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Patients with inflammatory bowel disease (IBD) are at
increased risk of developing colorectal cancer (CRC),
despite decreases in CRC incidence in recent years. Chronic
inflammation is the driver of neoplastic progression,
resulting in dysplastic precursor lesions that may arise in
multiple areas of the colon through a process of field
cancerization. Colitis-associated CRC shares many molec-
ular similarities with sporadic CRC, and preclinical in-
vestigations have demonstrated a potential role for the
microbiome in concert with the host immune system in the
development of colitis-associated colorectal cancer (CAC).
Some unique molecular differences occur in CAC, but their
role in the pathogenesis and behavior of inflammation-
associated cancers remains to be elucidated. Nonconven-
tional types of dysplasia have been increasingly
recognized, but their natural history is not well defined,
and they have not been incorporated into surveillance al-
gorithms. The concept of cumulative inflammatory burden
highlights the importance of considering histologic
inflammation over time as an important risk factor for
CAC. Dysplasia is arguably the most important risk factor
for developing CAC, and advances have been made in the
endoscopic detection and removal of precancerous lesions,
thereby deferring or avoiding surgical resection. Some of
the agents used to treat IBD are chemopreventive. It is
hoped that by gaining better control of the underlying
inflammation with newer medications and better endo-
scopic detection and management, a more sophisticated
appreciation of clinicopathologic risk factors, and growing
awareness of the genetic, immunologic, and environmental
causes of colitis- associated neoplasia, that colitis-
associated colorectal neoplasia will become even more
predictable and manageable in the coming years.

he inflammatory bowel diseases (IBDs) ulcerative

(high-grade dysplasia or colorectal cancer); BFT, Bacteroides fragilis
toxin; CAC, colitis-associated colorectal cancer; CD, Crohn’s disease;
CIB, cumulative inflammatory burden; CMS, consensus molecular sub-
type; CRC, colorectal cancer; CRN, colorectal neoplasia; HD-WLE, high-
definition white light endoscopy; HGD, high-grade dysplasia; IBD,
inflammatory bowel disease; IND, indefinite dysplasia; LGD, low-grade
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Tcolitis (UC) and Crohn’s disease (CD), are chronic
inflammatory disorders that primarily involve the luminal
GI tract. The precise etiology for these disorders, although
still undefined, involves a complex interaction between
immune dysregulation, microbial dysbiosis, and environ-
mental triggers in individuals with underlying genetic pre-
disposition. These same factors also contribute to one of the
most feared complications of chronic colonic inflamma-
tion—colorectal cancer (CRC). For decades, factors
contributing to the development of colitis-associated colo-
rectal cancer (CAC), and approaches to mitigate risk by
endoscopic means and chemoprevention, have been the
topic of investigation, and the reader is referred to previous
reviews on the subject.1,2 This review is meant to provide a
more up-to-date understanding of the epidemiology, path-
ogenesis, pathology, risk prediction and clinical manage-
ment of CAC.

Epidemiology
Long-standing UC and Crohn’s colitis (except limited

proctitis) have an approximately 2–3-fold increased risk of
CRC, with estimates varying depending on the study, time
period, and individual risk factors.3,4 Fortunately, it appears
that rates of CAC are decreasing over time, probably
reflecting improved medical therapies and colonoscopic
screening/surveillance.5,6 Regardless, CAC is still a leading
cause of mortality and reason for colectomy in this popu-
lation.7 A meta-analysis from 2001 of studies before the era
of improved medical therapies and improved endoscopic
imaging/management reported an overall prevalence of
CRC in any UC patient to be 3.2%, with a cumulative risk
of CRC of 2%, 8%, and 18% after 10, 20, and 30 years of
disease, respectively.8 More recent studies suggest that this
risk is lower, on the order of 1%, 3%, and 7% at 10, 20, and
30 years.9 Data from Asian-Pacific populations, where the
increase in IBD incidence is more recent and sharper
compared with Western industrialized populations,
demonstrate similarly increased risk of CRC in patients with
IBD colitis. A meta-analysis of 31,287 patients with UC from
44 studies conducted in Asian countries reported a pooled
prevalence of CRC of 0.85%, with 0.02%, 4.8%, and 13.9%
cumulative risk at 10, 20, and 30 years.10 Whether CRC risk
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in IBD differs based on ethnic origin or geographic location
remains to be clarified, but it is important to consider these
estimates in the context of differential surveillance prac-
tices, access to GI specialty care, use of IBD therapies,
possibly diet, and other nonbiological factors.11

Pathogenesis of CAC
CRC arising in IBD is often considered the prototype of

inflammation-induced carcinogenesis. Chronic inflammation
generates oxidative stress–induced damage to DNA that
may activate tumor-promoting genes and inactivate tumor-
suppressing genes.12 Markers of oxidative damage and DNA
double-strand breaks increase progressively in the
inflammation-dysplasia-carcinoma sequence.13 Factors
generated by the host immune response, with contributions
from the gut microbiome and its products, contribute to the
inflammatory and carcinogenic process. The net result is a
sequence of events that causes genetic (eg, mutations) and
epigenetic (eg, methylation) alterations, followed by clonal
expansion of somatic epithelial cells, with influences coming
from surrounding stromal and immune cells.

Unlike sporadic dysplastic polyps (adenomas, sessile
serrated polyps), which develop as discrete, typically visible
lesions that are few in number, in the case of IBD, large
swaths of chronically inflamed mucosa are prone to
neoplastic transformation in a process termed “field can-
cerization.” In studies that followed UC patients with
repeated colonoscopies, cell populations that demonstrated
aneuploidy as a marker of genomic instability remained in
the same colonic location but spread over time to occupy
larger areas of mucosa.14 Even before histologic evidence of
dysplasia, mutant cell clones demonstrate genomic and
epigenomic alterations that confer a survival advantage,
allowing them to spread over large areas of colonic mucosa,
resulting in the clinically well described high rates of syn-
chronous and metachronous neoplasms.15

The same major molecular pathways that give rise to
sporadic CRC (sCRC), namely, chromosomal instability, mi-
crosatellite instability (MSI), and CpG island methylator
phenotype (CIMP), contribute to the development of CAC12

(Figure 1). Not surprisingly, therefore, many of the same
driver genes, such as APC, KRAS, P53, PIK3CA, SMAD4,
ARID1A, MYC, and others, are operative in both types of
cancers.16–18 Some gene mutations have been detected more
frequently in CAC than in sCRC, but studies differ with
respect to those individual genes and their frequency.16–19 A
reproducible observation concerning CAC pathogenesis is
that the timing and frequency of some of the common gene
alterations are different from those in sCRC. In the CAC
process, APC gene mutation and loss occur less often and
later in the dysplasia-carcinoma sequence, and P53 muta-
tion and loss occur frequently and very early in the process,
even before dysplasia20 (Figure 2). Mutations in conven-
tional driver genes tend to be clonal within a carcinoma, and
the clonal frequency, even of the genes that are more
commonly mutated in CACs, are often shared by the sur-
rounding nondysplastic mucosa, indicating common early
events.19 Studies employing mutational analysis and chro-
mosomal copy number alterations demonstrated similarity
between high-grade dysplasia (HGD) and CAC, with a rather
marked transition of molecular changes between low-grade
dysplasia (LGD) and HGD.19 This supports the so-called “Big
Bang” model of CRC evolution,21 whereby chronic inflam-
mation induces tumor-promoting molecular alterations in
preexisting clonal cell populations that occur abruptly,
rather than a gradual accumulation driven by pressures
from the microenvironment. Underlying all of the above
observations is the stochastic model of sCRC carcinogenesis,
which posits that the colorectum is an organ with an
inherently high rate of stem cell divisions, which, over the
course of a lifetime, translates into a high cancer risk,
influenced by environmental and inherited factors.22

Transcriptomic analysis has classified sCRCs into 4
consensus molecular subtypes (CMSs), permitting a more
accurate prediction of CRC behavior, such as metastatic
potential, prognosis, and response to therapy23 (Figure 1).
Most MSI-positive sCRCs cluster in the CMS1 group (“MSI
immune subtype”; 14% of total), and are characterized by
hypermutation, hypermethylation, BRAFV600E mutations,
strong infiltration of immune cells, and proximal colon
predominance. These tumors are highly immunogenic
owing to neoantigens generated from the hypermutability
that attract an infiltrate of adaptive cytotoxic cells and
activated TH1 cells which is counterbalanced by up-
regulation of immune checkpoints. The remaining 86% of
sCRCs demonstrate chromosomal instability and are classi-
fied into 3 groups: CMS2 (“canonical subtype”; 37% of to-
tal), which demonstrate epithelial cell differentiation with
up-regulation of WNT and MYC downstream targets, and
higher expression of EGFR and HNF4A; CMS3 (“metabolic
subtype”; 13% of total), which are enriched in KRAS muta-
tions and demonstrate reprogramming of metabolic path-
ways (eg, glutaminolysis and lipidogenesis); and CMS4
(“mesenchymal subtype”; 23% of total), which have acti-
vated pathways related to epithelial-mesenchymal transi-
tion and stemness, such as transforming growth factor b and
integrins, and demonstrate a prominent stromal cell infil-
tration. Sporadic CMS4 tumors are considered to be the
“inflamed” subtype, with infiltration by Treg, TH17, and
innate immune cells, along with cytokines such as in-
terleukins (ILs) 23 and 17, and are associated with location
in the distal colon and higher rates of distant relapse and
death.

