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Colorectal cancer (CRC) is the thirdmost common cancer and
cause of cancer deaths in the developed world. In Europe,
412,000 people are diagnosed with CRC, and 207,000
patients died of the disease.1 Similarly, in the United States,
an estimated 140,250 new cases of CRC and approximately
50,630 deaths will be attributable to CRC in 2018, accounting
for 8% of all cancer deaths. The lifetime risk of CRC for an
average American is approximately 5%.2

Inflammatory bowel disease (IBD) is a chronic condition
affecting people of all ages. Crohn’s disease (CD) and ulcerative
colitis (UC) are the two main forms of IBD. Taking the United
Kingdom as an example, it is known that IBD affects more than

300,000 people. The annual incidence of CD is between 0.1 and
16/100,000 in Europe. The incidence is increasing, especially in
newly diagnosed children and also in developing countries.
Children account for 20% of all newly diagnosed patients with
CD. Similarly, with UC, the incidence is rising, with current
estimatessuggestingarangefrom0.5 to24.5/100,000 inEurope.
One of the complications of IBD is the development of CRC.3

The incidence of CRC in IBD was recognized many years
ago with initial reports dating back to more than 80 years
ago. Burrill Crohn first identified the incidence of CRC in IBD
in 1925. This remains a problem, with CRC accounting for 10
to 15% of deaths in patients with IBD.4
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Abstract Patients with inflammatory bowel disease (IBD) are at an increased risk for developing
colorectal cancer (CRC). However, the incidence has declined over the past 30 years,
which is probably attributed to raise awareness, successful CRC surveillance programs
and improved control of mucosal inflammation through chemoprevention. The risk
factors for IBD-related CRC include more severe disease (as reflected by the extent of
disease and the duration of poorly controlled disease), family history of CRC, pseudo
polyps, primary sclerosing cholangitis, and male sex. The molecular pathogenesis of
inflammatory epithelium might play a critical role in the development of CRC. IBD-
related CRC is characterized by fewer rectal tumors, more synchronous and poorly
differentiated tumors compared with sporadic cancers. There is no significant differ-
ence in sex distribution, stage at presentation, or survival. Surveillance is vital for the
detection and subsequently management of dysplasia. Most guidelines recommend
initiation of surveillance colonoscopy at 8 to 10 years after IBD diagnosis, followed by
subsequent surveillance of 1 to 2 yearly intervals. Traditionally, surveillance colonos-
copies with random colonic biopsies were used. However, recent data suggest that
high definition and chromoendoscopy are better methods of surveillance by improving
sensitivity to previously “invisible” flat dysplastic lesions. Management of dysplasia,
timing of surveillance, chemoprevention, and the surgical approaches are all areas that
stimulate various discussions. The aim of this review is to provide an up-to-date focus
on CRC in IBD, from laboratory to bedside.
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IBD-related CRC is estimated to account for less than 2% of
all CRCs identified annually5 and ranks as the third com-
monest condition associated with a high risk of developing
CRC, with familial adenomatous polyposis and hereditary
nonpolyposis CRC syndrome being the first and second.6

Although a challenging topic with a great impact on
patients with IBD, recent epidemiological studies have sug-
gested a lower incidence of IBD-related CRC. Perhaps this
change from historic data to current might be due to greater
awareness and improvement in IBD surveillance programs.7

In this article, we will discuss the etiopathogenesis and
management options of IBD-related CRC.

Epidemiology of IBD-Related CRC

The epidemiological, clinical, and pathological features of
IBD-related cancers differ from sporadic CRC. Cancers that
occur in patients with IBD, and particularly UC, tend to be
localized more evenly throughout the colon, are more likely
to be synchronous, and have a higher histological grade than
sporadic carcinomas.8 Additionally, there is a higher preva-
lence of mucinous carcinomas in IBD.9 Recently, there has
been an increase in incidence of early-stage tumors (stages I–
II) compared with IBD-related cancers from previous deca-
des. Studies have shown that 50 to 60% of newly diagnosed
IBD-related cancers are stage I or II. This is highly likely to be
due to an increased level of awareness and early detection
due to colonoscopic surveillance.8

Incidence of CRC in UC
The risk of CRC increases after 8 to 10 years from establishing
the diagnosis of UC.10,11 Depending on the study and country,
the risk of developing CRC in patients with UC fluctuates
between 0.9- and 8.8-fold and between 0.8- and 23-fold in
patients with pancolitis. The probability of developing CRC
10years afterdiagnosis is reported tobe2%,which increases to
8% after 20 years and 18% after 30 years.12 Recent population-
based studies have shown a decreasing risk of CRC in IBD.13

In 2015, Choi et al reported on a 40-year analysis of
colonoscopic surveillance program for neoplasia in UC. The
cumulative incidence of CRC in this cohort was 21.2% at
5 years and 35.8% at 10 years of disease.14 This change in
incidence may be explained with the widespread use of
surveillance colonoscopy,15 a chemoprotective effect attrib-
utable to the more use of maintenance therapy with 5-ASA
(5-ASA) and immunosuppressive drugs,16,17more aggressive
surgical intervention for high-grade dysplasia (HGD) and
environmental factors (►Fig. 1).18

