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Abstract

Inflammatory bowel diseases (IBD) are accompanied by an
increased risk of developing colitis-associated carcinoma
(CAC). These tumors are one of the most important causes of
morbidity and mortality in patients with IBD and distinctly
differ from sporadic colorectal cancer in their biology and
underlying mechanismes. First, this review discusses risk fac-
tors for the development of CAC and summarizes some of
the most important genetic alterations and molecular path-
ways involved in inflammatory carcinogenesis. Then, new
endoscopic techniques, such as chromoendoscopy and con-
focal laser endomicroscopy, and their contribution to sur-
veillance and early detection of CAC are presented. Last, we
briefly address different types of concepts for prevention
(i.e. anti-inflammatory agents) and treatment (i.e. surgical re-
section) of CAC and give an outlook on this importantaspect
of IBD. Copyright © 2012 S. Karger AG, Basel

Introduction

First reports about inflammatory bowel diseases
(IBD) - especially the two subtypes denoted ulcerative
colitis (UC) and Crohn’s disease (CD) — became frequent
in the beginning of the 20th century. Since then, UC and
CD have stepped into the focus of gastroenterologic re-

search and practice [1]. Already in their early case studies,
Crohn and Rosenberg [2] described the association of
IBD with colorectal cancer (CRC). Today it is well estab-
lished that UC and CD [3, 4] pose a high risk of develop-
ing colonic adenocarcinoma, especially if colitis is diag-
nosed at a young age and is accompanied by long disease
duration, right-sided colitis, pancolitis [5], and/or prima-
ry sclerosing cholangitis [6]. In fact, chronic colitis to-
gether with familiar adenomatosis and Lynch syndrome
are the three high-risk conditions, although they account
for only a small portion of CRC cases. Vice versa, colitis-
associated carcinoma (CAC) is one of the major causes of
morbidity and mortality in patients with UC. In a large
meta-analysis, Eaden et al. [7] estimated the cumulative
risk of CAC to be 1.6% at 10 years, 8.3% at 20 years, and
18.4% at 30 years. As Lashner et al. [8] and Velayos et
al. [9] reported, further contributing factors are colonic
strictures and postinflammatory polyps, but interest-
ingly proctitis and proctosigmoiditis do not increase the
hazard of developing colonic neoplasia [10]. Also the use
of pharmacologic therapy to treat IBD and maintain re-
mission is speculated to modulate the risk of developing
dysplasia/neoplasia and will be discussed in further de-
tail in the section dealing with the treatment of CAC.

Pathogenesis

Extensive research has been carried out dealing with
the underlying pathophysiology of the development and
progression of sporadic CRC. The generally accepted ‘hy-
pothesis’ by Vogelstein et al. [11] describes a multistep
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process from normal gastrointestinal epithelium via hy-
perproliferation and adenomatous polyps to an invasive
carcinoma. But, while in sporadic cancer genetic disposi-
tion is a key player that drives carcinogenesis, in CAC
inflammation is regarded as the deciding factor. Genetics
is not completely off the table in CAC as Nuako et al. [12]
were able to show that patients with IBD and a familiar
history of gastrointestinal tumors have a two-fold risk in-
crease of developing CAC compared to patients with IBD
only. However, the constant inflammatory stimulus leads
to lesions of completely different morphologic and bio-
logic compositions with flat, serrated, and importantly
often times multifocal polypous structures. Numerous
mutations that can be found in sporadic CRC can also be
observed in CAC, but at different time points in carcino-
genesis and with different underlying etiologies (fig. 1).

Mutations in the APC gene are usually regarded to be
the initiating step in sporadic colorectal carcinogenesis
[13]. However, in UC mucosa they are only rarely ob-
served and (if at all) play a role only in late dysplasia car-
cinoma progression [14]. For example, Fogt et al. [15] were
able to show no loss of heterozygosity (LOH) in the APC
gene loci in normal UC mucosa (0/6) or chronic colitis
(0/7). Twenty-seven percent (3/11) of cases in high-grade
dysplasia and 50% (3/6) of cases in carcinoma showed
APC mutations. In contrast, 21% (4/19) of APC mutations
were apparent in sporadic colon adenomas.