Little is known about the CMS classification of CAC, but
one comprehensive study of a limited number of CACs
demonstrated a complete lack of CMS2 tumors and a
skewing toward the CMS4-associated epithelial-
mesenchymal transition pathway and an increase in CD4þ
T cells and monocytes compared with sCRC17 (Figure 1).
CACs also demonstrated a relative loss of HNF4 expression,
and overexpression of OSMR, which may contribute to a
more mesenchymal phenotype. It is tempting to speculate
that the remodeling of the mesenchyme surrounding the
colonic crypts that is seen in patients with IBD likely con-
tributes to the carcinogenesis process.24 The shift toward a
CMS4 phenotype in IBD is also consistent with the obser-
vation that dysplasia is more frequent and progresses more
rapidly to HGD and CRC in the distal colon.25



Figure 1.Molecular pathogenesis of colitis-associated colorectal cancer (CRC) compared with sporadic CRC. (A) Sporadic
CRC arises from adenoma (and sessile serrated polyp) precursors that progress through various stages until carcinoma. Loss
of APC function is considered an early event and P53 mutations/loss are late. (B) In contrast, colitis-associated CRC also
progresses through dysplastic precursor lesions, which tend to have a flatter morphology and demonstrate reversal of the APC
and P53 sequence of molecular alterations, with P53 changes being very early, even before dysplasia. The molecular alter-
ations associated with both sporadic and colitis-associated carcinogenesis are influenced by environmental factors, including
general and specific components of the microbiome. COX-2, cyclooxygenase-2; DCC, deleted in colon cancer; DPC4, deleted
in pancreatic cancer; Kras, Kirsten rat sarcoma viral oncogene homolog; LOH, loss of heterozygosity; miRNA, microRNA.
Adapted from: Beaugerie and Itzkowitz20 with permission.
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Knowledge of the role of bacteria in the carcinogenic
process comes from studies using a variety of experimental
techniques, such as in vitro cell culture and intestinal
organoid models, and mouse models of inflammation.
Translational studies using human colorectal biopsies and
feces have been performed, but mostly on individuals with
sporadic colorectal neoplasms. It is unrealistic to expect that
a single organism, or 2, will be identified as the carcinogenic
culprit in CAC (or sCRC). More likely, CAC arises from
dysbiosis among a community of commensals, involving a
restriction of microbial diversity, as seen with colitis itself.
And although studies have disclosed an association between
certain tumor-promoting bacterial species and CRC, it is
conceivable that an absence of protective strains might be
important, albeit more difficult to investigate.

Three bacterial species in particular have been linked to
the process of human colorectal carcinogenesis: Fusobacte-
rium nucleatum (Fn), Escherichia coli containing pathogenic



Figure 2.Molecular and immunologic classification of colorectal cancers (CRCs). Categorization is predominantly based on
observations from sporadic CRC (sCRC). Microsatellite instability (MSI) is highly correlated with hypermutation, hyper-
methylation, adaptive immune cell infiltration, activation of Kras and Braf, and proximal colon location. Tumors manifesting
chromosomal instability (CIN) are more heterogeneous but are typically microsatellite stable. In general, sCRCs manifest
epithelial canonic genetic pathways involving Wnt and Myc activation. In CAC, the proportion of MSI-positive tumors is
approximately similar to that in sCRC. However, CACs demonstrate a shift from the epithelial consensus molecular subtype
(CMS) 2 toward the more mesenchymal CMS4 phenotype (epithelial-mesenchymal transition), with dysregulation of Wnt
signaling in favor of TGF-b activation, and an “immune-inflamed” immuosuppressive micro-environment enriched in CD4þ
cells.17 EGFR, epidermal growth factor receptor; JAK, Janus kinase; STAT, signal transducer and activator of transcription;
TGF, transforming growth factor; VEGF, vascular endothelial growth factor. Adapted from: Nature Reviews Cancer 17:79,
2017, with permission.
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polyketide synthetase (pks) islands, and Bacteroides fragilis
expressing B. fragilis toxin (BFT).26 A role for Fn in human
colon carcinogenesis is supported by clinical and preclinical
studies demonstrating that Fn levels were higher in spo-
radic CRC and HGD tissues and were associated with
metastasis and worse prognosis.27,28 In some mouse
models, introduction of Fn resulted in an acceleration of
colorectal tumorigenesis, infiltration of myeloid cells into
tumors, and a nuclear factor (NF) kB pro-inflammatory
signature.29 However, Fn did not accelerate tumorigenesis
in two mouse models of colitis-associated carcinogenesis,29

and less is known about a possible role for Fn in human
CAC.

The intestinal microbiota of patients with IBD demon-
strates a greater abundance of Enterobacteriaceae/E. coli,
and patients with IBD and CRC have increased prevalence of
mucosa-associated E. coli compared with non-IBD and non-
CRC patients.30 E. coli strains that harbor the pks gene
cluster have been found more often in biopsies from CRC
(67%) and IBD (40%) than in healthy control subjects
(21%). Such strains have received considerable attention
because of their ability to promote tumor formation in
murine models of CAC.31 The exposure of colonic epithelial
cells to pksþ E. coli results in oncogenic phenotypes that
manifest WNT independence and increased proliferation.31

Mouse models of CAC have demonstrated that the pres-
ence of pksþ E. coli promoted DNA damage and neoplastic
transformation, but only under conditions with mucosal
inflammation (eg, azoxymethane-treated IL10�/� mice)
and not when inflammation was abrogated (IL10�/�;
Rag2�/� mice).30 In addition, inhibiting nitrate reductase
activity to reduce E. coli colonization during inflammation
abrogated pks-associated tumorigenesis.32

The pks island encodes colibactin, a genotoxin implicated
in causing a unique mutational signature in target cells. This
mutational signature, found in approximately 5% of primary
sCRCs and up to 9% of metastatic sCRCs, is even thought to
arise from a mutational event in early childhood in healthy
human colonic crypts.33 But the fact that the prevalence of
pksþ E. coli colonization is so much greater than the pro-
portion of individuals carrying the colibactin mutational
signature suggests that the physiologic environment con-
tributes to any genotoxic activity. Indeed, E. coli Nissle 1917,
despite carrying the pks island, has been used as a beneficial
probiotic. Thus, in human CAC, the role of pksþ E. coli, and
colibactin specifically, remains to be further elucidated.

Enterotoxigenic Bacteroides fragilis elaborates the
pathogenic BFT, which binds to a specific colonic epithelial
cell receptor, activating Wnt and NF-kB signaling pathways
resulting in increased cell proliferation, epithelial release of
pro-inflammatory mediators, and DNA damage.34 The bft
gene sequences have been found in the mucosa of 90% of
patients with sporadic colorectal neoplasia, compared with
55% of controls34 and in the stool of approximately 14% of
patients with IBD.35 BFT induces acute and chronic colitis in
mice, and in the MinApcþ/� mouse model, it promotes IL-17–
dependent colon carcinogenesis.34 In the APCMin model, BFT
induces IL-17 and Stat3 activation along the length of the
colon and enhances distal colon carcinogenesis through
activation of NF-kB in distal colonic epithelial cells.36
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Nonenterotoxigenic B. fragilis, considered to be a
commensal, does not appear to carry the same carcinogenic
potential as enterotoxigenic B. fragilis.

Bacterial communities, rather than individual organisms,
have been associated with colorectal carcinogenesis. Bac-
terial biofilms that are mucus-invasive have been identified
on the colonic mucosa of about 50% of patients with spo-
radic CRC and 13% of healthy control subjects.37 Others
have reported bacteria biofilms in 90%–95% of patients
with IBD and self-limited colitis, 65% of patients with IBS,
and 35% of healthy control subjects, with B. fragilis being
the major component of IBD biofilms.38 As with sCRC,
parsing out the interplay between host factors (genetics,
immune response) and environmental factors (diet, mi-
crobes) is the subject of continuing investigation.
Figure 3. Histologic examples of conventional dysplasia. (A)
Sporadic adenoma demonstrating dysplastic crypts at the
surface of the polyp (“top-down”). (B) Colitis-associated
dysplastic lesion demonstrating dysplastic cells occupying
the full height of the crypts. Both are examples of low-grade
dysplasia. Courtesy of Noam Harpaz, MD, PhD.
Types of Dysplasia
Histologically, dysplasia in IBD often looks like dysplasia

in sporadic adenomas, resembling tubular, tubulovillous, or
villous adenomas. Although a clear distinction cannot be
relied on, dysplastic cells in sporadic adenomas often
occupy the upper portion of neoplastic crypts (so-called top-
down dysplasia), whereas with colitis the dysplastic cells
tend to occupy the entire height of the crypts (Figure 3). To
date, clinical algorithms for colonoscopic surveillance in-
tervals are based on finding conventional dysplastic lesions.
But many types of nonconventional dysplasia are well
described in IBD, even though strictly applied morphologic
criteria are not yet universally agreed on. These have been
grouped into the following 5 categories: hypermucinous,
goblet-cell deficient, crypt cell dysplasia/terminal epithelial
differentiation, dysplasia with increased Paneth cell differ-
entiation, and serrated type (including traditional serrated
adenoma-like, sessile serrated lesion-like, and serrated
lesion not otherwise specified).39 Nonconventional
dysplastic lesions may occur in up to one-third of patients
with dysplasia and are more likely than conventional types
to be aneuploid and to develop HGD or CRC in the same
colonic segment on follow-up, and a sizable minority occur
as endoscopically flat/invisible lesions, arguing in favor of
performing random biopsies.40 Nonconventional types of
dysplasia are often found in the same segment of colon as
conventional dysplasia, and often adjacent to a CRC. When
present without conventional dysplasia, nonconventional
dysplasia has more often been found in the left colon and to
be associated with CRC that is poorly differentiated.39