Incidence of CRC in Crohn’s Disease
While the relationship between UC and CRC has long been
established, the association between Crohn’s colitis and CRC
was recently discovered. The risks remain similar and are
attributed to the colonic extent of inflammation.19–21

The relative risk of CRC in Crohn’s colitis was been
reported to be 23.8, whereas the risk was 4.3 in the general
Crohn’s population.22 It has also been suggested that the
relative riskof developing CRC in isolated colonic Crohn’swas

6.9.23 A study from Sweden demonstrated a relative risk of
CRC of 5.6 for those with exclusively colonic involvement, as
compared with a relative risk of 3.2 for patients with
ileocolitis and 1.0 for patients with ileal involvement only.24

Patients whose IBD was diagnosed prior to the age of
30 years have a higher relative risk of developing CRC than
those diagnosed at an older age. A meta-analysis of 12
hospital and population-based studies of CRC risk in CD
revealed an overall relative risk of 2.5.25 In the subset of
patients with colonic disease, this risk rose to 4.5. Patients
with ileal disease only have the same risks as the general
population. The cumulative risk of CRC for all patients with
CD, regardless of disease distribution,was 2.9% after 10 years,
5.6% after 20 years, and 8.3% after 30 years of disease.

Patients who have only had small intestinal CD without
colonic involvement are not considered to be at elevated risk
for CRC. Patients with CD of the colon are at increased risk for
dysplasia and CRC, and similar to UC, this risk is related to
cumulative effect of colonic inflammation.26

Risk Factors

Several factors increase the risk of CRC in patients with IBD,
includingageat thediseaseonset, extent, durationandseverity
of the disease, inflammatory complications, family history of
CRC, and having primary sclerosing cholangitis (PSC).27

The most important risk factor is the duration of the
disease, with the incidence of CRC being relatively rare
within the first 8 years of the diagnosis.

In a global meta-analysis by Eaden et al, the risk of
developing IBD-CRC was reported to be 0.3% per year, or
three cases of CRC per 1,000 patient-years of follow-up. The
cumulative incidence of IBD-CRC in patients with UC was 2%
at 10 years, 8% at 20 years, and 18% after 30 years of disease.
Themean duration from IBD diagnosis to the development of
IBD-CRC diagnosis was 16.3 years.12

Fig. 1 Kaplan–Meier plot and a life table showing cumulative inci-
dence of CRC for each type of neoplasia grade. CRC, colorectal cancer;
HGD, high-grade dysplasia; LGD, low-grade dysplasia. (Reproduced
with permission from Am J Gastroenterol.)
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Söderlund et al28 examined the risk of CRC according to
extent of colitis in their population-based study, and
reported the relative risks of CRC to be 2.7 for all patients
with UC, 5.6 for pancolitis, 2.1 for Crohn’s colitis, and 1.7 for
proctitis. Patients with no significant colonic inflammation
and patients with UC limited to the rectum are not at
increased risk of CRC.4,24

Inflammation is a determinant factor for the development
of CRC, and severity of inflammation has been directly linked
toCRC risk.29There is a strongassociationbetweenendoscopic
or histologic score of inflammation and CRC or dysplasia. The
presence of postinflammatory polyps and strictures have also
been associated with an augmented risk, while the macro-
scopically normal colon is not associated with a neoplastic
risk.30 Moreover, the development of colonic strictures is an
important marker of disease severity. Persistence of inflam-
mationmaybethereasonbehind reportsquoting that2 to3.5%
of colonic strictures harbor dysplasia or CRC.31

Predictors of malignant strictures include the develop-
ment of strictures after 20 years of disease, location proximal
to the splenic flexure, and symptomatic obstruction.32

Both family history of CRC (whether IBD related or spo-
radic) and the presence of PSC significantly increase the risk
of IBD-CRC by two- to threefold for family history.33 Ameta-
analysis by Molodecky et al34 reported that the pooled
proportion of IBD in PSC caseswas 68%. Among IBD subtypes,
PSCwasmore common in UC than CD (80 vs. 10% of cases). In
patients with pancolitis, the prevalence of PSC was about 6%,
in contrast to 1% in thosewith only distal colitis.35 Therefore,
the more extensive the colonic involvement, the stronger
association with IBD-CRC.

Pathogenesis and Molecular Biology
Colonic carcinogenesis in IBD is thought to be similar to the
adenoma-carcinoma sequence found in sporadic CRC. The
development of IBD-CRC progresses through a sequence
from early/indefinite to low-grade dysplasia (LGD), and
then to HGD prior to conversion to invasive adenocarcinoma.
However, unlike sporadic CRC, which develops from dyspla-
sia in one or two foci of the colon, cancer arising in colitis
mucosa usually develops from multifocal dysplasia, indicat-
ing a “field change effect.”6,10

The molecular pathway involves alterations in key regu-
latory genes in the colonic epithelium that are also found in
sporadic CRC. However, the timing of these changes is
different, probably because of chronic inflammation that
characterizes long-standing IBD.36

There are similarities of the genetic pathway between
sporadic colon cancer and colitis-associated CRC, including
microsatellite instability (MSI), DNAmethylation, andmuta-
tion and loss of heterozygosity (LOH) of p53. However, the
distinguishing features of IBD-CRC are differences in the
timing and frequency of these alterations.

