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SYNOPSIS

Colitis-associated cancer (CAC) is a relatively rare form of cancer with an unclear pathogenesis. 

CAC serves as a prototype of inflammation associated cancers. Advanced colonoscopic techniques 

are considered standard of care for surveillance in patients with long-standing colitis, especially 

those with other risk factors including sclerosing cholangitis and family history of colorectal 

cancer. When CAC is diagnosed, the standard operation involves total proctocolectomy. 

Restorative procedures and surveillance post colectomy require special considerations. In these 

contexts, new 3D human models may be utilized to usher in personalized medicine.
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I. Introduction

While colitis-associated cancer constitutes less than two percent of all colon cancers1, the 

challenges associated with this type of this cancer have implications that relate to many 

other cancers including disease progression, lack of clarity regarding pathogenesis, and 

broader context for all inflammation-associated cancers.

Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s disease 

(CD), is associated with an increased risk for developing colorectal cancer (CRC). 

Historically, some advocated prophylactic colectomy for patients with longstanding UC in 

order to reduce CRC related mortality.2 While the exact magnitude remains unknown, 

patients with IBD are known to have an increased risk of developing colorectal neoplasia. 

This discrepancy in incidence is due to the wide variability in reported results as a result of 

variations in sources of information, such as data from low volume vs high volume centers, 

population-based data vs case reporting, and other small series.3 In a large meta-analysis of 

116 studies, the risk of cancer in patients with mucosal ulcerative colitis (UC) after disease 

duration of 10, 20, and 30 years was estimated to be 2%, 8% and 18% respectively. The 

reported prevalence of CRC in this analysis was 3.7%1. Another report of a 30-year 

surveillance program calculated the risk of neoplasia (both dysplasia and carcinoma) to be 

7.7% at 20 years. This risk reached 15.8% at 30 years of disease duration.3 In another 

analysis of a 30-year colonoscopic surveillance program in patients with UC, the cumulative 

incidence of CRC was 2.5%, 7.6%, and 10.8% at 20, 30, and 40 years of disease, 

respectively4. Comparable findings have been demonstrated in CD and the reported 

incidence was 8% at 22 years.5 Similarly, the cumulative risk of CRC in CD was reported as 

0.3%, 1.6%, and 2.4% at 5, 15, and 25 years after diagnosis.6

CRC is one of the most devastating complications of IBD. It is associated with significant 

morbidity and mortality up to 15%7,8. To reduce the risk of CRC in these patients, 

endoscopic surveillance guidelines have been developed to allow detection and potential 

removal of precancerous lesions. Such strategies aim to decrease CRC incidence in patients 

with IBD and improve mortality rates7,9.

With the availability of colonoscopy to evaluate the extent of the disease related to IBD and 

obtaining tissue biopsies, and realizing the risk factors associated with developing CRC in 

IBD patients, efforts have been made to limit and/or prevent CRC-related mortality, while 

maximizing organ preservation. The increased risk for IBD-associated CRC prompted the 

practice of surveillance colonoscopy in these patients10. Despite lack of prospective 

controlled trials to evaluate f risk, benefit, and cost effectiveness of this surveillance 

approach, sufficient evidence is available to support the broad adoption of these strategies. 

Subsequent reports showed less risk of CRC which could be attributed to either more timely 

surgical intervention, or perhaps more usage of chemopreventive agents such as 

aminosalicylates, or possibly more implementation of surveillance colonoscopy 3,7,10.
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II. Epidemiology

Risk Factors for Developing Carcinoma in IBD Patients

There are some factors that had been associated with increased risk of developing colorectal 

cancer (CRC) in patients with IBD.

Age at onset of disease—Early age at onset of IBD disease has not been consistently 

shown to represent an independent risk factor for CRC. However, it reflects longer duration 

of disease with associated colitis-related burden of increased risk of malignancy. The 

cumulative risk of CRC in patients with extensive UC has been estimated to be 40% in 

patients who had the disease before 15 years of age and 25% in patients who developed the 

disease between 15 and 39 years of age.11,12

Duration of disease—The relationship between disease duration and risk of neoplasia is 

proportional. It has been demonstrated that the longer the duration of the disease the higher 

risk of developing CRC that is significant after 8 years of disease. While CRC can arise 

before 8 years, this happens in small proportions of patients and is sufficiently infrequent to 

justify commencing surveillance earlier than 8 years 13.