Although the serrated neoplasia pathway contributes to
approximately 20% of sCRCs,41 its contribution to IBD-
associated carcinogenesis is less clear and more contro-
versial. A series looking specifically at endoscopically visible
serrated polyps (SPs) found them in 1%–2% of patients
with chronic IBD, usually manifesting as a protruding lesion
in an area that had been involved with chronic inflamma-
tion.42 The authors subclassified these polyps according to
the degree of cytologic dysplasia present, if any, and found
that SPs negative for dysplasia histologically resembled
sporadic sessile serrated lesions and likewise occurred
mostly in women and in the proximal colon, and contained
BRAF mutations. Conversely, IBD-associated SPs with LGD
resembled sporadic traditional serrated adenomas and
occurred mostly in men and in the distal colon, and had
KRAS mutations.42 Importantly, the actuarial 10-year rate of
developing advanced neoplasia was 0% for IBD-associated
SPs negative for dysplasia, which was similar to both a
reference cohort population without dysplasia at baseline
and to index hyperplastic polyps in the study. In contrast,
actuarial 10-year rate of advanced neoplasia was 17% for
IBD-associated SPs with LGD, which was similar to the
cohort population with LGD at baseline. These results sug-
gest that for endoscopically visible, histologically confirmed
SPs identified in IBD, the presence and degree of cytologic
dysplasia dictates risk of neoplastic progression.

Serrated (or hyperplastic) epithelium is often seen in
regenerating post-inflammatory colonic epithelium and is
therefore a normal component of mucosal healing in IBD.
Thus, any neoplastic transformation assuming a serrated
phenotype would have to be distinguished from a benign
regenerating process, particularly because both are associ-
ated with longer disease duration and more severely active
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inflammation. In patients with UC, those with lesions that
have been referred to as “serrated epithelial change” (SEC)
had an approximately 4-fold greater overall risk of subse-
quent neoplasia compared with no SEC, and SEC was
detected most often by random biopsy of flat mucosa
(66%).43 Until more is known about the natural history of
nonconventional dysplasia in IBD, it is not clear how to
integrate these lesions into clinical surveillance and man-
agement decisions.

Clinical Approach for Preventing CAC
To attenuate CAC risk, the approach to management

hinges on accurately assessing individual patient risk.
Despite a substantial body of literature spanning decades,
our understanding of the magnitude and significance of risk
independently associated with putative determinants, along
with their interaction, is still incomplete. Our inability to
reliably predict which patients with IBD colitis will develop
CAC is reflected in the nonpersonalized approach to defining
the timing of the index neoplasia screening examination as
well as subsequent surveillance intervals. This section syn-
thesizes 1) the current evidence for protective and risk
factors, 2) current international guidelines for screening and
surveillance, and 3) chemoprevention for CRC in patients
with IBD colitis.

Identifying Risk Factors
Our understanding of clinical risk factors associated with

CAC is driven by observational cohort, population-based,
and case-control studies, which are subject to inherent
biases, confounding, competing risk of colectomy, and het-
erogeneous study designs. Most of these studies span time
intervals before the current era of high-definition white light
endoscopy (HD-WLE), enhanced imaging techniques for
dysplasia detection (eg, dye-based or virtual chromoendo-
scopy), and expanded use of very effective medical therapies
for controlling inflammation. A recent comprehensive sys-
tematic review and meta-analysis of prognostic factors
associated with advanced colorectal neoplasia (aCRN,
defined as HGD or CRC) in IBD identified 164 studies (40
considered to be “good quality”), with only 8 studies from 6
distinct cohorts including follow-up data through at least
2015 and the majority incorporating intervals before 2000
with several before the 1970s.44 Many of these earlier
studies also provide risk estimates based on univariable or
minimally adjusted models. Notwithstanding these limita-
tions,44,45 in the absence of accurate risk prediction models,
having a systematic framework for evaluating CAC risk in
any patient diagnosed with IBD colitis is key. One frame-
work categorizes clinical risk factors as patient-related,
disease-related, and pathology-related. On the whole, the
risk factors that are most consistently associated with aCRN
are those indicative of chronic inflammation (extensive
disease, histologic inflammation, cumulative inflammatory
burden—which incorporates disease duration and inflam-
mation severity), primary sclerosing cholangitis (PSC), pre-
vious dysplasia, disease extent, and family history of CRC in
a first-degree relative. Determining disease extent based
only on endoscopic appearance may underestimate the true
histologic involvement. Accordingly, because histologic
inflammation and extent are among the strongest drivers of
CAC risk, disease extent should incorporate maximal histo-
logic extent for CAC risk stratification purposes.

Patient-related factors. Data are mixed as to whether
increasing age, by itself, is a risk factor for CAC, indepen-
dently from the non–IBD-related background risk of spo-
radic CRC in older age groups.44,46–50 The increased risk
associated with younger vs older age of IBD onset (defined
variably in studies, but generally an age cutoff of 30 years-
old) reported in earlier studies, more likely reflects disease
duration and cumulative inflammation over time, as
opposed to accelerated carcinogenesis in younger-onset
IBD.3,20,44,51 In one meta-analysis of 11 cohort studies us-
ing multivariable analyses, men demonstrated a significant
1.50–1.58-fold increased risk of aCRN compared with
women.44 That same meta-analysis reported no significant
association between race and risk of aCRN based on 2
cohort studies, both of which were US-based cohorts, one
from 1981–1993 and the other from 1998–2010.52,53 It is
worth considering that these null findings might reflect a
disproportionate lack of inclusion of traditionally under-
represented groups such as nonwhite and ethnic minorities.
Although smoking is an established risk factor in sCRC, it is
not consistently associated with increased risk of IBD-
associated aCRN, although study biases are difficult to
overcome given the divergent effects of tobacco smoking on
UC vs CD. Family history of CRC (but not IBD per se) is an
established risk factor for aCRN in patients with IBD, based
on multivariable analyses from case-control and cohort
studies.44 This increased risk appears to be relevant
regardless of first- vs second-degree, although having a first-
degree relative with CRC diagnosed under 50–55 years of
age confers the greatest risk.2,54 Other risk factors, such as
obesity, low physical activity, red meat consumption, and
other dietary factors, have not been analyzed specifically in
populations with IBD colitis, but may certainly be relevant.

Disease-related factors. IBD-type (UC vs CD vs IBDU)
has not been consistently associated with differential risk of
aCRN. Disease-related factors that are most relevant include
colitis extent, duration, and concomitant history of PSC. The
risk of CAC in patients with IBD proctitis only is similar to
that in the general population, and these patients should not
be enrolled in surveillance in the absence of disease
extension. Extensive disease (generally defined as >50%
colonic involvement in CD, or inflammation extending
proximal to the splenic flexure in UC at any time during the
disease course) is associated with a significant 2–3-fold
higher risk of IBD-associated neoplasia, compared to
intermediate-extent CD and left-side UC—both of which are
still associated with elevated risk of aCRN compared with
IBD proctitis only.44 The basis for recommending against
initiation of screening/surveillance before 8–10 years after
disease onset comes from an older meta-analysis of 19
heterogeneously designed studies, generally spanning the
1950s–1990s, that reported the cumulative risk of CRC at
10, 20, and 30 years after disease onset as 2%, 8%, and
18%.8 Another meta-analysis limited to population-based
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cohort studies reported a 2.6% and 6.6% cumulative risk of
CRC at 10–20 years and >20 years of IBD duration,
respectively, with 21% cumulative incidence after 20 years
of extensive disease.3 While the majority of CRCs are diag-
nosed at least 8–10 years after onset of IBD symptoms in
patients with nonlimited IBD colitis, there is inherent bias
because none of the current international society guidelines
recommend screening/surveillance before this, unless there
is concomitant PSC or a first-degree relative diagnosed with
young-onset CRC (Table 1). Indeed, a considerable propor-
tion of CRCs occur in patients who do not have longstanding
colitis,55–58 particularly in patients older than 40 years at
the time of colitis diagnosis.51 Indeed, cohort studies
demonstrate that up to 22% of CACs are diagnosed earlier
than when the first screening examination is recommended
based on current international guidelines. Cumulative in-
flammatory burden (CIB), discussed below, as opposed to
absolute disease duration alone, may be a more reliable
indicator for when patients should initiate screening/sur-
veillance. CACs arising in symptomatic patients with IBD are
typically diagnosed in more advanced stages compared with
CACs diagnosed in patients already enrolled in surveillance.

