.I. Inflammation and colorectal cancer: Colitis-associated neoplasia. Semin. Immunopathol. 2013, 35, 229-244.
[CrossRef]

Manninen, P; Karvonen, A.L.; Huhtala, H.; Aitola, P.; Hyoty, M.; Nieminen, I.; Hemminki, H.; Collin, P. The risk of colorectal
cancer in patients with inflammatory bowel diseases in Finland: A follow-up of 20 years. ]. Crohns Colitis 2013, 7, e551-e557.
[CrossRef] [PubMed]

Itzkowitz, S.H.; Yio, X. Inflammation and cancer IV. Colorectal cancer in inflammatory bowel disease: The role of inflammation.
Am. ]. Physiol. Gastrointest. Liver Physiol. 2004, 287, G7-G17. [CrossRef]


https://doi.org/10.1056/NEJM199011013231802
https://doi.org/10.1097/MIB.0b013e31828029c0
https://www.ncbi.nlm.nih.gov/pubmed/23448792
https://doi.org/10.14309/ajg.0000000000001941
https://www.ncbi.nlm.nih.gov/pubmed/36327438
https://doi.org/10.1002/ibd.21365
https://www.ncbi.nlm.nih.gov/pubmed/20848547
https://doi.org/10.1245/s10434-015-4915-3
https://www.ncbi.nlm.nih.gov/pubmed/26467453
https://doi.org/10.1053/j.gastro.2020.12.036
https://doi.org/10.14309/ajg.0000000000000152
https://doi.org/10.1093/ecco-jcc/jjx008
https://www.ncbi.nlm.nih.gov/pubmed/28158501
https://doi.org/10.1016/j.cgh.2014.07.018
https://doi.org/10.1136/gut.2006.106294
https://www.ncbi.nlm.nih.gov/pubmed/17135310
https://doi.org/10.1111/j.1572-0241.2005.00287.x
https://www.ncbi.nlm.nih.gov/pubmed/16393226
https://doi.org/10.1136/gut.48.4.526
https://www.ncbi.nlm.nih.gov/pubmed/11247898
https://doi.org/10.1016/j.cgh.2013.05.017
https://www.ncbi.nlm.nih.gov/pubmed/23707778
https://doi.org/10.1111/apt.12651
https://www.ncbi.nlm.nih.gov/pubmed/24612141
https://doi.org/10.1038/ajg.2013.249
https://doi.org/10.1038/ajg.2015.65
https://doi.org/10.1016/S0140-6736(19)32545-0
https://doi.org/10.1016/j.gie.2017.07.028
https://doi.org/10.1007/s00281-012-0352-6
https://doi.org/10.1016/j.crohns.2013.04.003
https://www.ncbi.nlm.nih.gov/pubmed/23619008
https://doi.org/10.1152/ajpgi.00079.2004

Cancers 2023, 15, 4154 9of 11

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Frick, A.; Khare, V.; Paul, G.; Lang, M.; Ferk, F.; Knasmuller, S.; Beer, A.; Oberhuber, G.; Gasche, C. Overt Increase of Oxidative
Stress and DNA Damage in Murine and Human Colitis and Colitis-Associated Neoplasia. Mol. Cancer Res. 2018, 16, 634—642.
[CrossRef] [PubMed]

Cottliar, A.; Fundia, A.; Boerr, L.; Sambuelli, A.; Negreira, S.; Gil, A.; Gémez, ].C.; Chopita, N.; Bernedo, A.; Slavutsky, I. High
frequencies of telomeric associations, chromosome aberrations, and sister chromatid exchanges in ulcerative colitis. Am. ].
Gastroenterol. 2000, 95, 2301-2307. [CrossRef] [PubMed]

Fujiwara, I.; Yashiro, M.; Kubo, N.; Maeda, K.; Hirakawa, K. Ulcerative colitis-associated colorectal cancer is frequently associated
with the microsatellite instability pathway. Dis. Colon Rectum. 2008, 51, 1387-1394. [CrossRef]