Anatomic Extent of disease—The risk of CRC has been attributed to the extent of 

disease in both UC and CD. Based on the anatomic extent in UC, patients are classified into 

3 categories; Extensive, with inflammation proximal to the splenic flexure; Left-sided, in 

which presence of disease is located in the descending colon up to (but not proximal to) the 

splenic flexure, and proctosigmoiditis, where disease is limited to the rectum with or without 

sigmoid colon involvement12. In UC, the risk for CRC is highest in patients with extensive 

disease, and intermediate in those with left-sided disease, while patients with 

proctosigmoiditis are at no or minimal risk of CRC.3

Histological changes versus macroscopic changes—A proportional relationship 

exists between degree of histologic inflammation and risk of CRC. Indeed, CRC can arise in 

endoscopically normal mucosa that shows histologic evidence of disease on pathology. 

Additionally, carcinoma may also arise in regions where active colitis has remitted, i.e., 

areas with no active inflammation but with histologic findings of inactive colitis in areas 

where the mucosa had never been inflamed, the risk of neoplasia is not increased and 

remains comparable to the non-IBD population3.

Therefore histologic abnormalities are a more reliable determinant of disease status and risk 

for carcinoma than are macroscopic changes. Thus, the anatomic extent of the disease 

should be determined based on both endoscopic and histologic evaluation, whichever reveals 

more substantial evidence of involvement which could be done either at time of diagnosis or 

screening. For surveillance purposes, microscopic evaluation should be included in the 

assessment rather than endoscopic images alone. For example, a patient with macroscopic 

evidence of disease only in recto-sigmoid junction, but has histologic evidence of active 

inflammation in the descending colon should undergo surveillance according to left-sided 

extent of the disease. Furthermore, patients with CD who have more than one third of their 

colon involved are at increased risk for CRC.
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Back wash ileitis and risk of CRC—Inflammation in the ileum associated with colitis 

in the ascending colon and cecum is known as back-wash ileitis. There is no evidence to 

suggest back wash ileitis as an independent risk factor for developing CRC 3,12.

Primary Sclerosing Cholangitis (PSC)—There is a strong association between PSC 

and CRC in IBD patients. In a recent meta-analysis the risk of CRC in UC patients with PSC 

increased 4-fold when compared to UC patients without PSC. This intrinsic risk remained 

after liver transplant at a rate of 1% per patient per year. Patients with PSC may harbor a 

subclinical form of colitis (either UC or CD) for an extended duration prior to their 

diagnosis. Therefore, patients with PSC and IBD are recommended to commence annual 

colonoscopy from the time of diagnosis of PSC. In addition, they are recommended to 

continue surveillance after liver transplant 3,10,12,13.

Family History of CRC—Positive family history is regarded as an important independent 

risk factor with regard to CRC development. An IBD patient with a positive family history 

for a sporadic CRC in a first degree relative has double the risk of developing CRC. 

Furthermore, if that first degree relative was younger than 50 years of age at time of 

diagnosis, this risk will increase to 9-fold in the IBD patient. While family history is 

regarded as independent risk factor for developing CRC in IBD patients, it is unclear if this 

should independently influence the surveillance intervals3,12,13.

Other factors/Special considerations—Colorectal strictures, especially in UC, are 

associated with increased risk of developing neoplasia14. Similarly, the presence of a 

foreshortened colon; as indicative of long-standing inflammation, raises the concern for 

developing malignancy. The presence of these features requires extra vigilance by the 

endoscopist during screening/surveillance and warrants extra biopsies with potentially 

shorter intervals between surveillance colonoscopies.

II. Pathogenesis

The pathogenesis of ulcerative colitis is unclear and subsequently the progression of colitis 

to inflammation to cancer is similarly unclear. Some combination of genetic susceptibility, 

exposure to antigens in the microenvironment, and immune reactivity governs the range of 

clinical phenotypes 15. However, the relationship between these elements is not clear and 

therefore, prevention and therapy are challenging.

First, the genetics are complex. While there have been multiple genes that have been 

associated with inflammatory bowel disease and less specifically with ulcerative colitis, the 

precise correlations are less robust than they are for sporadic colon cancer. Indeed, the 

adenoma to carcinoma sequence16)is not so reliably reproduced. In fact, a variation of this 

sequence, known as the inflammation to dysplasia to carcinoma sequence is believed to be 

operative. In this sequence, noted genetic mutations in p53, Kras, and APC, occur in a 

sequence and with frequencies far different than in sporadic colon cancer. For example, the 

initiating mutation in colitis is believed to be in p53, where there may be a field effect in 

long-term clinically quiescent or minimal disease16–18. For example, sporadic CRCs are 

associated with APC mutations early in their pathogenesis. In contrast, CAC is believed to 
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acquire p53 mutations or loss of heterozygosity early in its pathogenesis, with APC 
aberrations occurring later. In CAC, allelic deletion of p53 occurs in ~50% of cases.19 More 

recent studies using next generation sequencing indicate that genetic alterations occur in 

upwards of 89% of patients20,21. Indeed, such mutations were identified in non-dysplastic, 

but chronically inflamed mucosa22. Overall, genome-wide mRNA and miRNA profiles are 

quite different comparing sporadic CRC vs. CAC23.