Patients with IBD and concomitant PSC have an esti-
mated 3- to 5-fold significantly higher independent risk of
aCRN compared with patients without concomitant
PSC.44,59,60 The reasons for this have not been elucidated,
but considerations include changes in bile acid metabolism,
altered intestinal or biliary microbiome, and systemic
immunologic alterations that predispose to cancers in the
colon as well as the biliary tract in such patients. Compared
with patients without PSC, CRN is more often right-sided
and the risk of LGD progression to aCRN is higher in pa-
tients with PSC.60 Patients with concomitant IBD and PSC
often have quiescent clinical and histologic IBD, yet high
prevalence of CRN at the time of PSC diagnosis. Accordingly,
all international GI societies recommend that CRN surveil-
lance start at the time of PSC diagnosis and with a more
aggressive surveillance interval and lower threshold for
total proctocolectomy if dysplasia is diagnosed. Anatomic
structural alterations to the colon, including strictures and
post-inflammatory polyps (“pseudopolyps”), also have been
associated with increased risk of aCRN in earlier studies, but
those associations, especially pseudopolyps, have not been
substantiated in recent, more robust analyses that control
for histologic inflammation and other relevant confounders.
Instead, pseudopolyps (and strictures, at least in Crohn’s
colitis) are more likely surrogate markers of CIB, and
accordingly, their presence alone does not necessarily
warrant heightened surveillance.44,61,62 Although there are
data demonstrating no significant increased risk of aCRN in
patients with vs without colonic strictures, the majority of
patients with strictures in these cohorts have Crohn’s colitis,
with significantly less data regarding neoplastic risk in pa-
tients with UC who are diagnosed with colonic stric-
tures.63,64 A stricture in UC should raise heightened concern
for neoplasia, especially in the presence of obstructive
symptoms and proximal colon location. If at any time
structural alterations impede a high-quality exam for
neoplasia detection this can be an indication for surgery.
Pathology-related factors. Histologic inflammation,
more so than gross endoscopic inflammation, is a major risk
factor for CAC. Patients with concomitant PSC are an
exception because they often have minimal histologic
colonic inflammation despite some of the highest rates of
CAC risk. A factor that continues to be used in risk-
stratification algorithms for determining surveillance in-
tervals is the severity of inflammation on the immediately
preceding colonoscopy. However, this is actually a poor
predictor of future CRN,57,65 because it is the dynamic
course of inflammation severity over time that is most
predictive. Robust data from established surveillance co-
horts consistently demonstrate that CIB, but not inflamma-
tion on the immediately preceding colonoscopy, nor disease
duration per se, is a strong independent predictor of
CRN.57,65 It is possible that calculating CIB might help refine
the decision for when to initiate screening to avoid “pre-
mature” cases of CAC that occur in the first 8 years of colitis.

History of dysplasia. Owing to the field cancerization
effect in areas of the colon previously or currently inflamed,
patients with IBD have a high risk of synchronous and
metachronous neoplasia. Once pathologically confirmed
dysplasia is detected, the patient should be considered to
be at particularly high risk. Patients with HGD especially
are at high risk for prevalent or incident CRC within a short
time interval, providing strong justification for total proc-
tocolectomy as further discussed below. The magnitude
and robustness of estimates for the association between
LGD and incident aCRN vary widely in the literature, any-
where from 1.3- to 86-fold, reflecting the heterogeneity of
the literature with respect to study population and design,
certainty of the diagnosis (eg, confirmation by an expert
pathologist), characteristic of the LGD lesion(s) (eg, size,
shape, resection eligibility and outcome), and rigor of the
analysis.44,66 According to the UC-CaRE risk prediction tool,
validated using data from 4 United Kingdom centers, the
following 4 variables accurately predicted progression of
LGD to aCRN: large (>1 cm) endoscopically visible LGD,
LGD that was unresectable or incompletely resected,
moderate/severe inflammation within 5 years of LGD
diagnosis, and multifocal LGD.67 Concomitant PSC is also a
significant independent risk factor for LGD progression.60 If
any, or especially if several, of these high-risk features are
present, patient-provider multidisciplinary discussion is
recommended, because colectomy should be strongly
considered. There are mixed data regarding the association
between indefinite dysplasia (IND) (in the absence of LGD)
and risk of subsequent aCRN, again mostly related to study
design.44 There is higher interobserver disagreement in the
diagnosis of IND, especially in the presence of active
inflammation. Based on a recent retrospective analysis of
an established, well annotated cohort of patients with
confirmed colonic IBD undergoing surveillance, the pres-
ence of IND in the absence of concurrent LGD, with diag-
nostic confirmation by two expert GI pathologists, was
associated with a 6.9-fold significantly higher independent
risk of aCRN after adjusting for potential confounders,
including histologic inflammation.68 In that surveillance
cohort, the incidences of aCRN were 0.4%, 3.1%, and 8.4%



Table 1.US-based and International Guidance for Colonoscopic Surveillance in Inflammatory Bowel Disease

Guideline and methodology

Screening
initiation, years
after symptom

onseta Surveillance intervals Risk categories

US-based guidelines (ACG, ASGE) and clinical practice update (AGA)

ACG 2019
GRADE

8–10 years 1–2 years Annual surveillance in PSC, otherwise every 1–3
years based on the number of risk factors for
CRC and findings from the previous
colonoscopy, albeit with no discrete risk-
categorization groups

ASGE 2015
GRADE

8 years 1–3 years Annual surveillance in PSC, “active”
inflammation,a anatomic abnormality
(stricture, multiple pseudopolyps), history of
dysplasia, CRC in FDR. Acknowledge that
optimal surveillance interval is otherwise not
defined.

AGA 2021 (clinical practice update)
Expert consensus

8–10 years 1–5 years Annual surveillance: PSC, moderate or severe
inflammation (any extent), CRC in FDR aged
<50, dense pseudopolyposis, history of
invisible dysplasia or higher-risk visible
dysplasia within the past 5 years

Every 2–3 years: mild inflammation (any extent),
strong family history of CRC (but not FDR
aged<50 years), features of previous severe
colitis (moderate pseudopolyps, extensive
mucosal scarring), history of invisible
dysplasia or higher-risk visible dysplasia >5
years ago, history of lower-risk visible
dysplasia <5 years ago.

Every 5 years: continuous disease remission
since last colonoscopy with mucosal healing
on current exam, plus either �2 consecutive
exams without dysplasia or minimal
historical colitis extent.

European-based guidelines

ECCO 2017 (UC only)
Expert consensus

8 years High: 1 year;
Intermediate: 2–3 years;

Not intermediate or high: 5
years

High-risk: extensive colitis with severe active
inflammation, stricture or dysplasia detected
within the past 5 years, PSC, or CRC in FDR
aged <50 years;

Intermediate-risk: extensive colitis with mild-
moderate active inflammation,
pseudopolyps, or CRC in FDR aged >50
years

BSG 2019
GRADE

8 years High: 1 year;
Intermediate: 3 years;

Low: 5 years

High risk: Same as ECCO except moderate-
severe active endoscopic/histologic
inflammation;

Intermediate risk: Same as ECCO except mild
active endoscopic/histologic inflammation;

Low risk: extensive colitis with no active
endoscopic/histologic inflammation, left-
side colitis, or Crohn’s colitis <50% colon.

NICE 2011
NICE guideline protocol

10 years High: 1 year;
Intermediate: 3 years;

Low: 5 years

High, intermediate, and low risk: same as BSG

German 2019 (UC only)
Expert consensus

8 years High: 1 year;
Intermediate: 2–3 years;

Low: 4 years

High risk: Same as ECCO
Intermediate risk: Same as ECCO
Low risk: No criteria for high- or intermediate-

risk
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Table 1.Continued

Guideline and methodology

Screening
initiation, years
after symptom

onseta Surveillance intervals Risk categories

Asian-based guidelines

AOCC and APAG, 2020
Expert consensus
GRADE

8 years No guidance provided
regarding routine

surveillance

Patients with UC and LGD in flat mucosa should
have repeated exam in 3–6 months.
Otherwise, no statements regarding follow-
up surveillance are provided.