Lovig, T.; Andersen, S.N.; Clausen, O.P.; Rognum, T.O. Microsatellite instability in long-standing ulcerative colitis. Scand. ].
Gastroenterol. 2007, 42, 586-591. [CrossRef]

Koizumi, K.; Alonso, S.; Miyaki, Y.; Okada, S.; Ogura, H.; Shiiya, N.; Konishi, F.; Taya, T.; Perucho, M.; Suzuki, K. Array-based
identification of common DNA methylation alterations in ulcerative colitis. Int. ]. Oncol. 2012, 40, 983-994. [CrossRef]

Yaeger, R.; Shah, M.A; Miller, V.A.; Kelsen, ].R.; Wang, K; Heins, Z.].; Ross, ].S.; He, Y.; Sanford, E.; Yantiss, R.K.; et al. Genomic
Alterations Observed in Colitis-Associated Cancers Are Distinct From Those Found in Sporadic Colorectal Cancers and Vary by
Type of Inflammatory Bowel Disease. Gastroenterology 2016, 151, 278-287. [CrossRef]

Rajamadki, K; Taira, A.; Katainen, R.; Vilimdki, N.; Kuosmanen, A.; Plaketti, RM.; Seppdld, T.T.; Ahtiainen, M.; Wirta, E.V,;
Vartiainen, E.; et al. Genetic and Epigenetic Characteristics of Inflammatory Bowel Disease-Associated Colorectal Cancer.
Gastroenterology 2021, 161, 592—-607. [CrossRef]

Robles, A.IL; Traverso, G.; Zhang, M.; Roberts, N.J.; Khan, M.A.; Joseph, C.; Lauwers, G.Y.; Selaru, EM.; Popoli, M,;
Pittman, M.E.; et al. Whole-Exome Sequencing Analyses of Inflammatory Bowel Disease-Associated Colorectal Cancers.
Gastroenterology 2016, 150, 931-943. [CrossRef]

Ullman, T.A.; Itzkowitz, S.H. Intestinal inflammation and cancer. Gastroenterology 2011, 140, 1807-1816. [CrossRef] [PubMed]
Beaugerie, L.; Itzkowitz, S.H. Cancers complicating inflammatory bowel disease. N. Engl. ]. Med. 2015, 372, 1441-1452. [CrossRef]
[PubMed]

Du, L.; Kim, ].J.; Shen, J.; Chen, B.; Dai, N. KRAS and TP53 mutations in inflammatory bowel disease-associated colorectal cancer:
A meta-analysis. Oncotarget 2017, 8, 22175-22186. [CrossRef] [PubMed]

Bezzio, C.; Festa, S.; Saibeni, S.; Papi, C. Chemoprevention of colorectal cancer in ulcerative colitis: Digging deep in current
evidence. Expert Rev. Gastroenterol. Hepatol. 2017, 11, 339-347. [CrossRef] [PubMed]

Yalchin, M.; Baker, A.M.; Graham, T.A.; Hart, A. Predicting Colorectal Cancer Occurrence in IBD. Cancers 2021, 13, 2908. [CrossRef]
Li, W.; Zhao, T.; Wu, D.; Li, ].; Wang, M.; Sun, Y.; Hou, S. Colorectal Cancer in Ulcerative Colitis: Mechanisms, Surveillance and
Chemoprevention. Curr. Oncol. 2022, 29, 6091-6114. [CrossRef]

Shah, S.C.; Itzkowitz, S.H. Colorectal Cancer in Inflammatory Bowel Disease: Mechanisms and Management. Gastroenterology
2022, 162, 715-730. [CrossRef]

Murthy, S.K.; Feuerstein, ].D.; Nguyen, G.C.; Velayos, F.S. AGA Clinical Practice Update on Endoscopic Surveillance and
Management of Colorectal Dysplasia in Inflammatory Bowel Diseases: Expert Review. Gastroenterology 2021, 161, 1043-1051
e1044. [CrossRef]

Rutter, M.D.; Saunders, B.P.; Wilkinson, K.H.; Rumbles, S.; Schofield, G.; Kamm, M.A.; Williams, C.B.; Price, A.B.; Talbot, I.C.;
Forbes, A. Thirty-year analysis of a colonoscopic surveillance program for neoplasia in ulcerative colitis. Gastroenterology 2006,
130, 1030-1038. [CrossRef]