Thetwomajor typesofgenomic instability foundinCRCsare
chromosomal instability (CIN) andMSI. CIN andMSI in colitis-
associatedCRChave the samefrequency (85%CINand15%MSI)
as seen in sporadic CRC, but they differed in the timing and
frequency from the pattern seen with sporadic CRC.37

Loss of p53 tumor suppressor function and MSI are early
events in IBD-associated CRC, while adenomatous polyposis
coli (APC) loss of function, considered to be a very common
early event in the development of sporadic CRC, is less
frequent in IBD and appears to occur late.

In addition, MSI is an early event and K-Ras mutation is
uncommmon in IBD-CRC in contrast to sporadic CRC.38

Moreover, the oxidative stress is associated with p53 loss
of functional mutations, hypermethylation of the MLH1
gene, and MSI. P53 LOH correlates with malignant
transformation.39

Aneuploidy is amarker of genomic instability and is found
in 20 to 50%ofdysplastic lesions and 50 to 90% of cancers; it is
also detected in long-standing UC. As aneuploidy is often
more widespread than dysplasia in IBD, substantial genomic
alterations must occur in colonic mucosa without disturbing
the morphology.40

Chronic colitis-associated dysplasia may also be associat-
ed with aberrations in both innate and adaptive immune
responses that are themselves proneoplastic. TNF is not only
the fundamental mediator of mucosal inflammation in IBD
but also plays a role in carcinogenesis, inducing activation of
nuclear factor (NF)-κβ in the intestinal epithelium, subse-
quently upregulating antiapoptotic signals mediated by
netrin-1 and Stat3 (via interleukin [IL]-6).41

The adaptive immune response also appears to play a role
in IBD-related carcinogenesis through the interaction be-
tween chronic inflammatory cytokines and the resident
intestinal microbiome. Regulatory T-cells, stimulated by IL-
10, dampen intestinal inflammation and induce epithelial
apoptosis.42 The global antiapoptotic effects resulting from
the inflammatory cytokine milieu may serve to induce
resistance against acute epithelial damage.10,43 However,
when inflammation persists, the antiapoptotic response in
the setting of accumulating genomic damage culminates in
mucosal dysplasia. Additionally, the development of dyspla-
sia within chronically damaged de-epithelialized mucosa
could also explain the nonpolypoid morphologies often
observed in IBD-associated colonic dysplasia.

The frequent k-Rasmutations in sporadic CRC are believed
to be responsible for the typical polypoid growth pattern, so
their relative infrequency in IBD-associated CRC offers a
biologically plausible explanation for the development of
flat, nonpolypoid dysplasia.44

As for CD-associated CRC, the data are limited; however, it
has been noted that mutations in CARD15/NOD2 gene that
activate NF-kβ might be associated with the pathogenic
mechanism of CD.45 Associations have also been found
between CD and SNP in the Toll-like receptor 4 or IL-23
receptor.46 K-Ras and p53 alterations seems to occur early
during inflammatory tumor development, while APC and
other mutations are rare in CD-associated CRC.47

Dysplasia in IBD

Most CRCs develop from a dysplastic precursor lesion and
patients with IBD develop dysplastic lesions that can be
polypoid, flat, localized, or multifocal.48
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Dysplasia is defined as an unequivocal neoplastic alter-
ation of the intestinal epithelium that remains restricted
within the basement membrane, without invasion into the
lamina propria.49

Historically, three major classifications of dysplasia associ-
atedwith IBDhavebeenused. In 1983, Riddell et al established
a classification for dysplasia in IBD that has stood the test of
time and incorporates four main categories (no dysplasia,
indefinite for dysplasia, LGD, and HGD).50 A second classifica-
tion was proposed when Schlemper et al in 2000 headed a
group of gastrointestinal pathologists from Europe, Japan, and
North America to define a new (Vienna) classification to unify
the terminologies.51This classificationwas furthermodified to
be applicable to all luminal gastrointestinal tract cancers.

The distinction between LGD and HGD depends on the
distribution of nuclei within the mucosa, with LGD usually
defined by crowded, hyperchromatic nuclei localized in the
basal half of the cells compared with HGD demonstrating
nuclear stratification and loss of cellular polarity (►Fig. 2).52

Pathogenesis of CRC in IBD can follow the standardpathway
of progression from no dysplasia to indefinite dysplasia to
dysplasia (LGD and HGD) and ultimately to CRC. In IBD,
however, CRC appears to be able to develop directly from
any of the dysplastic lesions (indefinite, LGD, or HGD) without
following the standard pathway. The frequency of progression
of LGD to HGD or CRC is low. When IBD patients with LGD

where followed up for 3 years, 4.9% (five patients) progressed
to eitherHGD(threepatients) orCRC (twopatients). The riskof
malignant evolution, however, is higher in flat dysplasia in the
distal colon.26 The most important predictor for the develop-
ment of HGD and CRC from LGD is a nonpolypoid, or plaque-
like (Paris type 0-IIa—flat elevated height less than 2.5mm
above mucosal surface or type 0-IIb—completely flat) appear-
ance of the lesion. The other predictors are macroscopically
invisible dysplasia, lesion >1 cm and previously identified
indefinite dysplasia. Thehigher thenumberof these predictive
factors, the greater the risk of development of HGD or CRC in a
LGD lesion (►Table 1).53

Surveillance in IBD

The aim of surveillance is to identify any dysplasia prior to
the development of CRC, or cancer at an earlier stage to allow
an appropriate management, improving quality of life and
survival rates.