While genetics and epigenetic influences undoubtedly contribute to the propensity of the 

phenotype, the microenvironment and how the gut reacts to these challenges controls the 

phenotype. The microenvironment in this context has two major components: the cellular 

microenvironment and the microbiome (Figure 1). As ulcerative colitis and downstream 

dysplasia result from these interactions, they must be considered in the pathogenesis, and 

potentially as therapeutic targets. The cellular elements of the microenvironment include 

multiple cells types including neutrophils, monocytes, T cells, fibroblasts, and the 

endothelia. As this process is driven by inflammation, the inflammatory secretome of these 

cells, as well as their functions in antigen-presentation, wound healing, management of 

injured and dead cells, as well as the interactions with gut bacteria and environmental 

exposures are the key to reconciling the inflammatory process in a positive or a pathological 

manner. In this process, the microenvironmental influences especially including the 

influences of known inflammatory cells, such as neutrophils, monocytes, and T cells, with 

their secreted chemokines/cytokines, by the inflammatory and proliferative cascades that are 

initiated18,24. Dominant signaling pathways involved are WNT, STAT3, TNFα and 

NFKβ25–28. The second aspect of the microenvironment, but constituting an increasingly 

more important contribution to this environment, are the bacteria. The load of bacteria in the 

colon is estimated to be 1011per gram of tissue17. These bacteria have been noted to supply 

nutrients for the colon, provide a protective barrier from pathogens in the colon, and aid in 

the development of the gut immune system. The relationship between these bacteria and the 

host epithelia and microenvironment requires a symbiotic balance to remain in check.

Within the epithelia themselves, the mucus secreted by goblet cells is a barrier against 

infiltration by bacteria and pathogens. This sticky gel-like coating helps to maintain gut 

homeostasis. During attacks of colitis, the integrity of this coating is violated, thus 

permitting contact of the pathogens with the underlying immune system that lies deep to the 

stroma. Other epithelial cells, including Paneth cells, constitute gut defenses. Here the 

secretion of antimicrobial peptides such as defensins and lysozyme also protective. Notably, 

Paneth cells are not usually present in the colon. However, following an acute attack, these 

cells, which constitute the regenerative niche of the colonic crypts, reappear, seemingly to 

prepare a bed for new colonic crypts to repopulate the mucosa29.

III. Surveillance

In the era of preemptive and preventive practice of medicine, at-risk IBD patients should 

undergo surveillance colonoscopies at regular intervals, depending on level of risk. While 

the efficacy of endoscopic surveillance has not been evaluated in prospective randomized 

controlled trials, evidence based on case series, case control studies, and population-based 

cohort studies had demonstrated some benefits suggesting earlier detection of cancer and 
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possibly improved CRC-related survival13. The more long-standing duration and extensive 

expression of UC or Crohn’s colitis puts the IBD patient at higher risk for developing 

dysplasia and CRC 10. Further, as previously mentioned, the extent of the disease does not 

necessarily correspond to the visually inflamed mucosa examined endoscopically, as 

colonoscopic imaging can underestimate the extent of disease.

In a Cochrane analysis30 there was no clear evidence that surveillance colonoscopy prolongs 

survival, whereas, a subsequent cohort study reported a 100% CRC-related 5-year survival 

in 23 patient who received surveillance compared to 74% in non-surveillance group31. One 

analysis demonstrated that surveillance colonoscopy could be cost effective when performed 

in high risk group of patients who has extensive colitis with moderate or severe active 

inflammation, PSC, family history of CRC in first degree family member aged <50 years at 

diagnosis, any degree of dysplasia encountered in previous 5 years.

According to the American Gastroenterology Association guidelines published in 2010, the 

recommendations were to obtain 4 quadrant biopsies every 10 cm summing for at least 33 

“random” tissue specimens from all segments of the colon and rectum in an attempt to detect 

endoscopically invisible flat lesions as well as biopsy or resect all visible lesions.3

Visible vs. Invisible Lesions and White-light endoscopy vs. Chromoendoscopy

The practice of random biopsies arose in early 1980’s in the era of fiberoptic and early video 

endoscopy where dysplasia was surprisingly found in a biopsy taken from unsuspected 

mucosa. Hence, the term “invisible dysplasia”32. Subsequently, it was observed that patients 

who had biopsies from a lesion or a mass were found to have colorectal neoplasia, thus, the 

term “dysplasia-associated lesion or mass” was coined32,33. Random surveillance biopsies 

effectively samples about 1% of colonic mucosa34,35. Furthermore, it has been estimated 

that in order to detect one colorectal neoplasia, 1266 random biopsies were needed36.