Nuako, K.W.; Ahlquist, D.A.; Mahoney, D.W.; Schaid, D.J.; Siems, D.M.; Lindor, N.M. Familial predisposition for colorectal cancer
in chronic ulcerative colitis: A case-control study. Gastroenterology 1998, 115, 1079-1083. [CrossRef]

Soderlund, S.; Granath, F; Brostrém, O.; Karlén, P; Lofberg, R.; Ekbom, A.; Askling, J. Inflammatory bowel disease confers a
lower risk of colorectal cancer to females than to males. Gastroenterology 2010, 138, 1697-1703. [CrossRef]

Shah, S.C.; Ten Hove, ].R; Castaneda, D.; Palmela, C.; Mooiweer, E.; Colombel, ].F,; Harpaz, N.; Ullman, T.A.; van Bodegraven,
A.A;Jansen, ].M.; et al. High Risk of Advanced Colorectal Neoplasia in Patients With Primary Sclerosing Cholangitis Associated
With Inflammatory Bowel Disease. Clin. Gastroenterol. Hepatol. 2018, 16, 1106-1113. [CrossRef] [PubMed]

Choi, C.R.; Al Bakir, I; Ding, N.J.; Lee, G.H.; Askari, A.; Warusavitarne, J.; Moorghen, M.; Humphries, A.; Ignjatovic-Wilson, A;
Thomas-Gibson, S.; et al. Cumulative burden of inflammation predicts colorectal neoplasia risk in ulcerative colitis: A large
single-centre study. Gut 2019, 68, 414—422. [CrossRef] [PubMed]

Huguet, ].M.; Ferrer-Barcel6, L.; Suarez, P.; Sanchez, E.; Prieto, ].D.; Garcia, V.; Sempere, J. Colorectal cancer screening and
surveillance in patients with inflammatory bowel disease in 2021. World ]. Gastroenterol. 2022, 28, 502-516. [CrossRef]

Bye, W.A.; Ma, C.; Nguyen, T.M.; Parker, C.E,; Jairath, V.; East, ].E. Strategies for Detecting Colorectal Cancer in Patients with
Inflammatory Bowel Disease: A Cochrane Systematic Review and Meta-Analysis. Am. J. Gastroenterol. 2018, 113, 1801-1809.
[CrossRef]

Maaser, C.; Sturm, A.; Vavricka, S.R.; Kucharzik, T.; Fiorino, G.; Annese, V.; Calabrese, E.; Baumgart, D.C.; Bettenworth, D.;
Borralho Nunes, P; et al. ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 1: Initial diagnosis, monitoring of
known IBD, detection of complications. J. Crohns Colitis 2019, 13, 144-164. [CrossRef]


https://doi.org/10.1158/1541-7786.MCR-17-0451
https://www.ncbi.nlm.nih.gov/pubmed/29378905
https://doi.org/10.1111/j.1572-0241.2000.02315.x
https://www.ncbi.nlm.nih.gov/pubmed/11007232
https://doi.org/10.1007/s10350-008-9212-9
https://doi.org/10.1080/00365520601013747
https://doi.org/10.3892/ijo.2011.1283
https://doi.org/10.1053/j.gastro.2016.04.001
https://doi.org/10.1053/j.gastro.2021.04.042
https://doi.org/10.1053/j.gastro.2015.12.036
https://doi.org/10.1053/j.gastro.2011.01.057
https://www.ncbi.nlm.nih.gov/pubmed/21530747
https://doi.org/10.1056/NEJMra1403718
https://www.ncbi.nlm.nih.gov/pubmed/25853748
https://doi.org/10.18632/oncotarget.14549
https://www.ncbi.nlm.nih.gov/pubmed/28077799
https://doi.org/10.1080/17474124.2017.1292129
https://www.ncbi.nlm.nih.gov/pubmed/28165825
https://doi.org/10.3390/cancers13122908
https://doi.org/10.3390/curroncol29090479
https://doi.org/10.1053/j.gastro.2021.10.035
https://doi.org/10.1053/j.gastro.2021.05.063
https://doi.org/10.1053/j.gastro.2005.12.035
https://doi.org/10.1016/S0016-5085(98)70077-0
https://doi.org/10.1053/j.gastro.2010.02.007
https://doi.org/10.1016/j.cgh.2018.01.023
https://www.ncbi.nlm.nih.gov/pubmed/29378311
https://doi.org/10.1136/gutjnl-2017-314190
https://www.ncbi.nlm.nih.gov/pubmed/29150489
https://doi.org/10.3748/wjg.v28.i5.502
https://doi.org/10.1038/s41395-018-0354-7
https://doi.org/10.1093/ecco-jcc/jjy113