Even if randomized controlled trials have not been per-
formed to verify that surveillance colonoscopy is effective,
indirect evidence supports an efficacy of surveillance in
reducing the risk of death from IBD-associated CRC and that
surveillance may be acceptably cost-effective, although no
evidence supports that surveillance colonoscopy improved
survival in patients with extensive colitis.54

Table 1 Definition of different types of dysplasia

Term Definition

Visible dysplasia Dysplasia discovered on targeted biopsies

Polypoid Lesion protruding> 2.5 mm into the lumen

Pedunculated Attached to the mucosa by a stalk

Sessile Base of the lesion is contiguous with the mucosa

Nonpolypoid Lesion protruding< 2.5 m into the lumen

Elevated Protrudes less than the height of a closed cup of biopsy forceps

Flat At the level of the mucosa

Depressed At least a portion of the lesion depressed below the level of surrounding normal mucosa

Invisible dysplasia Discovered on nontarget biopsy

Fig. 2 (A) Low-grade dysplasia. (B) High-grade dysplasia.
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Surveillance Guidelines
Several guidelines are available for recommending a specific
surveillance program in IBD patients.

The Cochrane review suggests that surveillance is effec-
tive at reducing the riskof death fromCRCdetecting cancer at
earlier stage and thus have a better prognosis, even if there is
no strong evidence that surveillance colonoscopy prolongs
survival in extensive colitis.55 This was supported by a
nation-wide Dutch study of 149 patients with CRC over a
period of 15 years. This study found that after 5 years of CRC
diagnosis, survival was 100% in the surveillance group
compared with 74% in the nonsurveillance group, and CRC
was detected at earlier stage in the surveillance group.56

Most of these studies agree that screening colonoscopy
should be performed on patients during clinical remission of
the disease in order to avoid bias of inflammatory changes
with dysplasia that surveillance colonoscopy should be
started 8 to 10 years after the onset of symptoms for patients
with left-sided or extensive colitis and that regular surveil-
lance need to be followed up after the initial colonoscopy.

Timing of Surveillance
Current guidelines recommend initiating CRC surveillance at
8 to 10 years after onset of IBD symptoms for all UC patients
(excluding those with isolated proctitis) and for CD patients
with at least one-third colonic involvement (►Fig. 3).10,57

The American Cancer Society recommends screening
colonoscopy 8 years after the onset of pancolitis (both CD
andUC) and 12 to 15 years after the onset of left-sided colitis,
while the British Society of Gastroenterology recommends

screening colonoscopy at 10 years after the onset of symp-
toms in both UC and CD. The European Crohn’s and Colitis
Organisation (ECCO) guidelines are similar, apart from that
they recommend screening colonoscopy at 8 years after
symptom onset in patients with distal UC and at 6 to 8 years
in patients with CD.58 Furthermore, the Australian Cancer
Council recommends screening colonoscopy at 8 years after
symptoms onset in patients with at least distal UC and CD
involving at least one-third of the colon or complicated
anorectal disease.

Methods of Surveillance
Traditionally, surveillance colonoscopy with standard white
light endoscopy (WLE) was used in screening programs. The
technique was to undertake random colonic four quadrantic
biopsies every 10 cm of colon in order to screen for dysplasia,
providing about 33 biopsies. However, a random biopsy only
samples less than 1% of the total colon surface area and has a
detection rate of< 2 per 1,000 biopsies.59

The use of high-definition endoscopic equipment leads to
an enhanced visualization of mucosal details that dramati-
cally improved dysplasia detection in IBD. A retrospective
observational study in 357 patients with IBD found high-
definition colonoscopy detected over twice asmany dysplas-
tic lesions compared with standard definition WLE. More-
over, retrospective studies have reported that dysplasia
detected on random biopsies was visible in 90 to 94% of
cases using high-definition endoscopic equipment.60

The random-biopsy protocol is now increasingly criti-
cized, and focus is being placed on target biopsies supported

Fig. 3 Algorithm for colitis surveillance (www.bsg.org.uk).
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by chromoendoscopy (CE) or other newer endoscopic tech-
niques, such as equipment-based image-enhanced endosco-
py and narrow-band imaging (NBI).59

CE involves spraying a dye, such as methylene blue or
indigo carmine, on colonic mucosa to enhance the visualiza-
tion of the border, surface topography, and crypt pattern of
any lesion present during surveillance endoscopy. The bene-
fit of CE is that it can highlight mucosal irregularities, leading
to higher detection rates with a sensitivity of 93 to 97% and a
specificity of 93%.