For the p53 tumor suppressor gene it is well established
that gene mutations and LOH appear at early time points
in the inflammation-low-grade/high-grade dysplasia-
carcinoma sequence in IBD - a direct contrast to the mol-
ecule’s role in sporadic CRC where it is regarded as the one
of the last crucial protectors from invasive carcinoma. p53
deletion was observed in about 50-85% of colitis-associ-
ated cancers [16]. LOH also seems to correlate with malig-
nant progression. It was detected in 6% of colitis mucosa
specimens, 33% of low-grade dysplasia specimens, 63% of
high-grade dysplasia specimens, and 85% of CAC speci-
mens. Hussain et al. [17] even observed over 50% of p53
mutations in samples of patients with active UC without
any signs of neoplasm. In clearer detail, Brentnall et al.
(18] described in carefully mapped colectomy specimens
that p53 mutations succeed aneuploidy, which is then fol-
lowed by LOH in the p53 gene. One major mechanism that
links inflammation with p53 alterations is oxidative stress
induced by the innate immune cells via reactive oxygen
and nitrogen species [19, 20]. Oxidative stress was also ob-
served to impair DNA repair mechanisms resulting in mi-
crosatellite instability, another frequent cancer predispo-
sition found in inflamed mucosal tissue [21]. Further steps
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in ‘inflammatory carcinogenesis’ in UC are the loss of tu-
mor suppressor gene DCC resulting in low-grade dyspla-
sia followed by the activation of proto-oncogenes, i.e. src
and k-ras in high-grade dysplasia [22].

Apart from genomic alterations and oxidative stress,
inflammatory cytokines, other chemokines, and inflam-
matory transcription factors seem to play an important
role in CAC development - at least in animal experiments
after induction of colitis with DSS or CAC with AOM/
DSS.

For example, NF-kB, one key regulator of inflamma-
tion, and activation is found in many solid tumors and
cancer cell lines [23]. Greten et al. [24] studied the role of
the NF-«kB pathway in a mouse model for UC-associated
CRC by knocking down the IKB kinase, an important
enzyme upstream of NF-kB. Disruption of the IKK(
pathway led to reduction of the tumors in size and num-
ber. It was then shown that Toll-like receptors play an
important role in the interplay between the intestinal mi-
croflora and the mucosal immune defense supposedly
also via NF-kB activation [25].

Also activation of inflammatory transcription factors
leads to secretion of interleukin (IL)-6 by T cells which
has been shown to promote tumor growth via signal
transducers and activators of transcription (STAT) [26].
Supporting these interesting data, high levels of IL-6
could be found in patients with colon carcinoma [27]. Tu-
mor necrosis factor (TNF), which is secreted by macro-
phages as well as T cells and acts through TNF receptor-1,
plays a prominent role in IBD. In fact, TNF-targeting
drugs are an inherent part of the anti-inflammatory re-
gime in CD as well as UC. TNF also plays a role in carci-
nogenesis by inducing DNA damage and promoting an-
giogenesis. TNF-R1-deficient mice that were exposed to
AOM/DSS had reduced inflammation and showed few-
er colitis-associated tumors. Additionally, bone marrow
chimera from TNF-R1-deficient mice or mice treated
with etanercept, a soluble TNF receptor, developed fewer
colonic neoplasms [28]. This is coherent with newer data
in mice receiving long-term DSS mimicking chronic coli-
tis, which were treated with infliximab. Seventy-five to
eighty percent of control mice developed tumors, com-
pared to only 16.7% of mice treated with the anti-TNF
agent. Interestingly, only treatment at early time-points
of DSS colitis prevented the animals from developing car-
cinogenesis. This supports the idea of a ‘top-down’ treat-
ment rather than a ‘step-up’ regimen [29]. Unfortunately,
to date there are no good data dealing with a potential ef-
fect on colitis-associated carcinogenesis in patients re-
ceiving anti-TNF treatment.
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Fig. 1. Diagram of inflammatory carcino-
genesis in colitis-associated cancer.

APC

While in sporadic CRC angiogenesis and VEGEF/
VEGER signaling were studied extensively, in colitis and
CAC this aspect has only recently been tapped. In spo-
radic CRC it was found that VEGF plays a crucial role in
tumor development, and inhibition of this growth factor
increased the overall survival in a large phase III trial
[30]. Apart from tumor development, growing evidence
supports a role for angiogenesis in the pathogenesis of
IBD [31]. VEGF is secreted by various immune cells at the
site of inflammation to induce angiogenesis and also
directly activate other cells of the immune system [32].
Scaldaferri et al. [33] were able to show that VEGF-A in-
duces angiogenesis of human intestinal microvascular
endothelial cells in vitro. Furthermore, DSS colitis was
aggravated in mice overexpressing VEGF-A, whereas
overexpression of soluble VEGFR-1 had the opposite ef-
fect. It was then shown that VEGFR-2 signaling links in-
flammation and CACin a STAT3-dependent manner. In-
terestingly, in their thoroughly conducted trial, Waldner
et al. [34] were not able to show that VEGFR-2 blockage
had a positive effect on the colitis itself, highlighting its
role in carcinogenesis.