Cancers 2023, 15, 4154 10 of 11

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Lamb, C.A.; Kennedy, N.A.; Raine, T.; Hendy, P.A.; Smith, PJ; Limdi, ] K, Hayee, B.; Lomer, M.C.E.; Parkes, G.C,;
Selinger, C.; et al. British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel disease in
adults. Gut 2019, 68, s1-s106. [CrossRef] [PubMed]

Laine, L.; Kaltenbach, T.; Barkun, A.; McQuaid, K.R.; Subramanian, V.; Soetikno, R.; Panel, S.G.D. SCENIC international
consensus statement on surveillance and management of dysplasia in inflammatory bowel disease. Gastrointest. Endosc. 2015,
81, 489-501.e426. [CrossRef]

Kawachi, H. Histopathological diagnosis of ulcerative colitis-associated neoplasia. Dig. Endosc. 2019, 31 (Suppl. S1), 31-35.
[CrossRef]

Al Bakir, I.; Kabir, M.; Yalchin, M.; Hart, A. Optimising inflammatory bowel disease surveillance and dysplasia management-
Where do we stand? United Eur. Gastroenterol. |. 2022, 10, 1054-1062. [CrossRef]

Bisschops, R.; East, ].E.; Hassan, C.; Hazewinkel, Y.; Kaminski, M.E,; Neumann, H.; Pellise, M.; Antonelli, G.; Bustamante
Balen, M.; Coron, E.; et al. Advanced imaging for detection and differentiation of colorectal neoplasia: European Society of
Gastrointestinal Endoscopy (ESGE) Guideline—Update 2019. Endoscopy 2019, 51, 1155-1179.

Ran, Z.; Wu, K.; Matsuoka, K;; Jeen, Y.T.; Wei, S.C.; Ahuja, V.; Chen, M.; Hu, PJ.; Andoh, A; Kim, H.J.; et al. Asian Organization
for Crohn’s and Colitis and Asia Pacific Association of Gastroenterology practice recommendations for medical management and
monitoring of inflammatory bowel disease in Asia. J. Gastroenterol. Hepatol. 2021, 36, 637—-645. [CrossRef] [PubMed]
Subramanian, V.; Ramappa, V.; Telakis, E.; Mannath, J.; Jawhari, A.U.; Hawkey, C.J.; Ragunath, K. Comparison of high definition
with standard white light endoscopy for detection of dysplastic lesions during surveillance colonoscopy in patients with colonic
inflammatory bowel disease. Inflamm. Bowel. Dis. 2013, 19, 350-355. [CrossRef]

Alexandersson, B.; Hamad, Y.; Andreasson, A.; Rubio, C.A.; Ando, Y.; Tanaka, K,; Ichiya, T.; Rezaie, R.; Schmidt, P.T. High-
Definition Chromoendoscopy Superior to High-Definition White-Light Endoscopy in Surveillance of Inflammatory Bowel
Diseases in a Randomized Trial. Clin. Gastroenterol. Hepatol. 2020, 18, 2101-2107. [CrossRef]

Clarke, K.; Kang, M.; Gorrepati, V.S.; Stine, ].G.; Tinsley, A.; Williams, E.; Moyer, M.; Coates, M. Dysplasia detection is similar
between chromoendoscopy and high-definition white-light colonoscopy in inflammatory bowel disease patients: A US-matched
case-control study. Int. ]. Color. Dis. 2020, 35, 2301-2307. [CrossRef]