An early prospective, randomized, controlled trial dem-
onstrated superiority of CE using methylene blue to a ran-
dom-biopsy approach.61

The limitations of CE include its operator dependence,
need for an adequate bowel preparation, and the concern
that it might be too time-consuming.62

The SCENIC (Surveillance for Colorectal Endoscopic Neo-
plasia Detection and Management in Inflammatory Bowel
Disease Patients: International Consensus Recommenda-
tions) guidelines supported CE over WLE, whether using
standard or high-definition colonoscopy.11

CE can be improved adding confocal laser endomicro-
scopy, which, in combinationwith CE, has shown an increase
in diagnostic yield for CRC compared with CE or standard
colonoscopy alone.63

Equipment-Based Image-Enhanced Endoscopy
This technique relies on NBI, flexible spectral imaging color
enhancement, blue laser image, autofluorescence imaging,
and i-scan, of which clinical trials are only available for NBI
and AFI. All these techniques, however, follow the same
principle which is the intensification of the superficial
structural and vascular aspects of the mucosa by filtering
the white light images.64

NBI uses filters to provide narrow bands of blue and green
light wavelengths to accentuate the intestinal mucosal
surface.

Further attempts to study the use of other equipment-
based image enhanced endoscopy have been pursued, but no
convincing evidence is available to currently recommend
their use in routine practice for IBD surveillance.65

Noninvasive Surveillance
Noninvasive surveillance methods, such as stool DNA and
RNA test, have not been widely used or studied for IBD
surveillance specifically, but studies are currently underway.

Special Conditions
Patients with PSC have a higher risk to develop CRC. A 33% of
incidence of CRC at 20 years of disease duration is found in
patients with concomitant PSC.66

Deoxycholic acid may play a role in carcinogenesis in PSC.
Current recommendations suggest starting surveillance co-
lonoscopy immediately after diagnosis and following with
annual follow-up.67

Ursodeoxycholic acid (UDCA) has shown some benefit in
reducing colonic dysplasia in this population: this effect can
be related to effect in reducing reduced colonic concentra-

tion of deoxycholic acid.68 However, the CRC risk persists
after orthotopic liver transplantation.69

Ileal Pouch–Anal Anastomosis and Pouch Surveillance
Development of dysplasia in patients who have undergone
colectomy with ileal pouch–anal anastomosis (IPAA) is quite
uncommon, either in ileal pouch mucosa and anorectal
mucosa.66

Derikx et al67 suggested that 1.8% of patients develop
pouch neoplasia, with 1.3% developing adenocarcinoma.
Risk factors for developing dysplasia after IPAA surgery
include history of dysplasia or CRC, history of PSC, refracto-
ry pouchitis, and atrophic pouch mucosa with severe in-
flammation.67,68 Considering these factors, patients with a
history of prior CRC, PSC, or refractory pouchitis should
undergo annual surveillance, with biopsies being obtained
in the pouch as well as distally within the anal transition
zone.34 The ideal timing for surveillance in patients with
pouch and without risk factors following an IPAA is still
unknown. Currently, many studies suggest an interval of
every 3 years in the setting of a pouch and long-standing
history of IBD.

Medical Management and
Chemoprevention

Chemoprevention of cancer is defined as the administra-
tion of a synthetic, natural, or biological agent able to
reduce, reverse, or delay the occurrence of malignancy.70

A chemopreventive agent should be effective for elimina-
ting or reducing the risk, safe, acceptable to patients, and
inexpensive.

In UC-associated CRC, chronic inflammation is one of the
most important risk factors, and it is the only one potentially
modifiable: reducing inflammation means reducing the risk
of developing CRC.

Pinczowski et al in 199471 first reported a chemopreven-
tive effect of sulfasalazine in IBD, then several agents with
chemopreventive potential have been identified, including
5-ASA compounds, immunomodulators, UDCA, and folic
acid.72

Mesalazine (5-ASA) is a derivative of aspirin without
gastrointestinal toxicity, antineoplastic properties, and it
activates the peroxisome proliferator activated receptor
which helps maintain mucosal integrity and can suppress
carcinogenesis by interfering with theWnt/β-catenin signal-
ing pathway. It also has an antioxidant and free radical
scavenger properties, which help reduce DNA oxidative
stress and the development of MSI. Thanks to the propriety
of reducing beta-catenin signaling, a key regulator in prolif-
erative mechanism, 5-ASA may also reduce colitis-induced
dysplasia. It have been shown that mesalazine can also
downregulate the expression of c-myc oncogene, which is
noted to be overexpressed in the presence of dysplasia.73

Purine analogs azathioprine and mercaptopurine are
increasingly used as maintenance treatment in IBD because
these can induce sustained remission by reducing colonic
inflammation and promoting mucosal healing.
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In the CESAME National French prospective observational
cohort study, the use of thiopurine was associated with a
reduced hazard of CRC among those with long-standing
extensive colitis.74

Immunomodulators also have anti-inflammatory proper-
ties and are used as maintenance therapy in IBD patients.
Vedolizumab, for example, is an antiadhesion biologic therapy
approved for UC and CD in 2014, capable to reduce intestinal
inflammation by retarding leukocytemigration.While immu-
nomodulators anti-inflammatory properties are well estab-
lished, only limited evidence exists for a chemopreventive role
for immunomodulators in IBD. A recent population-based
study using a database linked to a nationwide pathology
network from the Netherlands demonstrated a significant
chemopreventive effect of thiopurine in patients with IBD.
However, the majority of studies have not shown a chemo-
preventive effect for immunomodulators.49