JSG, 2020
GRADE
Expert consensus

8 years (UC only) No guidance provided
regarding routine

surveillance

“A determination of the optimal surveillance
interval incorporating both the CRC risk and
progression speed is warranted”

Other geography-specific guidelines

Australian NHMRC 2018
NHMRC protocol

8 yearsb High: 1 year;
Intermediate: 3 years;

Low: 5 years

High risk: Any of PSC, ongoing chronic active
inflammation,a prior dysplasia, stricture,
pseudopolyps, tubular colon, CRC in FDR
aged �50 years;

Intermediate risk: All of quiescent disease, no
high-risk features, and CRC in FDR >50
years;

Low-risk: All of: no other risk factors and
quiescent disease on consecutive exams

CAG-CDHF 2004 No country-specific consensus guidelines, but endorse both AGA and BSG guidelines

NOTE. The AGA retired the AGA guidelines published in 2010.2 As such, these are not presented in the table above. A recent
expert review was approved by the AGA Institute Clinical Practice Updates Committee and the AGA Governing Board on the
topic of endoscopic surveillance and management of colorectal dysplasia in IBD. This document provides best practice advice
statements which underwent internal and external peer review.
ACG, American College of Gastroenterology; AGA, American Gastroenterological Association; AOCC, Asian Organization for
Crohn’s and Colitis; APAG, Asia Pacific Association of Gastroenterology; ASGE, American Society of Gastrointestinal
Endoscopy; BSG, British Society of Gastroenterology; CAG-CDHF, Canadian Association of Gastroenterology and Canadian
Digestive Health Foundation; CRC, colorectal cancer; ECCO, European Crohn’s and Colitis Organization; FDR, first-degree
relative; JSG, Japanese Society of Gastroenterology; NHMRC, National Health and Medical Research Council; NICE, Na-
tional Institute for Health and Care Excellence; PSC, primary sclerosing cholangitis; UC, ulcerative colitis.
aMost guidelines distinctly state that these surveillance initiation intervals apply to patients without PSC. In patients with PSC,
screening should occur at the time of PSC diagnosis.
bOr 10 years before the age of the youngest relative with CRC, whichever is first.
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per patient-year after a diagnosis of no dysplasia, IND only,
and LGD, respectively.

Other factors. Clinical factors alone are insufficient for
prediction models determining aCRN risk, and a paradigm
shift toward a more personalized approach would seem
warranted in this high-risk population. Tissue molecular
factors, such as aneuploidy and p53 expression, have been
suggested, but more robust analyses with appropriate con-
trol populations are needed before determining how tissue
molecular markers and/or noninvasive serologic or stool-
based biomarkers can be positioned for clinical practice.
Patient genetics may also help refine prediction models in
the future. Genomic and environmental factors have been
used to develop personalized risk scores in sCRC.69 Very
few genome-wide association studies have been conducted
for CAC, which may reflect barriers such as insufficient
power and difficulty in accurately identifying cases and
appropriate controls.70 Although more than 200 IBD risk
loci and more than 40 CRC risk loci have been identified, no
shared loci between IBD and CRC have been definitively
established, except possibly at least one variant locus in
STAT3.71–73 That individuals with essentially identical pro-
files of nongenetic risk factors and disease characteristics
still differ with respect to CRN risk further supports the
influence of gene-environment interactions. Leveraging ge-
netic susceptibility in predictive models for aCRN has the
potential to substantially refine risk estimates and shift to-
ward an individualized approach to screening and
surveillance.
Endoscopic Management of CAC Risk
Endoscopic screening and surveillance

approaches. In contrast to the various screening tests
available for general population screening for CRC, there are
no noninvasive biomarkers for aCRN screening or surveil-
lance in patients with IBD colitis, although some stool-based
tests appear promising.74,75 The mainstay of CAC risk
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attenuation remains colonoscopy, in parallel with a struc-
tured endoscopic surveillance program that includes
ongoing IBD medical management for disease control. The
first colonoscopy performed for CRN detection purposes is
referred to as the “screening colonoscopy,” whereas subse-
quent exams are referred to as “surveillance” exams. The
screening colonoscopy also permits re-evaluation of histo-
logic extent of inflammation and structural abnormalities
for risk stratification.63 Given the often subtle endoscopic
appearance of IBD-associated CRN and the importance of
accurately classifying the lesions to determine endoscopic
resectability, attention to colonoscopic quality metrics is
critical. As much as possible, the screening and surveillance
exams should be performed with the patient in remission,
should adhere to standard colonoscopic quality metrics, and
should be performed by endoscopists with experience in
IBD-associated neoplasia detection. The standard of care is
to use HD-WLE, with or without additional image-enhancing
techniques (eg, dye-based or virtual chromoendoscopy), as
described below.63,76,77

There are no randomized controlled trials comparing
surveillance with no surveillance with respect to CAC inci-
dence and related mortality.78 However, observational
studies consistently demonstrate that patients with IBD
colitis undergoing surveillance colonoscopies have less
advanced stages of CRC than patients not undergoing sur-
veillance, with stage of CRC at diagnosis being a strong
predictor of overall survival.51 The updated Cochrane
Database Systematic Review demonstrated a higher overall
frequency of CRC in the no-surveillance vs the surveillance
group (3.2% vs 1.8%), with significantly lower CRC-related
mortality in the surveillance vs the no-surveillance group
(8.5% vs 22.3%; odds ratio [OR] 0.36, 95% confidence in-
terval [CI] 0.19–0.69), which was attributed to a higher rate
of early-stage CRC in the surveillance group (15.5% vs
7.7%; OR 5.40, 95% CI 1.51–19.30).78,79 Of note, the ma-
jority of studies of neoplasia surveillance outcomes have
mostly included patients with UC and then have been
generally extrapolated to patients with CD.

Several international societies provide guidance on both
initiation of screening and subsequent surveillance intervals
(Table 1). There are many overlaps, but also some slight
nuances across these guidelines. In the absence of
concomitant PSC, current guidelines recommend the timing
of the screening colonoscopy based solely on duration of
time after symptom onset—most often 8–10 years.11,63 For
patients with PSC, screening colonoscopy should be per-
formed at the time of PSC diagnosis with annual surveillance
recommended thereafter unless dysplasia is diagnosed. In
patients without PSC, societies vary in their recommenda-
tion for subsequent surveillance based on different ap-
proaches to risk stratification, although some societies do
not offer guidance past the first screening exam. All risk-
stratification algorithms rely on clinical factors, many of
which have come under scrutiny based on more recent,
robust data demonstrating null associations with aCRN risk
(eg, inflammation on the immediately preceding colonos-
copy, pseudopolyps, and strictures).45 The nonpersonalized
approach for determining timing of screening initiation and
subsequent surveillance intervals is potentially missing a
sizable proportion of people who develop CRC before
screening initiation, and possibly over-surveilling in-
dividuals at lower risk than previously considered.45,56,80,81

One multi-center study demonstrated an extremely low risk
of subsequent aCRN over a median 6.1 years of follow-up in
patients with IBD colitis undergoing surveillance who had at
least 2 consecutive colonoscopies demonstrating histologi-
cally quiescent disease and in the absence of high-risk
features (PSC, family history of CRC).82 In contrast to the
non-IBD population, guidance as to when to lengthen sur-
veillance intervals, or stop surveillance altogether, is lacking
for patients with IBD.

Endoscopic recognition of dysplasia. The vast ma-
jority of LGD and HGD is endoscopically visible in the cur-
rent era with HD-WLE as the typical standard of care,
although chromoendoscopy may further improve rates of
visible dysplasia.77,83 Chromoendoscopy can be either dye
based (eg, indigo carmine, methylene blue) or virtual (eg,
narrow-band imaging and other image-enhancing tech-
niques). Based on a pooled analysis, the prevalence of
dysplasia identified on random biopsies only (“invisible
dysplasia”) was 19.6% (range: 11.5%–31.2%) with SD-WLE,
9.8% (range: 6%–15%) with dye-based chromoendoscopy
with indigo carmine (mix of SD-WLE and HD-WLE), and
9.4% (range: 4.1%–19.9%) with HD-WLE. Based on the
same pooled analysis, fewer than 1%–1.5% of patients un-
dergoing surveillance with HD-WLE or HD-
chromoendoscopy would be misclassified as not having
dysplasia if random biopsies were not obtained, although
some studies report estimates as high as 6%.77,83 The ran-
domized controlled trial that compared HD-WLE and HD-
chromoendoscopy reported invisible dysplasia in only
3.9% vs 2.0% of patients, respectively; the vast majority of
invisible dysplasia was LGD (89%; only 1 patient with HGD),
and one-third of the patients with invisible dysplasia had
concomitant PSC. It is important to realize that the majority
of IND is found on random biopsy and identifies the patient
as having higher risk for subsequent aCRN compared with
those with no dysplasia.68 As mentioned above, several
types of nonconventional dysplasia do not alter crypt
morphology and are therefore invisible, arguing in favor of
taking random biopsies.40 There are no clear data to
demonstrate that enhanced dysplasia detection (particularly
IND or LGD when referring to invisible dysplasia) is asso-
ciated with decreased CAC-related incidence and mortality.
There remains a lack of consensus regarding HD-WLE vs
HD-chromoendoscopy, and whether to perform random bi-
opsies vs targeted biopsies during endoscopic
surveillance.2,63,76,77,84–86

Our practice is to routinely perform HD-WLE with
random biopsies while interrogating any visible lesions with
the use of dye-based or virtual chromoendoscopy, and to
reserve pan-colonic HD-chromoendoscopy for patients with
PSC or previous history of invisible or visible dysplasia.
Regarding the choice of dye-based vs virtual chromoendo-
scopy (sometimes referred to as “surface” vs “optical”
chromoendoscopy), more recent studies comparing
HD-virtual chromoendoscopy (specifically, narrow-band
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imaging and i-scan) with dye-based chromoendoscopy
demonstrate more rapid withdrawal times associated with
virtual vs dye-based chromoendoscopy, along with overall
comparable dysplasia detection rates,87–89 findings which
were also confirmed in a meta-analysis of 11 randomized
controlled trials published from 2010 to 2018.90 Earlier
studies had failed to demonstrate improved dysplasia
detection with the use of virtual chromoendoscopy, which
underlay the ASGE’s recommendation against its routine
use.91 Based on more recent data, the American Gastroen-
terological Association Clinical Practice Updates Committee
stated that virtual chromoendoscopy “is a suitable alterna-
tive to dye spray chromoendoscopy for dysplasia detection
[.] when using HD-WLE.”92