Image-enhanced endoscopy in IBD surveillance using high-definition chromoendoscopy 

enabled endoscopists to identify the previously deemed invisible dysplasia detected on 

random biopsy, and made them visible in majority of patients.13 Surface chromoendoscopy 

enhances areas of mucosal nodularity and highlights regions with topographic abnormalities, 

such as depressions and elevations which could be missed on standard white-light 

endoscopy. Randomized and case control studies have shown a two- to three-fold 

improvement in per-patient dysplasia detection and four to five folds increase in per-lesion 

dysplasia detection when chromoendoscopy was used37–41. A meta-analysis of prospective 

studies comparing chromoendoscopy to standard definition white-light endoscopy showed 

that chromoendoscopy with targeted biopsies is associated with 7% increase in detection 

yield, and the calculated the needed number to treat in order to detect one additional patient 

with neoplasia (dysplasia or cancer) is 14.3 (95% CI 9.7 – 30.3)42. Once the lesion is 

identified, chromoendoscopy will enable to delineate the lesion morphology, size, and 

border, in addition to evaluating for any endoscopic features of submucosal invasion.13

If deemed resectable, then the lesion should be tattooed and resected or referred to an 

endoscopist with expertise in endoscopic mucosal resection and/or endoscopic submucosal 

dissection. Additionally targeted biopsies should be obtained from lesions thought to be 
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unresectable as well as lesions of uncertain significance13. The mucosa surrounding lesions 

that underwent endoscopic resection should also be biopsied to ensure that margins are free 

from dysplasia. The benefit of surveillance may be compromised in the context of 

pseudopolyps. As affected patients should be made aware of this fact, some will opt for 

prophylactic colectomy over continuing surveillance in this situation.3

Dysplasia in IBD

In patients with IBD, dysplasia is defined histologically as an unequivocal neoplastic 

changes of the intestinal mucosa in the background of chronic inflammation. It can also be 

classified as an endoscopically visible dysplastic lesion that is detected via resection or 

targeted biopsy, or an endoscopically invisible lesion detected by random biopsies13. While 

dysplasia is a good marker of developing CRC cancer, there are limitations in predicting the 

natural history of dysplasia in IBD patients. Dysplasia is present in 75% to 90% of patients 

with IBD-related cancer, although, carcinoma may occur without a prior history of 

dysplasia.3,12 Taylor et al. found 26% of cancer in proctocolectomy specimens without any 

coexisting findings of dysplasia.43 Furthermore, patients with low-grade dysplasia (LGD) do 

not necessarily evolve into an antecedent phase of detectable high-grade dysplasia (HGD) 

prior to developing CRC. 3,12

Type of Lesions detected endoscopically

The Paris classification44 is a simplified method to describe endoscopically visible lesions, 

and has led to abandoning using the term “DALM (dysplastic associated lesion or 

mass)”44–46. In this classification lesions are categorized into polypoid (where lesions are 

protruding >/= 2.5 mm from mucosa into the lumen) and non-polypoid (lesions with no or 

little protrusion< 2.5mm above the mucosa). Polypoid lesions can be described as 

pedunculated or sessile. Non-polypoid lesions are further classified as slightly elevated, flat, 

or depressed. The location of the lesion should be identified as within or outside an area of 

known colitis. In addition, lesions borders should be described as distinct or indistinct. 

Furthermore, special attention should be given to evaluate for presence of overlying 

ulceration or any other signs indicative of submucosal invasion including depressions and/or 

failure of mucosal lift upon attempting submucosal injection.47,48

Histologic Interpretation

Pathological evaluation of surveillance biopsy specimens in IBD patients, should be 

undertaken in accordance to the recommendations of the “IBD Dysplasia Morphology 

Working Group” findings published in 1983.12 Importantly, the pathological interpretation 

of dysplasia had been notorious for inter-observer variability in mucosal biopsy specimens. 

Thus, pathologists with expertise in gastrointestinal disorder should be able to review and 

confirm findings3. Active inflammatory changes may impose some challenges on pathologic 

evaluation of biopsy specimens for dysplasia. However, the disease activity per se does not 

preclude accurate pathological interpretation. Accordingly, endoscopic examination should 

not be deferred for lengthy time intervals in patients with active inflammation merely for the 

purpose of increasing diagnostic accuracy. Nonetheless, postponement for acceptable time 

interval for any intervention to reduce inflammation is reasonable12.
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Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in 
Inflammatory bowel disease Patients

International Consensus Recommendations: (SCENIC) 48—Despite the overall 

agreement on CRC neoplasia in patients with IBD, there had been lack in consistency 

regarding surveillance, techniques, nomenclature, management and follow-up. Therefore, 

unifying consensus recommendations on the surveillance and management of dysplasia in 

IBD patients were needed. The SCENIC international consensus aimed to address methods 

for detection and management of colitic dysplasia. The consensus working group developed 

recommendations regarding description of dysplasia and ultimately, recommendations were 

made on how to implement the recommendations in clinical practice.49.