The role of UDCA in chemoprevention is well supported
from studies of patients with concomitant IBD and PSC. The
colonic concentration of additional bile acids has been impli-
cated as a carcinogen, as this is cytotoxic to colonic epithelial
cells and induces hyperproliferation.56 An analysis of a ran-
domized, placebo-controlled trial of patients with UC and PSC
demonstrateda significant chemoprotective effect forUDCA in
these patients, with a 74% reduction seen in the risk for
dysplasia or cancer in those assigned to the UDCA group.75

Tung et al76 reported that UDCA use was strongly associ-
ated with a decreased prevalence of colonic dysplasia. How-
ever, a retrospective analysis of data from a randomized
controlled trial using a high-dose UDCA (28–30mg/kg body
weight) showed that long-term use of high-dose UDCA was
associated with an augmented risk of colorectal neoplasia in
patients with UC and PSC.75 The chemoprotective effect of
using UDCA for patients with UC but without PSC has not
been explored.

Folate deficiency may have a role in colon carcinogenesis
as it may lead to aberrant DNA synthesis and repair, hypo-
methylation, and decreased apoptosis. IBD patients can be
deficient in nutrients due to poor oral intake and decreased
absorption, particularly in active disease. Observational
studies investigating the benefit of folate replacement in
chemoprevention for dysplasia and CRC in IBD patients,
however, did not reach statistical significance, and thus,
recommendation of folate supplementation in routine prac-
tice is not undertaken for CRC prevention.77

The role of statins in chemoprevention of CRC was studied
due to their ability to competitively inhibit 3-hydroxy-3-meth-
ylglutaryl-coenzymeA reductase, an enzyme overexpressed in
cancer cells and statins can also induce apoptosis in cancer cell
lines invitro. In ameta-analysis of42studies, chemopreventive
effect of statins on sporadic CRC was modest.78

Management of Dysplasia in IBD

Discernible dysplastic lesions in areas of the colon unin-
volved by colitis should be treated with standard polypec-
tomy techniques, and surveillance should continue based on
the patient’s IBD risk.

Polypoid Visible Lesion
For polypoid visible lesions, it is critical to establish if the
polypoid lesion can be fully removed. Endoscopic resection
is indicated only if complete resection is possible. Depend-
ing on the size of the polypoid lesion, endoscopic mucosal
resection (EMR) may be considered, even if only few, small
studies have demonstrated success with this technique.79,80

The current standard of care is to obtain additional biopsies
of the flat mucosa around the polypectomy site to verify
absence of any surrounding dysplasia.10,81,82 However,
Lahiff et al and Ten Hove et al in two recent studies criticize
this approach because further biopsies rarely provide any
additional information.83,84

Follow-up of patients with completely resected dysplastic
polypoid lesions depends on the type of lesion: if polypoid
visible dysplasia is present but there is no history of under-
lying colitis in the area, routine IBD-specific surveillance
should be considered. However, in areas where colitis is
present, a closer surveillance monitoring with colonoscopy
in 6 to 12 months is recommended. Patients with larger
sessile lesions that are removed via EMR or piecemeal
resection should repeat surveillance in 3 to 6 months, fol-
lowed by annual controls if the initial follow-up shows no
evidence of residual polyp.11 When lesions are not endo-
scopically resectable or there is evidence of endoscopically
invisible multifocal LGD or invisible HGD, total proctocolec-
tomy (TPC) should be recommended.10,82

Nonpolypoid Visible Lesions
Nonpolypoid visible lesions should be evaluated for safety
and efficacy of endoscopic resection. The presence of sub-
mucosal invasion or underlying malignancy is associated
with a lack of success of endoscopic resection and includes
depressed or ulcerated lesions, unclear margins, inability to
lift the lesion with submucosal injection, and flat malignant
changes next to the lesion.85 In addition, biopsies should be
obtained adjacent to the resection site, and a tattoo should
be placed to aid in future surveillance.86

Only few data regarding the risk of CRC after resection of
nonpolypoid dysplastic lesions are available. Recent studies
suggest early surveillance colonoscopy at 3 to 6 months for
resected nonpolypoid dysplastic lesions.11 For unresectable
nonpolypoid lesions, proctocolectomy should be considered
after biopsies confirm the presence of dysplasia.

Endoscopically Invisible Dysplasia
Endoscopically invisible dysplasia detected through random
biopsies should be confirmed from pathologist experienced
in IBD because there is a significant interobserver variabili-
ty in the diagnosis of IBD-associated dysplasia.10,87 Invisible
dysplasia is associated with the presence of synchronous
CRC. In fact, synchronous CRC is present in 22% of patients
with invisible LGD, while the estimated rates of CRC in
invisible HGD range from 45 to 67%.30,88

Recent guidelines recommend referral to an experienced
center for CE with high-definition endoscopy and repeat
random biopsies after detection of invisible dysplasia.11 If
visible lesions are present on CE, resection and further
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follow-up should be recommended. In the case that LGD
and no presence of dysplasia are present on CE, it is
necessary to consider risks and benefits of surveillance
versus proctocolectomy.