All dysplasia diagnoses should be confirmed by an
expert GI pathologist. In contrast to LGD and HGD, IND is
subject to significant diagnostic uncertainty in the presence
of background inflammation. For this reason, ideally, med-
ical management should be optimized before the surveil-
lance colonoscopy exam. In cases of invisible dysplasia that
is histologically confirmed, a repeated examination with the
use of chromoendoscopy should be performed to re-
evaluate for visible lesions; referral to an endoscopist with
experience in IBD-associated CRN detection should be
strongly considered.93

Endoscopic removal of dysplasia. The key to suc-
cessful endoscopic management of dysplastic lesions in IBD
is to first identify them, and then ensure complete endo-
scopic resection. Endoscopic resectability becomes the
cornerstone of deciding whether or not to defer surgery and
continue with surveillance. Of course, only visible dysplasia
can be endoscopically removed. The SCENIC group pro-
posed nomenclature for characterizing visible dysplasia that
is adapted from the Paris classification and guides deter-
mination of whether a lesion is appropriate for endoscopic
resection. Providers should describe the characteristics of
any lesions as well as the surrounding mucosa.77 Among
eligible patients, all lesions deemed to be endoscopically
resectable should be removed. Criteria for determining
candidacy for endoscopic resection of visible IBD-associated
dysplasia are not strictly defined, but generally overlap with
considerations for endoscopic resection of colorectal lesions
in the non-IBD population. The comfort level and expertise
of the individual endoscopist are key factors in determining
endoscopic resectability and likelihood of success. As such,
referral to an endoscopist with appropriate expertise should
be strongly considered in any patient with IBD-associated
dysplasia.

Endoscopically visible lesions with distinct borders
should be considered for endoscopic resection as long as
there are no findings concerning for submucosal invasion
and the endoscopist is appropriately skilled.77 Options for
endoscopic resection include endoscopic mucosal resection
(EMR) and endoscopic submucosal dissection (ESD), or a
hybrid ESD-EMR approach. Again, before endoscopic
resection, patients should ideally be in endoscopic remis-
sion, and resection should be attempted only after a trans-
parent discussion with the patient regarding expected
outcome, risks, including complications as well as the
potential risk of incomplete resection and need for surgery,
and the high probability of metachronous lesions and need
for ongoing heightened surveillance. The IBD surgeon
should also be engaged and be available for consultation
pre-endoscopic resection. An in-depth discussion regarding
the endoscopic management of IBD-associated dysplasia
and, relatedly, patient selection for surgery is beyond the
scope of the present review, but clinical guidance is pro-
vided elsewhere.76,93,94 Additional details regarding the
endoscopic management of IBD-associated dysplasia,
including the positioning of ESD, are provided in the
Supplementary Material.

If dysplasia is identified on random biopsy only (invis-
ible dysplasia), the management algorithm depends pri-
marily on patient factors (eg, concomitant PSC), histologic
factors (eg, the degree of dysplasia, active background
inflammation), and multifocality.

Indications for colectomy in patients with IBD-
associated CRN. The decision of endoscopic vs surgical
resection (total or partial) should be based on a multidis-
ciplinary discussion between the IBD provider and the
endoscopist, the patient, and in consultation with an expe-
rienced IBD surgeon and pathologist.93 Surgery should be
strongly considered for endoscopically nonresectable
dysplasia (including invisible dysplasia) confirmed on his-
tology regardless of grade, inability to perform adequate
surveillance (eg, a nontraversable stricture or dense fields
of pseudopolyps that preclude visualization), HGD in pa-
tients with PSC, and based on patient preference or lack of
adherence to surveillance. Total proctocolectomy in patients
with PSC and any grade of dysplasia, even if not HGD, should
be carefully considered given the high rate of short-interval
and subsequent aCRN.60 Patients with IBD-associated
dysplasia in other high-risk groups, including family his-
tory of CRC in a first-degree relative <55 years of age,
should also be considered. Previously, multifocal dysplasia
and recurrent dysplasia were considered to be indications
for colectomy, but given the safety and efficacy of endo-
scopic resection, heightened surveillance in cases of multi-
focal or recurrent endoscopically resectable dysplasia can
be considered based on patient preference in individual
cases if appropriate.

When colectomy is performed for a neoplastic indication
in patients with IBD colitis, the recommended procedure is
most often total proctocolectomy with ileostomy or conti-
nent reservoir creation (eg, ileal pouch–anal anastomosis),
based on the increased risk of synchronous and metachro-
nous aCRN due to field cancerization. However, there are
certainly circumstances where partial or subtotal colectomy
may be reasonable for individual patients. These include:
significant comorbid conditions, strong patient preference,
nonendoscopically resectable dysplasia that is unifocal in a
patient without other high-risk features, proximal dysplasia
that does not involve the rectum, and possibly segmental
Crohn’s colitis. Except perhaps for a patient with segmental
Crohn’s colitis where the retained colon/rectum has no
histopathologic evidence of current or previous involve-
ment, the concept of field cancerization dictates that the in
situ colon/rectum (including the rectal cuff) remains at risk
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for subsequent neoplastic progression. Accordingly, this
retained risk provides rationale for ongoing colonoscopic
surveillance and other risk-attenuating measures (eg,
ongoing IBD therapy for mucosal healing). Notwithstanding,
there is no evidence-based guidance to inform surveillance
intervals or surveillance techniques, such as the yield of
dye- or image-enhancing techniques for enhanced visuali-
zation. As such, the approach should be individualized based
on the patient’s history and pre-colectomy characteristics.
Postoperatively, heightened surveillance intervals in accor-
dance with those recommended after complete endoscopic
resection of dysplasia is reasonable (see above). Similarly, it
is likely safe to extend the duration between subsequent
interval exams over time if consecutive exams are endo-
scopically and histologically normal. In patients who do
undergo ileal pouch–anal anastomosis, pouch surveillance
with annual pouchoscopy and biopsies of the pouch and any
rectal cuff is recommended for patients at high risk for
subsequent neoplasia, including those with a history of
previous neoplasia, PSC, persistent pouchitis, or atrophic
mucosa, based on limited data.63,85,91,92,95,96 In the absence
of high-risk features, the risk of pouch neoplasia is very low
and pouch surveillance is not routinely recommended.
Chemoprevention for CAC
Assuming that the vast majority of CRCs in patients with

IBD arise as a consequence of chronic inflammation, sus-
tained, complete control of inflammation is probably the
most effective form of chemoprevention against CAC. How-
ever, because CAC still occurs, even in the absence of
ongoing histologic inflammation, the potential for adjunctive
chemoprevention agents that would prevent or interrupt
carcinogenesis is very appealing. There are no randomized
controlled trials with chemoprevention in IBD colitis as the
primary outcome, and such studies are not feasible owing to
the very large number of patients and long study duration
needed. Therefore, the evidence for chemopreventive agents
against CAC comes from retrospective observational studies
of variable quality and from experience in the non-IBD
population.

The updated 2017 European Crohn’s and Colitis Orga-
nisation (ECCO) guidelines recommend the use of mesal-
amine compounds in patients with UC extending past the
rectum for chemoprevention based on the majority of evi-
dence—including multiple case-control, cohort, and meta-
analyses—supporting a reduced risk of CRC incidence in
patients with UC (no comment on Crohn’s colitis).63 The
most recent meta-analysis reported that the use of 5-
aminosalicylate (5-ASA) vs no use was associated with a
49% reduced risk of aCRN (pooled multivariable OR 0.51,
95% CI 0.39–0.66).44 The exact dose (higher may be bet-
ter97), the timing of initiation, the formulation/route of
administration, and the minimum duration needed for
benefit remain to be clarified. To this end, results from at
least 2 large cohort studies suggest that 5-ASAs are of
limited utility in reducing progression once dysplasia de-
velops98,99; it may be that 5-ASAs exert their effect on early
stages of inflammation-associated carcinogenesis and must
therefore be given from disease onset and continued for
prolonged periods to achieve benefit. In addition to the
nonspecific anti-inflammatory effect of 5-ASAs, mechanistic
studies from animal and cell-based models suggest that 5-
ASAs also exert their anticarcinogenic effect through other
distinct pathways, several of which overlap with non-IBD
CRC pathways, providing further support for their use.20,100

The data for thiopurines as CRC chemopreventive agents
in patients with IBD are conflicting, including conclusions
from meta-analyses.44,101,102 As such, ECCO guidelines state
that there is insufficient evidence to recommend for or against
chemoprevention with thiopurines.63 Notwithstanding the
mixed data, the realistic use of thiopurines for chemopre-
vention is further diminished by their safety profile, given the
increased risk of certain non-CRC cancerswith prolongeduse,
especially in the older population.