Colitis and Colorectal Cancer

Another finding provides an interesting but also con-
troversial explanation for the importance of inflamma-
tion in colorectal carcinogenesis. Aspirin and nonsteroi-
dal anti-inflammatory drugs (NSAIDs - i.e. ibuprofen)
were found to decrease the risk of developing sporadic
CRC [35]. Additionally, they even have a positive effect on
the prevention of neoplasms in familiar adenomatous
polyposis, a congenital genetic disorder [36]. This conclu-
sion was further supported by a systematic review and
meta-analysis of the literature by Velayos et al. [37] show-
ing that anti-inflammatory agent 5-aminosalicylic acid
can lower the risk of CRC in patients with IBD, although
the mechanisms underlying this chemopreventive effect
of anti-inflammatory agents remain to be fully elucidat-
ed. In contrast, a new study by Ishikawa and Herschman
[38] found that tumor formation does not require COX-1
or COX-2 expression in AOM/DSS-treated mice. Inter-
estingly, after repeated AOM injections without an in-
flammatory stimulus by DSS, COX knockout mice were
somewhat protected against carcinogenesis. Thus, fur-
ther studies concerning the role of COX and the effect of
NSAIDs are needed.
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Diagnosis

Given the increased risk of patients with UC and CD
for CRC, surveillance colonoscopy is considered to be the
gold standard in diagnosing intraepithelial neoplasia in
IBD patients, although the role of these preventive pro-
grams remains controversial [39]. In a retrospective study
in 600 patients in a colonoscopic surveillance program
over 30 years, 131 colonoscopies had to be performed for
1 beneficial procedure. Although some patients, especial-
ly those with early asymptomatic cancers, showed a ben-
efit, surveillance was far from perfect, with 13 patients
developing interval cancers during the program [40]. Ad-
ditionally, older data indicates that in 50-80% of cases of
CAC lesions are not visible during colonoscopy [41]. This
highlights the role of another procedure, which is not
completely free of risks: multiple nontargeted biopsies.
Rubin et al. [42] calculated that at least 56 nontargeted
biopsies need to be taken at every single surveillance colo-
noscopy in order to rule out dysplasia with a 95% confi-
dence interval. This is far from optimal, does not include
processing and sampling errors, and highlights the ur-
gent need for new and advanced endoscopic techniques
and procedures.

However, before looking at the new developments in
endoscopic diagnostic tools, it is important to under-
stand the terminology of malignant lesions and their pre-
cursors in IBD. Intraepithelial neoplasia is the updated
term for dysplasia and subsumes all precancerous lesions
in IBD. When characterized macroscopically during en-
doscopy, dysplasia may be either flat or raised, either local
(unifocal) or multifocal. Additionally, dysplasia is further
divided into low-grade dysplasia and high-grade dyspla-
sia. The term dysplasia-associated lesion or mass (DALM)
was originally applied to dysplastic lesions seen during
endoscopy, which cannot be removed [43]. DALMs can
present as flat, sessile, irregular, or ulcerated. The term
ALMs refers to lesions which appear similar to sporadic
adenomas and are amendable for resection. Especially in
highly inflamed mucosal tissue, epithelial repair and re-
generation processes can mimic atypia, which is difficult
to distinguish from true dysplasia. This condition is de-
noted ‘indefinite for dysplasia’ [44].

In recent years, new emerging endoscopic imaging
techniques were introduced, allowing a detailed analysis
of mucosal and submucosal features. Similar to the enter-
tainment industry, the use of high-definition technology
during endoscopy allows higher resolutions and up to
150-fold magnification of mucosal structures. New high-
pixel density CCD chips can improve the minimal dis-
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tance between pixels that can be resolved. Hoffman et al.
[45] showed that HD endoscopy substantially helped to
recognize and characterize flat neoplastic changes.