Classification (Nomenclature) of IBD Dysplasia—The term DALM can be polypoid, 

non-polypoid, or a mass-like lesion, therefore, it is not specific and may cause confusion. In 

order to avoid confusion, a subgroup of panelists devised new set of terms based on the 

descriptive terms used in Paris classification44 to describe the macroscopic appearance of 

dysplasia in IBD (see above). Therefore, The SCENIC panelists recommended abandoning 

the term “DALM”48. The term “endoscopically resectable” should be used when, and 

indicates: (i) clearly identified and distinct margin of the lesions; (ii) resectability seems 

feasible on endoscopic evaluation and appears completely removed upon evaluation post-

resection; (iii) histopathologic examination confirms complete resection as well as absence 

of dysplasia in biopsy specimens obtained from mucosa immediately adjacent to the 

resection site.48

Further, SCENIC recommended use of chromoendoscopy when performing surveillance 

colonoscopy in patients with IBD rather than white-light endoscopy. Thus, shifting the 

clinical practice from random towards targeted biopsy technique. The statistics of studies 

comparing chromoendoscopy with white-light standard definition colonoscopy alone 

showed a significant increase in rate of identifying patients with dysplasia using 

chromoendoscopy (relative risk = 1.8 [1.2–2.6])32,48. When surveillance is undertaken using 

white-light endoscopy, high definition is recommended rather than standard definition. 

Image-enhanced narrow-band imaging is not suggested in place of white-light colonoscopy 

or chromoendoscopy.48

IV. Management of CAC

Management of Endoscopically Visible Lesions

Lesions identified in a known segment of inflamed colon during surveillance colonoscopy 

and deemed resectable should undergo endoscopic resection aiming to achieve complete 

resection. Biopsies from the flat mucosa adjacent to the resection site should be obtained to 

ensure lateral margins are free of dysplasia13,47. The most important principle is to 

maximize the potential for complete eradication on first attempt. En bloc resection allows 

evaluating completeness of resection as well as margin status which is crucial for subsequent 

decision making.7
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Provided that there is no endoscopically invisible/flat dysplasia, a complete resection 

confirmed on histopathological evaluation prompts close monitoring and surveillance. 

According to the SCENIC recommendations, after histologic confirmation of complete 

resection for polypoid and non-polypoid lesions, the SCENIC statement “suggested” 

surveillance colonoscopy for such lesions rather than colectomy after “complete” removal 

with an interval between 1–6 months from the index colonoscopy as an acceptable interval.
13,48

An endoscopically invisible dysplastic lesion detected randomly during white-light 

endoscopy, and confirmed by a second gastroenterology pathologist, should prompt referral 

to an expert endoscopist skilled in surveillance using chromoendoscopy12,48,50. In these 

examinations, in addition to targeted biopsies, random biopsies should be considered to rule 

out presence of invisible dysplasia. Given the associated high risk of synchronous and 

metachronous CRC, an endoscopically invisible HGD, or multifocal LGD is an indication 

for colectomy13,51.

In all cases, colectomy remains an option and risks and benefits of endoscopic resection and 

surveillance and colon resection should be carefully discussed. Lesions detected in 

histologically proven non-colitic segments of colon can be treated as sporadic adenomas and 

follow the standard post-polypectomy surveillance recommendations.3,12 Pathology that is 

indefinite for dysplasia should prompt aggressive treatment of underlying active 

inflammation, followed by repeat colonoscopy, ideally with surface 

chromoendoscopy13,52,53.

The presence of HGD in a completely resected dysplasia necessitates a discussion with the 

patient regarding risks and benefits of continuing surveillance and surgical intervention. 

Decisions should be made and fashioned on a case-by-case basis.13 In IBD patients who had 

dysplasia on one colonoscopy followed by the absence of dysplasia on a subsequent 

colonoscopy does not preclude or lessens the risk of carcinoma.3,12

Pouch Surveillance

In patients with IBD who underwent restorative proctocolectomy (RPC) ileal pouch-anal 

anastomosis (IPAA), the incidence of pouch carcinoma appears to be low. No consensus 

exists regarding optimal patient selection for surveillance, surveillance intervals, or preferred 

surveillance technique. Potential risk factors presumed to be associated with higher risk of 

developing neoplasia after RPC and IPAA include history of dysplasia or CRC, PSC, 

refractory pouchitis, and type C pouch mucosa (atrophic mucosa with severe inflammation).
13,54