Other therapies that have been investigated as chemo-
preventive agents, such as biologics and ursodeoxycholic
acid, are discussed further in the Supplementary Material.

Conclusion
Our understanding of the pathogenesis and management

of colorectal neoplasia in IBD has greatly advanced in the past
decade. Although patients with IBD can develop sporadic
neoplasia, the underlying culprit is chronic inflammation,
which factors heavily into risk stratification. Years ago when
endoscopic imaging, skill with endoscopic resection tech-
niques, and use of biologics to control inflammation were
quite limited, the finding of dysplasia prompted great angst
and a tendency toward recommending colectomy for cancer
prevention. Recent elucidation of the recognition and man-
agement of dysplasia and the molecular/immunologic con-
tributors to neoplasia, has ushered in a more sophisticated
approach to the patientwith longstanding IBD. It is hoped that
advances in the genetic, immunologic, and microbiological
mechanisms of inflammation-induced colon carcinogenesis
can be harnessed to further lower CRC risk, and provide pa-
tients and physicians with greater reassurance about how to
manage the neoplastic complications of IBD.

Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.10.1053/j.gastro.2021.10.035.
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Supplementary Material

Endoscopic Removal of Dysplasia: Expanded
Discussion of Endoscopic Resection

Similar to endoscopic resection of lesions in patients
without inflammatory bowel disease (IBD) colitis, the goal of
endoscopic resection of IBD-associated dysplastic lesions is
en bloc resection with negative margins. However, IBD-
associated dysplastic lesions very often have at least some
degree of submucosal fibrosis as a result of iterative
inflammation-healing cycles, leading to suboptimal R0
resection rates and high rates of local recurrences with
standard endoscopic mucosal resection (EMR). For this
reason, endoscopic submucosal dissection (ESD), which
dissects through the submucosal plane, is appealing and al-
lows for higher rates of en bloc R0 resection and better
histologic evaluation. For sessile and flat lesions 2 cm or
larger, EMR is less likely to achieve en bloc resection and, in
experienced hands, ESD should be considered.1–3 EMR and
ESD both have proven track records of safety and efficacy in
removal of complex colorectal polyps in the non-IBD pop-
ulation.3–8 Data, while encouraging, are not as robust in the
IBD population, particularly for ESD, and primarily comprise
case series and referral center experiences from East Asia
and, more recently, Europe.1,9,10 Compared with EMR, ESD is
associated with higher procedural time and resource uti-
lization,11–15 with unclear long-term benefit regarding
metachronous lesions, altered colonoscopic surveillance in-
tervals, and ultimate need for colectomy. In addition to
limited expertise, the lack of a Current Procedural Termi-
nology code for ESD is another barrier limiting availability
and reimbursement in the United States. Notwithstanding
these relevant considerations, ESD does appear to be safe
and effective in experienced hands for removing large IBD-
associated dysplastic lesions, with or without submucosal
fibrosis, and does achieve higher rates of en bloc resection
(range 80%–100%) and R0 resection (76%–80%), with
lower local recurrence rates compared with EMR.11–15 Based
on 4 East Asian series with median follow-ups of 24–33
(range 6-80) months, the local recurrence rate, metachro-
nous recurrence rate, and colectomy rates after ESD ranged
from 0 to 22%, 5% to 37.5%, and 6.7% to 20%, respectively.
Importantly, across each of these studies, all patients un-
derwent colectomy for T1 cancer, except one patient who
underwent colectomy for invisible dysplasia and another
based on personal preference.11–13,15 Indeed, high rates of
metachronous lesions are not unexpected and underscores
the field cancerization effect. Nevertheless, endoscopic
resection remains the mainstay for visible IBD-dysplasia
with distinct borders and without overt concern for sub-
mucosal invasion, because these patients can generally be
safely surveyed in a multidisciplinary program that involves
continued IBD medical management, heightened surveil-
lance, and close interactions between IBD surgeons and pa-
thologists. To this end, based on survey studies, most
patients are wary of elective colectomy for dysplasia diag-
nosis alone, despite understanding that their risk of con-
current colorectal cancer (CRC) may be high.16

Chemoprevention for Colitis-associated CRC:
Biologics, Ursodeoxycholic Acid, and Other
Therapies

An expanse of biologics are now available and approved
for IBD treatment, including tumor necrosis factor-alpha
antagonists (anti-TNFs), antiintegrins, and interleukin (IL)
12/IL-23 inhibitors, with others in the development pipe-
line. Although immunosuppressants, these agents are not
associated with an increased risk of colitis-associated CRC
(CAC). Instead, it is hypothesized that potent control of
inflammation is the main driver of any observed decreased
CAC risk, although it is possible that adjunctive mechanisms
are at play, particularly given the role of IL-23, for example,
in IBD-associated CRC.17 That said, to date, all published
studies on biologics as putative chemoprevention agents
have analyzed only anti–tumor necrosis factors (TNFs) and
in a retrospective manner.18–23 Overall, the data for anti-
TNFs as chemopreventive agents are mostly null, except
for one case-control study demonstrating a significantly
protective effect (adjusted hazard ratio 0.22, 95% confi-
dence interval [CI] 0.10-0.50).22 Practically speaking,
though, the high cost, possible safety concerns, and patient
inconvenience with prolonged use are limitations to using
anti-TNFs solely for chemoprevention. Data on any che-
mopreventive activity of other biologics and newer agents,
including small molecule drugs, are very limited or alto-
gether lacking.

Ursodeoxycholic acid (UDCA) is a steroid bile acid that,
in addition to its effect of increasing bile flow and changing
the hydrophobic index of the bile acid pool, is also reported
to have immunosuppressive and antitumorigenic effects.24

The data for UDCA as chemoprevention in patients with
ulcerative colitis (UC) and primary sclerosing cholangitis
(PSC) are both limited and mixed. Some GI societies have
suggested low-dose UDCA as chemoprevention for patients
with UC and PSC from the time of PSC diagnosis,25,26 while
other societies have recommended against the use.27 Based
on a post hoc analysis of a placebo-controlled randomized
controlled clinical trial of UDCA (13–15 mg/kg per day in
divided doses) in patients with UC and PSC, UDCA was
associated with a significantly lower risk of colorectal
neoplasia compared with placebo (relative risk 0.26, 95% CI
0.06-0.92).28,29 It appears that the decline in annual inci-
dence of CRC in patients with PSC and IBD may start after 4-
6 years of treatment with UDCA.27,28,30,31 It should be
emphasized, however, that high-dose UDCA (28-30 mg/kg/
day), compared with placebo, has not only been associated
with increased mortality and hepatic decompensation in
patients with PSC,32 but also, based on a post-hoc analysis
of a randomized controlled clinical trial, patients with UC
and PSC who used high-dose UDCA compared with placebo
were observed to have a 4.44-fold higher risk of colorectal
neoplasia.33 Additional toxicities associated with UDCA use
include hepatitis, cholangitis, vanishing bile duct syndrome,
severe diarrhea, pneumonia, interstitial lung disease, com-
plications of immunosuppression, and mutagenic ef-
fects.31,34 Because of these potentially severe medication
effects, we would advise against the routine use of UDCA
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and instead recommend vigilance and regular monitoring
when prescribing UDCA, avoiding high-dose UDCA, and
having a low threshold to consult with a hepatologist before
prescribing UDCA. Many other medications including
nonsteroidal anti-inflammatory drugs, statins, folic acid, and
calcium/vitamin D supplementation have been evaluated,
but there are no compelling studies to inform their role as
CRC chemoprevention in patients with IBD colitis.

730.e2 Shah and Itzkowitz Gastroenterology Vol. 162, No. 3
Supplementary References

1. Alkandari A, Thayalasekaran S, Bhandari M, et al.

Endoscopic resections in inflammatory bowel disease:
A multicentre european outcomes study. J Crohns
Colitis 2019;13:1394–1400.

2. BurgessNG,Bahin FF, BourkeMJ.Colonic polypectomy
(with videos). Gastrointest Endosc 2015;81:813–835.

3. Buchner AM. Endoscopic management of complex le-
sions in patients with inflammatory bowel disease.
Gastroenterol Hepatol (N Y) 2021;17:121–127.

4. Draganov PV, Wang AY, Othman MO, Fukami N. AGA
institute clinical practice update: endoscopic submu-
cosal dissection in the united states. Clin Gastroenterol
Hepatol 2019;17:16–25.e1.

5. Yu JX, Lin JL, Oliver M, et al. Trends in EMR for
nonmalignant colorectal polyps in the United States.
Gastrointest Endosc 2020;91:124–131.e4.

6. ASGE Technology Committee, Maple JT, Abu
Dayyeh BK, et al. Endoscopic submucosal dissection.
Gastrointest Endosc 2015;81:1311–1325.

7. ASGE Technology Committee, Hwang JH, Konda V,
et al. Endoscopic mucosal resection. Gastrointest
Endosc 2015;82:215–226.

8. Pellise M, Burgess NG, Tutticci N, et al. Endoscopic
mucosal resection for large serrated lesions in com-
parison with adenomas: a prospective multicentre
study of 2000 lesions. Gut 2017;66:644–653.