Wan, J.; Wang, X.; Yang, Z.P.; Wu, K.C. Systematic review with meta-analysis: Chromoendoscopy versus white light endoscopy in
detection of dysplasia in patients with inflammatory bowel disease. J. Dig. Dis. 2019, 20, 206-214. [CrossRef] [PubMed]
El-Dallal, M.; Chen, Y,; Lin, Q.; Rakowsky, S.; Sattler, L.; Foromera, J.; Grossberg, L.; Cheifetz, A.S.; Feuerstein, ].D. Meta-analysis
of Virtual-based Chromoendoscopy Compared With Dye-spraying Chromoendoscopy Standard and High-definition White
Light Endoscopy in Patients With Inflammatory Bowel Disease at Increased Risk of Colon Cancer. Inflamm. Bowel. Dis. 2020,
26,1319-1329. [CrossRef]

Bisschops, R.; Bessissow, T.; Joseph, J.A.; Baert, F; Ferrante, M.; Ballet, V.; Willekens, H.; Demedts, I.; Geboes, K;
De Hertogh, G.; et al. Chromoendoscopy versus narrow band imaging in UC: A prospective randomised controlled
trial. Gut 2018, 67, 1087-1094. [CrossRef] [PubMed]

Farraye, F.A.; Odze, R.D.; Eaden, ]J.; Itzkowitz, S.H.; McCabe, R.P.; Dassopoulos, T.; Lewis, ].D.; Ullman, T.A.; James, T., 3rd;
McLeod, R.; et al. AGA medical position statement on the diagnosis and management of colorectal neoplasia in inflammatory
bowel disease. Gastroenterology 2010, 138, 738-745. [CrossRef]

Tacucci, M.; Cannatelli, R.; Tontini, G.E.; Panaccione, R.; Danese, S.; Fiorino, G.; Matsumoto, T.; Kochhar, G.S.; Shen, B.;
Kiesslich, R.; et al. Improving the quality of surveillance colonoscopy in inflammatory bowel disease. Lancet Gastroenterol. Hepatol.
2019, 4, 971-983. [CrossRef]

Manta, R.; Zullo, A.; Telesca, D.A.; Castellani, D.; Germani, U.; Reggiani Bonetti, L.; Conigliaro, R.; Galloro, G. Endoscopic
Submucosal Dissection for Visible Dysplasia Treatment in Ulcerative Colitis Patients: Cases Series and Systematic Review of
Literature. J. Crohns Colitis 2021, 15, 165-168. [CrossRef] [PubMed]

Hsiao, S.W.; Yen, H.H.; Chen, Y.Y. Chemoprevention of Colitis-Associated Dysplasia or Cancer in Inflammatory Bowel Disease.
Gut Liver. 2022, 16, 840-848. [CrossRef] [PubMed]

Qiu, X.; Ma, J.; Wang, K.; Zhang, H. Chemopreventive effects of 5-aminosalicylic acid on inflammatory bowel disease-associated
colorectal cancer and dysplasia: A systematic review with meta-analysis. Oncotarget 2017, 8, 1031-1045. [CrossRef] [PubMed]
Harbord, M.; Eliakim, R.; Bettenworth, D.; Karmiris, K.; Katsanos, K.; Kopylov, U.; Kucharzik, T.; Molnar, T; Raine, T.; Sebastian,
S.; et al. Third European Evidence-based Consensus on Diagnosis and Management of Ulcerative Colitis. Part 2: Current
Management. J. Crohns Colitis 2017, 11, 769-784. [CrossRef]

Nakase, H.; Uchino, M.; Shinzaki, S.; Matsuura, M.; Matsuoka, K.; Kobayashi, T.; Saruta, M.; Hirai, F.; Hata, K.; Hiraoka, S.; et al.
Evidence-based clinical practice guidelines for inflammatory bowel disease 2020. J. Gastroenterol. 2021, 56, 489-526. [CrossRef]
Oresland, T.; Bemelman, W.A.; Sampietro, G.M.; Spinelli, A.; Windsor, A.; Ferrante, M.; Marteau, P.; Zmora, O.; Kotze, P.G;
Espin-Basany, E.; et al. European evidence based consensus on surgery for ulcerative colitis. J. Crohns Colitis 2015, 9, 4-25.
[CrossRef]