A case-control, population-based study of 1200 patients with IBD and IPAA found that only 

history of colorectal neoplasia was associate with pouch-related neoplasia, where hazards 

ratio was 3.8 (95% CI, 1.4 – 10.2) for prior dysplasia, and 24.7 (95% CI, 9.6–63.4) for prior 

carcinoma. In this cohort, 63% of pouch carcinoma occurred in the anal transition zone.55 In 

a recent systematic review and meta-analysis including 8403 pouch patients with variable 

duration of follow-up, the pooled prevalence of carcinoma in the IPAA was 0.5% (95% CI, 

0.3%–0.6%). in another subset of patients, 7647 patients, in whom pouch dysplasia was 
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reported, the pooled pouch dysplasia prevalence was 0.8% (95% CI, 0.5%–1.3%). This was 

similarly true in studies including only high risk patients such as history of prior CRC, 

pouchitis, longer duration of the disease (> 8years), or PSC; (0.9%–4.6%).7,56–58 The 

cumulative incidences of pouch carcinoma was found to be 0.4%, 0.9%, 1.4%, 2.7% and 

3.4% after 5, 10, 15, 20, and 25 years from IPAA construction7,55,59. Risk factors in this 

systematic review were similar to the previously mentioned as above.

Patients without history of colorectal neoplasia prior to RPC and IPAA had very low 

incidence of pouch-related neoplasia, accounting for about 2.2% after 15 years. Thus, 

patients with history of dysplasia or carcinoma prior to their pouch creation should undergo 

semi-annual surveillance, while patients with history of PS and refractory pouchitis may be 

considered for a yearly exam. During each, surveillance biopsies should be obtained from 

the pouch as well as anal transition zone. There are no available data on the use and/or yield 

of image-enhanced endoscopy in pouch surveillance.

Surgical Management

A dysplastic lesion that is not endoscopically resectable is an indication for colectomy. 

Endoscopic features suggesting unresectability include ill-defined margins, features of 

submucosal invasion, asymmetrical lift upon submucosal injection not attributed to 

inflammatory induced fibrosis, overlying ulceration, large depressions, and flat neoplastic 

changes adjacent to the lesion. Technically challenging locations may also prompt surgery. 

Surgery is also indicated for endoscopically invisible high-grade dysplasia, or multifocal low 

grade dysplasia, recurrence after resection, or lesions removed but do not meet resectability 

criteria by SCENIC.

In patients with UC, colonic stricture should considered malignancy until proved otherwise, 

especially if thorough endoscopic evaluation cannot be performed and obtaining proper 

tissue samples is not feasible; in such situations surgery is also indicated.

V. Special Considerations

Mucosectomy vs. stapled anastomosis and keeping the anal transitional zone (ATZ)

The decision to choose mucosectomy with hand-sewn anastomosis versus stapled pouch-

anal anastomosis with ATZ preservation is a challenging and highly debated topic. 

Proponents of the former advocate that mucosectomy ensures eradication of at-risk 

colorectal mucosa, eliminating the risk of cancer. In this technique there is significant 

manipulation of the anal canal during retraction with removal of the distal rectal ‘sampling’ 

zone. These variations often result in postoperative functional problems with higher rates of 

fecal seepage and incontinence60.

In contrast, stapled IPAA is teachnically more feasable, less time-consuming, and less likely 

to be associated with untoward functional outcomes.61 Stapled IPAA is performed by 

preserving the most distal portion of the rectum called the rectal cuff. Studies have shown 

that islands of retained columnar epithelial cells are retained after mucosectomy in 20% of 

cases.62 Indeed, many of the described cases of pouch adenocarcinoma occur despite 

mucosectomy.

Shawki et al. Page 10

Surg Oncol Clin N Am. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In our practice if no dysplasia was noted in the pathologic colorectal specimen and the 

patient exhibits no other risk factors (PSC, history of family CRC) then stapled IPAA is 

performed, followed by annual ileal pouch and ATZ biopsies with pathologic evaluation. 

This surveillance period may be extended to every 2–3 years if ATZ remains negative for 

dysplasia. Patients with dysplasia confined to colon and upper rectum without other risk 

factors may still be a candidate for stapled IPAA after careful counseling and discussion 

regarding oncologic risks and benefits. Prior to determination, the rectum is extensively 

biopsied throughout, and if no dysplasia exists in the lower rectum, a stapled IPAA may be 

offered without significant increased oncologic risk. ATZ evaluation with biopsies are done 

on annual basis. Presence of CRC and dysplasia in lower 2/3 of the rectum prompts 

mucosectomy and hand sewn anastomosis.60 The risk of dysplastic transformation within 

the ileal pouch itself for IBD patients is low.60,63

A proposed algorithm for management of ATZ dysplasia after IPAA was recommended. For 

HGD in the ATZ, careful ATZ biopsies should be performed at 3–6 months intervals. If no 

further dysplasia is detected then annual biopsies can be carried out. However, should 

dysplasia persists on 2 consecutive biopsies then trans-perineal mucosectomy and pouch 

advancement or trans-abdominal approach could be considered for removal of the rectal 

cuff, or anal canal stripping for control of retained mucosa. For LGD, similar biopsies 

intervals are preferred. If apparent regression of dysplasia is proved, then yearly biopsies 

done thereafter. However, the presence of LGD for 3 (instead of 2 as in HGD) occurrences 

should prompt surgical intervention as above60.