9. Gulati S, Emmanuel A, Burt M, Dubois P, Hayee B,
Haji A. Outcomes of endoscopic resections of large
laterally spreading colorectal lesions in inflammatory
bowel disease: a single United Kingdom center expe-
rience. Inflamm Bowel Dis 2018;24:1196–1203.

10. Shah SC, Itzkowitz SH. Management of inflammatory
bowel disease-associated dysplasia in the modern era.
Gastrointest Endosc Clin N Am 2019;29:531–548.

11. Iacopini F, Saito Y, Yamada M, et al. Curative endo-
scopic submucosal dissection of large nonpolypoid
superficial neoplasms in ulcerative colitis (with videos).
Gastrointest Endosc 2015;82:734–738.

12. Suzuki N, Toyonaga T, East JE. Endoscopic submu-
cosal dissection of colitis-related dysplasia. Endoscopy
2017;49:1237–1242.

13. Kinoshita S, Uraoka T, Nishizawa T, et al. The role of
colorectal endoscopic submucosal dissection in pa-
tients with ulcerative colitis. Gastrointest Endosc 2018;
87:1079–1084.

14. Yang D-H, Rey I. Endoscopic submucosal dissection
for colitis-associated dysplasia. Clin Endosc 2019;
52:120–128.
15. Yang D-H, Kim J, Song EM, et al. Outcomes of ulcer-
ative colitis-associated dysplasia patients referred for
potential endoscopic submucosal dissection.
J Gastroenterol Hepatol 2019;34:1581–1589.

16. Siegel CA, Schwartz LM, Woloshin S, et al. When
should ulcerative colitis patients undergo colectomy for
dysplasia? Mismatch between patient preferences and
physician recommendations. Inflamm Bowel Dis 2010;
16:1658–1662.

17. Neurath MF. IL-23 in inflammatory bowel diseases and
colon cancer. Cytokine Growth Factor Rev 2019;
45:1–8.

18. Jung YS, Han M, Park S, Kim WH, Cheon JH. Cancer
risk in the early stages of inflammatory bowel disease in
Korean patients: a nationwide population-based study.
J Crohns Colitis 2017;11:954–962.

19. Baars JE, Looman CWN, Steyerberg EW, et al. The risk
of inflammatory bowel disease–related colorectal car-
cinoma is limited: results from a nationwide nested
case-control study. Am J Gastroenterol 2011;
106:319–328.

20. Nowacki TM, Brückner M, Eveslage M, et al. The risk of
colorectal cancer in patients with ulcerative colitis. Dig
Dis Sci 2015;60:492–501.

21. Ananthakrishnan AN, Cagan A, Cai T, et al. Statin use is
associated with reduced risk of colorectal cancer in
patients with inflammatory bowel diseases. Clin Gas-
troenterol Hepatol 2016;14:973–979.

22. Lutgens M, Vermeire S, van Oijen M, et al. A rule for
determining risk of colorectal cancer in patients with
inflammatory bowel disease. Clin Gastroenterol Hepatol
2015;13:148–154.e1.

23. Nyboe Andersen N, Pasternak B, Basit S, et al. Asso-
ciation between tumor necrosis factor-a antagonists
and risk of cancer in patients with inflammatory bowel
disease. JAMA 2014;311:2406–2413.

24. Khare S, Cerda S, Wali RK, et al. Ursodeoxycholic acid
inhibits Ras mutations, wild-type Ras activation, and
cyclooxygenase-2 expression in colon cancer. Cancer
Res 2003;63:3517–3523.

25. Farraye FA, Odze RD, Eaden J, Itzkowitz SH. AGA
technical review on the diagnosis and management of
colorectal neoplasia in inflammatory bowel disease.
Gastroenterology 2010;138:746–774.e1.

26. Magro F, Gionchetti P, Eliakim R, et al. Third European
evidence-based consensus on diagnosis and man-
agement of ulcerative colitis. Part 1: Definitions, Diag-
nosis, extra-intestinal manifestations, pregnancy,
cancer surveillance, surgery, and ileo–anal pouch dis-
orders. J Crohns Colitis 2017;11:649–670.

27. Chapman MH, Thorburn D, Hirschfield GM, et al. British
Society of Gastroenterology and UK-PSC guidelines for
the diagnosis and management of primary sclerosing
cholangitis. Gut 2019;68:1356–1378.

28. Pardi DS, Loftus EV, Kremers WK, Keach J, Lindor KD.
Ursodeoxycholic acid as a chemopreventive agent in
patients with ulcerative colitis and primary sclerosing
cholangitis. Gastroenterology 2003;124:889–893.

29. Lindor KD; Mayo Primary Sclerosing Cholangitis–
Ursodeoxycholic Acid Study Group. Ursodiol for

http://refhub.elsevier.com/S0016-5085(21)03707-0/sref103
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref103
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref103
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref103
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref103
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref104
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref104
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref104
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref105
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref105
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref105
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref105
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref106
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref106
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref106
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref106
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref106
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref107
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref107
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref107
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref107
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref108
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref108
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref108
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref108
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref109
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref109
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref109
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref109
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref110
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref110
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref110
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref110
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref110
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref111
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref111
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref111
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref111
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref111
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref111
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref112
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref112
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref112
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref112
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref113
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref113
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref113
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref113
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref113
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref114
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref114
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref114
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref114
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref115
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref115
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref115
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref115
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref115
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref116
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref116
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref116
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref116
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref117
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref117
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref117
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref117
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref117
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref118
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref118
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref118
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref118
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref118
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref118
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref119
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref119
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref119
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref119
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref120
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref120
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref120
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref120
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref120
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref121
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref121
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref121
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref121
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref121
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref121
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref121
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref122
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref122
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref122
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref122
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref123
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref123
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref123
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref123
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref123
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref124
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref124
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref124
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref124
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref124
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref125
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref125
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref125
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref125
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref125
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref126
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref126
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref126
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref126
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref126
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref127
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref127
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref127
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref127
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref127
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref128
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref128
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref128
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref128
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref128
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref128
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref128
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref128
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref129
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref129
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref129
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref129
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref129
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref130
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref130
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref130
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref130
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref130
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref131
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref131


March 2022 Colorectal Cancer in Inflammatory Bowel Disease 730.e3
primary sclerosing cholangitis. N Engl J Med 1997;
336:691–695.

30. Tung BY, Emond MJ, Haggitt RC, et al. Ursodiol use
is associated with lower prevalence of colonic
neoplasia in patients with ulcerative colitis and pri-
mary sclerosing cholangitis. Ann Intern Med 2001;
134:89–95.

31. Kotb MA. Molecular mechanisms of ursodeoxycholic
acid toxicity & side effects: ursodeoxycholic acid
freezes regeneration & induces hibernation mode. Int J
Mol Sci 2012;13:8882–8914.
32. Lindor KD, Kowdley KV, Luketic VAC, et al. High-dose
ursodeoxycholic acid for the treatment of primary
sclerosing cholangitis. Hepatology 2009;50:808–814.

33. Eaton JE, Silveira MG, Pardi DS, et al. High-dose
ursodeoxycholic acid is associated with the develop-
ment of colorectal neoplasia in patients with ulcerative
colitis and primary sclerosing cholangitis. Am J Gas-
troenterol 2011;106:1638–1645.

34. Hempfling W, Dilger K, Beuers U. Systematic review:
ursodeoxycholic acid—adverse effects and drug in-
teractions. Aliment Pharmacol Ther 2003;18:963–972.

http://refhub.elsevier.com/S0016-5085(21)03707-0/sref131
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref131
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref131
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref132
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref132
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref132
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref132
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref132
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref132
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref133
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref133
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref133
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref133
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref133
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref134
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref134
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref134
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref134
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref135
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref135
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref135
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref135
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref135
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref135
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref136
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref136
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref136
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref136
http://refhub.elsevier.com/S0016-5085(21)03707-0/sref136

	Colorectal Cancer in Inflammatory Bowel Disease: Mechanisms and Management
	Epidemiology
	Pathogenesis of CAC
	Types of Dysplasia
	Clinical Approach for Preventing CAC
	Identifying Risk Factors
	Patient-related factors
	Disease-related factors
	Pathology-related factors
	History of dysplasia
	Other factors

	Endoscopic Management of CAC Risk
	Endoscopic screening and surveillance approaches
	Endoscopic recognition of dysplasia
	Endoscopic removal of dysplasia
	Indications for colectomy in patients with IBD-associated CRN

	Chemoprevention for CAC

	Conclusion
	Supplementary Material
	References
	CRediT Authorship Contributions
	Supplementary Material
	Endoscopic Removal of Dysplasia: Expanded Discussion of Endoscopic Resection
	Chemoprevention for Colitis-associated CRC: Biologics, Ursodeoxycholic Acid, and Other Therapies

	Supplementary References