Bemelman, W.A.; Warusavitarne, J.; Sampietro, G.M.; Serclova, Z.; Zmora, O.; Luglio, G.; de Buck van Overstraeten, A.; Burke, J.P;
Buskens, C.J.; Colombo, E; et al. ECCO-ESCP Consensus on Surgery for Crohn’s Disease. ]. Crohns Colitis 2018, 12, 1-16.
[CrossRef]


https://doi.org/10.1136/gutjnl-2019-318484
https://www.ncbi.nlm.nih.gov/pubmed/31562236
https://doi.org/10.1016/j.gie.2014.12.009
https://doi.org/10.1111/den.13387
https://doi.org/10.1002/ueg2.12330
https://doi.org/10.1111/jgh.15185
https://www.ncbi.nlm.nih.gov/pubmed/32672839
https://doi.org/10.1002/ibd.23002
https://doi.org/10.1016/j.cgh.2020.04.049
https://doi.org/10.1007/s00384-020-03719-3
https://doi.org/10.1111/1751-2980.12714
https://www.ncbi.nlm.nih.gov/pubmed/30756472
https://doi.org/10.1093/ibd/izaa011
https://doi.org/10.1136/gutjnl-2016-313213
https://www.ncbi.nlm.nih.gov/pubmed/28698230
https://doi.org/10.1053/j.gastro.2009.12.037
https://doi.org/10.1016/S2468-1253(19)30194-3
https://doi.org/10.1093/ecco-jcc/jjaa158
https://www.ncbi.nlm.nih.gov/pubmed/32710744
https://doi.org/10.5009/gnl210479
https://www.ncbi.nlm.nih.gov/pubmed/35670121
https://doi.org/10.18632/oncotarget.13715
https://www.ncbi.nlm.nih.gov/pubmed/27906680
https://doi.org/10.1093/ecco-jcc/jjx009
https://doi.org/10.1007/s00535-021-01784-1
https://doi.org/10.1016/j.crohns.2014.08.012
https://doi.org/10.1093/ecco-jcc/jjx061

Cancers 2023, 15, 4154 11 of 11

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Kirat, H.T.; Remzi, EH.; Kiran, R.P,; Fazio, VW. Comparison of outcomes after hand-sewn versus stapled ileal pouch-anal
anastomosis in 3,109 patients. Surgery 2009, 146, 723-729; discussion 729-730. [CrossRef]

Selvaggi, E; Pellino, G.; Canonico, S.; Sciaudone, G. Systematic review of cuff and pouch cancer in patients with ileal pelvic pouch
for ulcerative colitis. Inflamm. Bowel. Dis. 2014, 20, 1296-1308. [CrossRef]

Ten Hove, J.R.; Bogaerts, ] M.K.; Bak, M.T.J.; Laclé, M.M.; Meij, V.; Derikx, L.; Hoentjen, F; Mahmmod, N.; van Tuyl, S.A,;
Oldenburg, B. Malignant and Nonmalignant Complications of the Rectal Stump in Patients with Inflammatory Bowel Disease.
Inflamm. Bowel. Dis. 2019, 25, 377-384. [CrossRef]

Derikx, L.; Nissen, L.H.C.; Smits, L.].T.; Shen, B.; Hoentjen, F. Risk of Neoplasia After Colectomy in Patients With Inflammatory
Bowel Disease: A Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2016, 14, 798-806. [CrossRef] [PubMed]
Georganta, I.; McIntosh, S.; Boldovjakova, D.; Parnaby, C.N.; Watson, A.J.M.; Ramsay, G. The incidence of malignancy in the
residual rectum of IBD patients after colectomy: A systematic review and meta-analysis. Tech. Coloproctol. 2023, 27, 699-712.
[CrossRef]