Rectal Cancer in Patients with Colitis

The treatment of stage II and III rectal cancer must involve a multidisciplinary approach for 

best oncologic outcomes. Neoadjuvant chemoradiotherapy has become a cornerstone in the 

multidisciplinary protocols subsquent studies have validated the benefits of preoperative 

radiation therapy in patients who do not have inflammatory bowel disease64. All patients 

with or without inflammatory bowel disease should have neoadjuvant therapy considered in 

certain circumstances, but especially those patients in whom a restorative procedure is 

considered. Adherence to strict oncologic surgical principles regarding circumferential radial 

margins and total mesorectal excision must be obeyed65. As with any type of restorative 

procedure, preoperative radiation avoids potential devastating functional complications 

associated with radiation exposure to the newly created ileal J-pouch, if appropriate for the 

patient’s disease.

Gastrointestinal (GI) toxicity remains a challenge and occasionally results in unplanned 

delays and interruptions in treatment, negatively influencing local control and survival66. 

Acute GI Toxicity could be partially due to the large amount of normal small bowel that is in 

the standard pelvic radiation field. A dose-volume relationship between amount of small 

bowel exposed to/receiving low and intermittent doses of radiation and rate of severe 

diarrhea have been reported67,68. However, such short-term toxicities do not outweigh the 

increase in survival benefit69.

In a retrospective analysis of 161 patients with IBD who had rectal cancer, 66 patients (41%) 

received pre-operative radiotherapy, including short-course (32 patients), long-course (13 
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patients), and chemoradiotherapy (21 patients). Grade 3 or higher GI toxicity was 

encountered in 0%, 7.7%, and 28.6% respectively. Grade 3 or higher toxicity was overall 

28% and not associated with the type of pre-operative therapy. The authors concluded that 

radiotherapy does not impose excessive rates of toxicity pre-or-post-operatively in IBD 

patients with rectal cancer, supporting the use of standard radiotherapy protocols in IBD 

patients with rectal cancer70.

Risk of cancer after colectomy

The cumulative risk of bowel surgery in patients with UC is 25%–30%, and is estimated to 

be 70%–80% in CD patients.7,71,72 RPC and IPAA is considered the standard procedure of 

choice for UC and selected patients with indeterminate colitis. However, this procedure is 

usually performed over multiple operations, and the first stage being a total abdominal 

colectomy and end ileostomy. Patient and clinician concerns about comorbidities such as 

sexual and urinary function or fertility, may lead to choosing a total proctocolectomy with 

permanent ileostomy 7.

It has been reported that total abdominal colectomy (TAC) and ileorectal anastomosis (IRA) 

may be a consideration in certain patients with UC.63 Alternatively, TAC and IRA may be 

the first restorative option for patients with extensive CD63,73. Benefits of such approach 

include preserved continence, as well as urinary and sexual functions. Furthermore, when 

fecundity is of concern, this procedure, particularly when performed laparoscopically, may 

decrease postoperative adhesions thereby increasing the probability of spontaneous 

pregnancy63,74,75.

A systematic review and meta-analysis recently studied the risk of neoplasia after colectomy 

in patients with IBD. A pooled analysis of 1011 IBD patients, with a variable follow-up 

ranging from 0.25 – 40 years, demonstrated 2.1% prevalence of carcinoma in the retained 

rectal stump (95% CI, 1.3–3). However, the cumulative rectal cancer incidence in UC 

patients with rectal stump or IRA was evaluated in one study and shown to be 12.6% after 

24 years from surgery.76 This analysis detected no difference in carcinoma of rectal stump 

prevalence between UC and CD (2.2%, 95% CI, 1.3%–3.4% vs. 2.1%, 95% CI, 0.6%–

4.4%)7.