Another technique called chromoendoscopy utilizes
different colored dyes, which are typically applied topi-
cally via a spraying catheter to enhance mucosal struc-
tures and patterns. These so-called pit patterns have
been well described by Kudo et al. [46] (Kudo pit pattern
classification) and the appearance of the crypt helps to
differentiate neoplastic from nonneoplastic changes and
enables the performance of targeted biopsies. The dyes
used in chromoendoscopy, which is a long-established
procedure, can be divided into absorbable agents (i.e.
Lugol’s stain and methylene blue), contrasting agents
(i.e.indigo carmine and acetic acid), and agents with col-
or reaction (i.e. Congo red and phenol red) as recently
done by Neumann et al. [47]. The ‘renaissance’ of chro-
moendoscopy came when Kiesslich et al. [48] found that
the technique leads to a more accurate diagnosis of the
degree and extent of inflammatory activity in UC pa-
tients compared with conventional colonoscopy in a
randomized, controlled study. Furthermore, chromoen-
doscopy significantly improved early detection of in-
traepithelial neoplasia and CAC in patients with UC.
Another study with back-to-back colonoscopy exam-
ined pancolonic chromoendoscopy with 0.1% indigo
carmine for the detection of CAC and precursors in UC.
Nontargeted biopsies detected no dysplasia in almost
3,000 biopsies, while the procedure after pancolonic
staining required fewer biopsies and detected 9 sites of
dysplasia [49]. A meta-analysis of 6 randomized con-
trolled trials evaluated the diagnostic accuracy of chro-
moendoscopy for CAC detection and found a medium/
high sensitivity and a high accuracy for diagnosis of dys-
plastic lesions [50].

Other techniques also highlight different mucosal fea-
tures, but they use additional filters and computeral algo-
rithms prior to or post image acquisition. This is called
digital- or dye-less chromoendoscopy. Three major sys-
tems are on the market today: narrow band imaging,
which utilizes an optic phenomena, i.e. the infiltration
depth of light into the tissue depends on the light’s wave-
length. By using rotating mirrors only two wavelengths
are permitted to infiltrate the mucosa: 415 and 540 nm.
Light 415 nm in wavelength will be absorbed by the upper
mucosal layers, while longer 540-nm waves will reach
deeper and are selectively absorbed by the hemoglobin
within the erythrocytes inside the submucosal vessels.
The two alternative systems denoted i-scan and FICE use
a digital postacquisition algorithm for computed spectral
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estimation to achieve a better tissue contrast and enhance
certain mucosal features.

Despite reports showing that these three techniques
can support the endoscopist, good data on the superior-
ity of dye-less chromoendoscopy is rare. Only recently a
study proved that NBI seems to be at least equally effec-
tive but faster than chromoendoscopy for the detection of
intraepithelial neoplasia in IBD patients [51]. Although
NBI showed significantly fewer false-positive biopsies,
miss rates were still high and NBI is not recommended
for standard surveillance procedures to date. In a re-
cent prospective, randomized, controlled trial the Mainz
group showed that HD colonoscopy with i-scan is supe-
rior to standard video colonoscopy in detecting colorec-
tal neoplasia, but no special interest was paid to the spe-
cial circumstances in IBD patients [52].

Confocal laser endomicroscopy (CLE) is a novel diag-
nostic tool which has changed modern endoscopy. CLE
uses a new generation of miniaturized confocal micro-
scopic probes that are either integrated into the tip of con-
ventional endoscopes or can beinserted and used through
the working channel. Thus, they provide the endoscopist
with direct in vivo histologic images of the mucosa dur-
ing ongoing endoscopy. Different fluorescent dyes have
to be used either systemically or topically to provide
tissue contrast. The resolution that can be achieved by
bringing the confocal probe in close contact with the
mucosal tissue reaches from cellular to even subcellular
structures, which resembles a 1,000 X magnification of a
tissue portion about the size of a quarter of a square mil-
limeter. Since the first landmark trial by Kiesslich [53] in
2004, various studies have evaluated the technique’s po-
tential in different fields of research. For precancerous
lesions in IBD, again Kiesslich et al. [54] were able to show
that a combination of chromoendoscopy and CLE could
detect 4.75-fold more neoplasias in surveillance colonos-
copies of patients with UC compared to conventional en-
doscopy. Further, 50% fewer biopsies were necessary and
CLE could predict neoplastic changes with a sensitivity
of 95%, a specificity of 98%, and an accuracy of about
98%. Also CLE was feasible to differentiate DALMs and
ALMs, with a high accuracy of 97% and an excellent cor-
relation between CLE and the gold standard: histological
diagnosis (k = 0.91) [55]. Only recently, CLE was even
used to perform molecular-targeted confocal imaging in
vivoinvariousmodels of sporadic CRC. Thiswasachieved
by targeting different tumor epitopes such as VEGF [56]
and EGFR [57] with fluorescently labeled antibodies.
Even precursor lesions such as aberrant crypt foci could
be visualized specifically by detecting CD44v6 in endo-
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scopic biopsy specimens [58]. Unfortunately, the poten-
tial of molecular-targeted CLE has not been explored in
IBD and colitis-associated cancer yet.