Bogach, J.; Pond, G.; Eskicioglu, C.; Simunovic, M.; Seow, H. Extent of Surgical Resection in Inflammatory Bowel Disease
Associated Colorectal Cancer: A Population-Based Study. J. Gastrointest. Surg. 2021, 25, 2610-2618. [CrossRef]

Ramsey, M.; Krishna, S.G.; Stanich, PP; Husain, S.; Levine, E.J.; Conwell, D.; Hinton, A.; Zhang, C. Inflammatory Bowel
Disease Adversely Impacts Colorectal Cancer Surgery Short-term Outcomes and Health-Care Resource Utilization. Clin. Transl.
Gastroenterol. 2017, 8, €127. [CrossRef] [PubMed]

Fornaro, R.; Caratto, M.; Caratto, E.; Caristo, G.; Fornaro, F.; Giovinazzo, D.; Sticchi, C.; Casaccia, M.; Andorno, E. Colorectal
Cancer in Patients With Inflammatory Bowel Disease: The Need for a Real Surveillance Program. Clin. Color. Cancer 2016,
15,204-212. [CrossRef] [PubMed]

Mohan, B.P;; Khan, S.R.; Chandan, S.; Kassab, L.L.; Ponnada, S.; Asokkumar, R.; Shen, B.; Iacucci, M.; Navaneethan, U. Endoscopic
resection of colon dysplasia in patients with inflammatory bowel disease: A systematic review and meta-analysis. Gastrointest.
Endosc. 2021, 93, 59-67. [CrossRef]

Lin, V.A.; Lohse, R.; Madsen, M.T.; Fransgaard, T.; Remzi, FH.; Gogenur, I. Long-Term Outcomes After Colorectal Surgery
in Patients with Ulcerative Colitis-Associated Colorectal Cancer Versus Sporadic Colorectal Cancer. Ann. Surg. Oncol. 2022,
29, 2505-2512. [CrossRef]

Kuryba, A J.; Vallance, A.E.; Boyle, ].M.; Braun, M.S.; Blake, H.A.; van der Meulen, J.; Fearnhead, N.S.; Walker, K. Outcomes of
colorectal cancer resection in patients with inflammatory bowel disease: A national population-based analysis in England and
Wales. Color. Dis. 2022, 24, 965-974. [CrossRef]

Lu, C.; Schardey, J.; Zhang, T.; Crispin, A.; Wirth, U.; Karcz, KW.; Bazhin, A.V.; Andrassy, J.; Werner, ].; Kuhn, F. Survival
Outcomes and Clinicopathological Features in Inflammatory Bowel Disease-associated Colorectal Cancer: A Systematic Review
and Meta-analysis. Ann. Surg. 2022, 276, €319-e330. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.surg.2009.06.041
https://doi.org/10.1097/MIB.0000000000000026
https://doi.org/10.1093/ibd/izy253
https://doi.org/10.1016/j.cgh.2015.08.042
https://www.ncbi.nlm.nih.gov/pubmed/26407752
https://doi.org/10.1007/s10151-023-02762-w
https://doi.org/10.1007/s11605-021-04913-6
https://doi.org/10.1038/ctg.2017.54
https://www.ncbi.nlm.nih.gov/pubmed/29189768
https://doi.org/10.1016/j.clcc.2016.02.002
https://www.ncbi.nlm.nih.gov/pubmed/27083409
https://doi.org/10.1016/j.gie.2020.06.048
https://doi.org/10.1245/s10434-021-10759-8
https://doi.org/10.1111/codi.16133
https://doi.org/10.1097/SLA.0000000000005339

	Introduction 
	Epidemiology 
	Etiology and Molecular Mechanism 
	Risk Factors for Carcinogenesis 
	Patient-Related Factors 
	Disease-Related Factors 

	Surveillance Strategy and Management 
	Surveillance Strategies 
	Recommended Endoscopic Techniques 
	Management of Dysplasia 
	Chemoprevention of IBD-CRC 
	Surgical Management of IBD-CRC 

	IBD-CRC Prognosis 
	Conclusions and Future Directions 
	References