For IRA, the calculated pooled rectal carcinoma prevalence was 2.4% (95% CI, 1.7%–

3.3%), and the pooled prevalence of dysplasia was 2.5% (95% CI, 1.2%–4.2%). The 

duration of follow -up varied from 1 to 35 years. There was lower prevalence of carcinoma 

in studies published after 1990. Three studies in this review reported on the cumulative 

incidence of rectal carcinoma in IBD patients who underwent IRA7,77–79 The pooled 

analysis showed cumulative incidence of 0%, 5%, and 10% after 10, 20, and 25 years from 

IBD onset respectivel.7. One study estimated 0%, 2%, 5%, and 14% cumulative incidence of 

rectal carcinoma after 5, 10, 15, and 20 years from IRA construction, and 7%, 9%, 20%, and 

25% for rectal dysplasia, respectively80. Regardless, in all situations, a detailed discussion 

regarding functional outcomes, risks of neoplasia, and fertility should be performed with the 

patient. Final decisions should be individually tailored.
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VI. Personalized Medicine for colitis-associated cancer: 3D Human Models

The heterogeneity of human disease and the relative absence of in vitro models, and 

advances in stem cell biology have promoted the acquisition of new human based 3D 

models. In 2011, Sato, developed long-term in vitro cultures from murine bowel and from 

human colon. The cultures involved an air interface, and were able to be propagated 

indefinitely. These techniques have been modified, and Sato81,82 and Kuo83,84 now use 

Matrigel pillows for embedding the organoids and growth is maintained by a rich media 

containing R-spondin, Wnt3A, and Noggin to support the crypt units. However, these 

techniques were utilized for disease states, especially cancer. While the terminal state of 

colitis might be cancer, there are also other manifestations of the disease state which might 

be modeled and interrogated using such a system.

In 2015, Van Dussen85 reported the capacity to isolate and propagate primary epithelial 

organoids from patients with inflammatory bowel disease. Like the techniques reported by 

Sato, Clevers, and Kuo, they were maintained in Matrigel pillow, and sustained in a media 

rich in Wnt 3A, Noggin, and R-spondin. These organoids were able to demonstrate 

biological activity in the face of a challenge including an E. coli bacterial interface where 

differential adhesion was examined. Further studies by Mokry86 on inflammatory bowel 

disease used these techniques to query for risk coding by non-protein coding epigenetic 

elements. Here they queried a small number of organoids from patients with both Crohn’s 

disease and ulcerative colitis, finding that some SNPs correlated with active promoting 

regions of the DNA, correlating with transcriptional regulation.

Our own experience with such techniques indicates that these models may be used to 

generate highly reproducible individualized models of patients with these diseases (Figure 

2). Not only will a limited view of personalized medicine be available, but also mechanisms 

of in vitro and in vivo investigation will be possible using these technologies.

Research Summary

The advent of personalized medicine has arrived for multiple disease states, including 

cancer. Recent advances in technology now have potential to generate rapid models allowing 

in vitro and in silico functional data to not only better understand the disease, but to potential 

test preventive and therapeutic strategies on individual avatars. The models presented here 

are just the beginning of a new phase of investigation.

VII. Future Treatment Strategies

Current therapy is targeted non-specifically against the inflammatory condition which 

initiates these diseases and their malignant sequelae. Surgery to prevent the development of 

oncogenesis has its own set of complications. Future initiatives include personalizing 

treatment, perhaps using organoids from individual patients to test therapies ex vivo or even 

better, as targets of gene therapy to convert the colitic and oncogenetic processes to those 

that result in the regeneration of normal bowel. As more sophisticated strategies are 

available, one could indeed envision using gut flora to affect such therapeutic strategies, 

resulting in the recreation of normal colon.
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KEYPOINTS

• Colitis-associated cancer is a complex disease process for which the 

pathogenesis is unclear.

• Advanced colonoscopic techniques are the standard of care for surveillance of 

those patients with colitis. Unique pathology mandates close surveillance and 

multidisciplinary discussion.

• When proctocolectomy is deemed necessary, specialized considerations for 

restorative procedures and surveillance are required.

• Novel model systems for providing personalized medicine and for 

understanding pathogenesis include colonic organoids.

Shawki et al. Page 19

Surg Oncol Clin N Am. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. The colitic microenvironment
The pathogenesis of colitis involves elements of the microenvironment, co-opted in the 

progression to dysplasia and cancer. Interactions initiated by the inflammatory process result 

in the creation of reactive oxygen (ROS) and reactive nitrogen species (RNS). Early 

intravasation of neutrophils, and vasculature give way to chronic influences of fibroblasts, 

myeloid cells, and T-cells. During the acute phase, loss of intercellular adhesion results in 

leakiness that allows penetration of bacteria into the submucosa with immune responses.

Courtesy of Jennifer Stiene
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Figure 2. A new model to interrogate colitis: the colitic organoid
Recent advances in stem cell biology have resulted in methodology to isolate and propagate 

primary colonic tissues in vitro. A. Normal colon organoid with simple epithelia, mucin 

secretion (MUC2) and lack of lysozyme, a marker for the niche initiator cell, the Paneth cell. 

B. Colitic colon organoid, bearing a stratified epithelium, relative lack of mucin secretion 

(MUC2) and increased lysozyme. In this case colitic process initiates a regenerative cue, and 

the niche initiating cells, Paneth cells, are marked by the stain for lysozyme. IHC = 

immunohistochemistry

Courtesy of Jennifer Stiene
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