In a 2003 study of 46 patients with LGD, 7 (15.2%) patients
developed CRC and 4 of 17 (23.5%) patients who underwent
colectomy for LGD were found to have either HGD or CRC.89

In a recent study, Navaneethan et al90 analyzed 102 patients
with LGD and found that with a median follow-up of
36 months, only 4.9% of patients progressed from LGD to
either HGD or CRC.

Surgical Management Options

The diagnosis should be confirmed by an external second
pathologist because there is a significant interobserver
variability in the interpretation of the presence and the
grade of dysplasia even among experienced gastrointes-
tinal pathologists given the chronic inflammatory changes
in the mucosa and the effect of concomitant medical
therapies.58

Indications for Surgery

High-Grade Dysplasia
According to the ECCO statement, this condition represents
an indication for surgery because of the risk of a concomitant
or future CRC. This is supported by three studies, including a
limited number of cases with HGD, which have found asso-
ciation with syncronous concomitant CR in 42 to 67% or
cases.89,91,92 In a review of collected data from prospective
surveillance trials, 15 of 47 patients (32%) with HGD devel-
oped CRC upon further follow-up.91 Data from the St Mark’s
surveillance program confirmed the risk, since two of eight
patients (25%) with HGD without colectomy progressed to
CRC.30 Overall, the immediate and subsequent risk of CRC in
patients with flat HDG is large enough to warrant a recom-
mendation for surgery.93

Nonadenoma-Like HGD/LGD Lesions
Patients with nonadenoma-like dysplastic raised lesions
should undergo colectomy, regardless of the grade of dys-
plasia detected on biopsy analysis because of the high
association with metachronous or synchronous carcinoma.

All raised lesions should be completely endoscopically
resected if it is possible and the surrounding area should
undergo biopsy: surgery should be considered if dysplasia is
present in the adjacent mucosa or if the mass cannot be
completely resected.93 If polyps in colonic segments proxi-
mal to UC involvement are present, they should be treated as
sporadic adenomas.

Adenoma-Like Lesions
Adenoma-like raised lesions can be adequately treated by
polypectomy provided that the lesion can be completely
excised, no dysplasia at the margins of the specimen and
no evidence of flat dysplasia elsewhere in the colon, the
raised lesion. There is no surgical indication here.58

Low-Grade Dysplasia
The current data are insufficient to assess the balance of risks
and benefits of colectomy for flat LGD. The decision to
suggest colectomy or continued surveillance should be tai-
lored to the single patient after careful discussion, from the
moment that the reported variability in the risk of progres-
sion to HGD or cancer (0–50%).94,95

Surgical Options
Although differing in patterns of inflammation, UC and CD
colitis are often grouped together for both surveillance and
treatment recommendations, with TPC being the only defin-
itive procedure to treat all synchronous and metachronous
colonic and rectal lesions, the recommended surgical proce-
dure in case of dysplasia in UC or cancer is proctocolectomy
with IPAA, considering oncologic principles. There are no
data supporting an oncologic advantage ofmucosectomyand
handsewn anastomosis over stapled anastomosis in this
setting. Colectomy with ileorectal anastomosis (IRA) could
be considered in selected patients.58,96

In patients with a preoperative diagnosis of dysplasia/can-
cer, proctocolectomy should include oncologic lymphadenec-
tomy with ligation of the vessels at their origins. Restorative
surgery is feasible inmostpatients,while an abdominoperineal
excision with end ileostomy should be performed in patients
with very low rectal cancer where adequate distal clearance
cannot be obtained or in whom the anal sphincter is
damaged.92

CD is a surgical decision-making challenge due to the
segmental nature of inflammation, the presence of perianal
disease, malignant transformation of anal fistulae, and risk of
small bowel carcinoma. Most surgeons support TPC when
cancer or dysplasia is discovered, but this usually results in a
permanent ileostomy. Both total abdominal colectomy (TAC)
and segmental colectomy inpatientswithCD (aswellUC)with
comorbidities are possible alternatives but require careful
preoperative patient counseling regarding cancer risk and
compulsive postoperative surveillance of any remaining color-
ectum. IPAA is not recommended for patients with CD.

TPC and IPAA versus end ileostomy. The risk of develop-
ment of cancer in the ileal pouch or at the anal anastomosis is
still present and patients should follow regular surveillance.
Incidences of neoplasia in patients with the IPAA are ap-
proximately 1% at 5 years and up to 5% at 25 years, with
higher rates in patients who undergone previous resections
for colonic cancer.97 Most of these tumors are found in
retained rectal mucosa at the IPAA. However, a TPC with
ileostomy abolish the risk of subsequent cancer development
by virtual removal of the anus. A permanent ileostomy,
instead of an IPAA, is usually performed in the patient who
has sphincter weakness or involvementwith tumor,wants to
avoid multiple operations (as would be necessary for the
IPAA), or has comorbidities that prevent living with the
expected augmented bowel movements (►Fig. 4).