In summary, other than in sporadic CRC, the role of
surveillance colonoscopy and its timing remains contro-
versial. There are multiple new high-end endoscopic im-
aging techniques — some of which could truly improve
the diagnosis of CAC and its precursors. The problem re-
mains that most of these techniques are only available in
large endoscopy centers and are not suitable for wide-
spread screening. Furthermore, more studies have to be
conducted to evaluate whether these costly technologies
really yield an additional benefit.

Therapy

There are two aspects in the therapy of CAC, this re-
view focuses on: (i) the role of pharmacologic treatment
in the development of neoplastic lesions in IBD patients
and (ii) the role of surgical intervention (most likely col-
ectomy) as a curative treatment.

For sporadic carcinoma it is well established that phar-
macologic prevention can reduce the patient’s risk and
lower incidence. As described, the most effective chemo-
preventive agents for CRC are drugs inhibiting inflam-
mation (COX inhibitors and other NSAIDs), a hint that
sporadic CRC and inflammation-associated cancer are
somehow promoted by similar pathways. Since inflam-
mation is also seen as the major stimulus for CAC in IBD
patients, there is a strong rationale for the use of anti-
inflammatory treatment as a prevention strategy. While
several studies support this concept, the evidence is
somehow conflicting due to differences in study design
and details of the medication regime.

For example, aminosalicylates are inexpensive, safe,
and already part of the maintenance therapy in IBD
patients with long-standing inflammation. A number of
studies have been conducted to evaluate the potential
of mesalazine and sulfasalazine for chemoprevention of
CAC. For example, Eaden et al. [59] were able to show a
reduction in the incidence of CAC of over 75% using me-
salazine. Although sulfasalzine was not as effective, both
drugs showed a dose-dependent effect. The biggest risk re-
duction was observed when >1.2 g/day were administered,
even after adjusting for other variables such as age and dis-
ease duration. However, while several other studies showed
similar results, some groups were not able to reproduce
these findings and could not observe any significant effect.
For example, Lindberg et al. [60] performed a retrospective

Dig Dis 2012;30:469-476 473




analysis of the use of sulfasalazine or mesalamine treat-
ment, and although there was a slightly lower rate of dys-
plasia and CAC among treated patients compared with
nontreated patients, this was not statistically significant.
However, even though some studies have not shown a sta-
tistically relevant difference, the majority of the investiga-
tions have found at least a protecting effect, supporting the
role of mesalazine and to some extent sulfasalazine as che-
mopreventive agents in CAC development.

Other studies, mostly in patients with UC and prima-
ry sclerosing cholangitis, have evaluated the effect of ur-
sodesoxycholic acid, administered to treat liver disease.
It could be observed that patients receiving treatment had
a lower incidence of CAC and dysplasia compared to un-
treated patients [61, 62]. The underlying mechanism of
this is somehow unclear, but it is suggested that ursodes-
oxycholic acid has an antioxidant potential and carcino-
genic bile acids are reduced [63]. Recent data shows the
role of ursodesoxycholic acid differently, as Eaton et al.
[64] observed an increase in tumor incidence in patients
receiving high doses of the drug. Unfortunately, to date
there is no study evaluating the role of therapeutic anti-
bodies in the prevention of dysplasia and CAC. A hint can
be found in a report by Caspersen et al. [65], who per-
formed a retrospective study on follow-up data of patients
treated with infliximab. Of 651 patients, 4 developed
CAC whereas 5.9 patients were expected to, calculated
from epidemiologic data.

As described above, current guidelines for UC and CD
recommend the first surveillance endoscopy 8-10 years
after onset of the first symptoms and it should be repeat-
ed every 1-2 years for 20 years. Patients with PSC should
be screened annually. Guidelines also define when pa-
tients should undergo preventative pancolectomy: if, af-
ter surveillance colonoscopy, targeted or nontargeted bi-
opsy specimens reveal a flat high-grade dysplasia, which
is confirmed by an expert on GI pathology, colectomy is
indicated. If the high-grade dysplasia is raised and it can
be confirmed that it was removed completely, colonos-
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the absence of further dysplasia. The same pattern should
be applied for raised and flat low-grade dysplasia. Indefi-
nite findings for dysplasia should result in repeated colo-
noscopy within 3-6 months (probably positive) or 6-12
months (probably negative), respectively. If colonoscopy
reveals a DALM, it should be clarified if it is an adenoma-
like DALM or a nonadenoma-like DALM. The former
should result in polypectomy with increased surveillance
if the lesion resides inside colitis. The latter should result
in colectomy [66].

Conclusion
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