Contraindications to IPAA
IPAA is contraindicated in patients with poor anal sphincter
function, for example, in the elderly postpartum female
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population. Patients with function warrant physiological
studies, such asmanometry as part of a preoperativeworkup.
For these patients, TPC with end ileostomy is most often the
more appropriate choice.98

Complications of IPAA
Pouchitis is themost common postoperative complication in
patients undergoing pouch surgery. Reported risk factors for
pouchitis include younger age at colectomy, smoking status,
regular use of nonsteroidal anti-inflammatory drugs, exten-
sive UC, the presence of backwash ileitis, and extraintestinal
manifestations, particularly PSC.99

TAC with IRA versus End Ileostomy
In the few patients who have no evidence of inflammation
or dysplasia in the rectum, a TAC/ileostomy with a blind
Hartmann’s rectal stump or TAC with IRA may be offered as
an alternative to the TPC. Leaving the rectum has the
advantage of a significant decrease in the morbidity of
the operation by avoiding pelvic dissection. Before the
advent of the IPAA, the TAC with IRA was the main conti-
nence-sparing procedure for IBD-related dysplasia. The TAC
has many advantages over the TPC; most importantly, the
avoidance of pelvic dissection and possible subsequent
pelvic nerve damage that compromises sexual or urinary
function or adhesions that worsen female fertility. Patients
who have undergone TAC/IRA should undergo completion
proctectomy if rectal dysplasia is subsequently discovered
(►Fig. 5).96

Surgical Options in CD
Currently, the choice of the appropriate surgical procedure in
all IBD-related dysplasia is influenced by both lesion mor-
phology and patient fitness for surgery. CD presents distinct
features to UC in this regard. In CD, once dysplasia is identi-
fied, segmental resection is amore feasible option than inUC,
especially if there is no active inflammation in other parts of
the colon. However, extended colectomy or even TPC with
end ileostomy is often more practical choices due to the
significant risk of synchronous dysplasia or cancer. More-
over, in CD patients with severe perianal disease or inconti-
nence, TPC with end ileostomy offers treatment to resolve
the perianal morbidity. IPAA reconstruction is a very rare
option in CD patientswith or without dysplasia, as it requires
an entirely normal small bowel and no evidence of anal
disease.100

Total Abdominal Colectomy
If the patient is not an appropriate candidate for a TPC due to
comorbidity issues or refusal of an ileostomy, the segmental
distribution of CD may suggest the consideration of a lesser
resection. If rectal biopsies show no dysplasia, a TAC with
either an end ileostomy or reconstruction with an IRA is
possible in CD, particularly. An IRAwould require a relatively
healthy rectum, where a Hartmann’s procedure would be
done if rectal inflammation was present. This may offer a
middle ground between TPC and segmental resection, de-
creasing the risk of synchronous and metachronous colonic
lesions but preserving continence. A Hartmann’s procedure

Fig. 4 Total proctocolectomy with ileal pouch–anal anastomosis and TME (Colorectal Surgery Unit, Humanitas Research Hospital, Milan). TME,
total mesorectal excision.
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does not address the increased riskofmetachronous rectal or
small bowel cancer in CD. Therefore, close postoperative
follow-up is still necessary, although rates of rectal cancer
(including that in the retained stump post-colectomy) in CD
is lower than that in UC, presumably due to the relative
lack of inflammation in the rectum in CD versus UC
patients.101,102

The Fate of the Rectum
Patients having a subtotal colectomy for UC or less fre-
quently for CD need to have an in-depth discussion with
their surgeon with regard to the fate of the rectal stump.
Persistent proctitis may continue to be problematic even
with the discontinuation of luminal flow. There is also an
associated cancer risk of 3.1% in the retained rectal stump.
Patients with UC are usually advised to undergo either a
restorative proctocolectomy as a two- or three-staged
procedure, or in those who do not feel they wish to have
an ileoanal pouch constructed, then a completion proctec-
tomy would be the other option. For patients with CD who
wish to retain the rectum which has no active inflamma-
tion, an IRA is a potential surgical option, provided a clear
plan for rectal stump surveillance is discussed and
agreed.103,104

Overall Survival

Severaldifferent recent studies, includingmeta-analysis, case–
control studies, and large retrospective review, show that the
prognosis of IBD-associated CRC is similar to sporadic cancer.

Reynolds et al105 reported on survival data for 243,186
patientswith IBD-associated CRC. IBD-associated CRChad no
effect on 5-year overall patient survival; however, patients
with IBD have higher rates of synchronous and poorly
differentiated tumors with lower rates of rectal tumors.

Similarly, Thicoïpé et al106 reported on patients with IBD-
CRC matched to patients with sporadic CRC on gender, UICC
stage, tumor localization, and date of surgery. The study
found disease-free and overall survivals to be similar in both
groups despite older age in the sporadic control group and
more frequent multiple cancer location in the IBD cases.

Summary

This overview was a whistle stop tour on the pertinent issues
surrounding IBD-related CRC. The associated molecular biolo-
gy and pathogenesis, the risk factors, surveillance, and man-
agement options including chemoprevention and surgery
were all discussed. The take-home message is the importance

Fig. 5 Laparoscopic colectomy with ileorectal anastomosis (Colorectal Surgery Unit, Humanitas Research Hospital, Milan).
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of regular surveillance in order to identify and deal with
dysplasia promptly and prevent progression into CRC.

Conflict of Interest
None.
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