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         Introduction 

 In fl ammatory bowel disease (IBD) patients have an increased 
risk for colorectal cancer (CRC). While not always appreci-
ated, this is true not just for patients with ulcerative colitis 
(UC), but also patients with Crohn disease (CD), particularly 
those with Crohn colitis. While our understanding of the 
clinical and molecular basis for this association has improved 
since the  fi rst case descriptions and series were reported 
nearly a century ago, our means of prevention and treatment, 
primarily colonoscopic surveillance and prophylactic sur-
gery, remain modest, though circumstantial evidence sup-
ports their use. CRC still accounts for a large proportion of 
the premature mortality in both UC and CD. 

 This chapter will review the pathogenesis and clinical 
epidemiology of CRC in IBD, as well as the theoretical and 
literature-based strategies for CRC prevention. Additionally, 
the available evidence on the association between Crohn 
ileitis and small intestinal cancer will be presented.  

   Pathogenesis and Molecular Basis of Cancer 
in IBD 

 Drawing lessons from the molecular changes that account for 
colon carcinogenesis in familial adenomatous polyposis and 
hereditary non-polyposis colorectal cancer, now again called 
Lynch syndrome, the genetic and molecular basis of colon 
carcinogenesis have become better understood in recent 
years. These lessons have been directly applicable to events 
involved in the development of sporadic colorectal neoplasia, 
whose pathways mirror those of the familial cancer syn-
dromes. It is currently believed that the vast majority (80–
85 %) of sporadic CRCs arise from a pathway that involves 

 chromosomal instability  resulting in abnormal segregation of 
chromosomes, aneuploidy, and altered expression of tumor 
suppressor genes (primarily  APC  and  p53 ) and oncogenes 
(mainly  k-ras ) (Fig.  49.1 ). In this pathway, loss of  APC  func-
tion occurs as an initiating or “gatekeeper” event for subse-
quent molecular alterations that culminate in the development 
of adenoma. Loss of p53 gene function occurs later in the 
sequence, typically at the transition of the adenoma to carci-
noma. The remaining 15 % of sporadic CRCs arise through a 
so-called mutator pathway that involves loss of function of 
DNA base mismatch repair (MMR) genes, mainly  hMLH1  
and  hMSH2 . In this pathway, loss of MMR gene function 
results in a phenotype termed  microsatellite instability  ( MSI ). 
Sporadic CRCs that demonstrate MSI are often diploid (as 
opposed to the aneuploid state of chromosomal instability 
pathway-related tumors), tend to occur in the proximal colon, 
and frequently display rather unique histological features 
such as a medullary or solid growth pattern, signet ring cell 
histology, a plethora of tumor in fi ltrating lymphocytes, and 
an adjacent in fl ammatory reaction often referred to as a 
“Crohn-like reaction.” Another distinguishing feature of 
MSI-positive sporadic CRCs is the better survival of patients 
with those tumors compared to the ones without MSI  [  2  ] .  

 IBD-associated CRCs share several features in common 
with sporadic CRC. First, they both arise from a precursor dys-
plastic lesion. In the case of sporadic CRC, the dysplastic pre-
cursor is a discrete, polypoid growth called an adenoma, which 
typically progresses to cancer by enlarging in size, assuming 
greater degrees of dysplasia, and often assuming an increasing 
proportion of villous histology. In chronic colitis, while dyspla-
sia is often polypoid, it may be  fl at or only slightly raised. 
Regardless of its growth pattern, colitis-related dysplasia pro-
gresses through increasing levels of abnormal development in 
its path to CRC. Second, stage-based survival of patients with 
CRC is similar in the two settings. Third, the types of molecular 
alterations that contribute to the pathogenesis of sporadic CRC 
are the same ones found in colitis-associated neoplasms  [  3  ] . 

 While the similarities between colitis-associated neopla-
sia and sporadic colorectal neoplasia are notable, they differ 
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in several important ways. First, colitis-associated cancers 
affect individuals at a much younger age. Second, colitis-
associated neoplasia, by de fi nition, arises in the setting of 
longstanding chronic in fl ammation, whereas sporadic neo-
plasms occur in the absence of an in fl ammatory background. 
Oxidative stress or other insults may lead to earlier or more 
frequent genetic changes to the colon, but the precise mecha-
nisms by which chronic in fl ammation leads to neoplasia 
remain elusive. Third, dysplasias and even cancers in colitis 
are often multifocal, suggesting more of a precancerous 
“ fi eld change” of the colitic mucosa compared to the colons 
of patients with sporadic adenomas and colon cancer; the 
clinical consequence of this difference accounts for the dif-
ferent surgical approach: colitis-associated neoplasms are 
usually treated with total proctocolectomy, whereas sporadic 
adenomas and cancers are treated with polypectomy or seg-
mental resection of affected colon. Fourth, although the two 
settings of colorectal neoplasia might share several types of 
molecular changes, the frequency and timing with which 
these molecular alterations occur is different (Fig.  49.1 )  [  1  ] . 
For example, APC mutations are considered to be common 
and initiating events in sporadic colon carcinogenesis, 
whereas this molecular alteration is much less frequent and 
usually occurs late in the colitis-associated dysplasia-carci-
noma sequence. In addition, in colitis patients, p53 muta-
tions occur early and have even been detected in mucosa that 
is non-dysplastic or inde fi nite for dysplasia  [  4  ] . Likewise, 
MSI has been detected in non-dysplastic mucosa from 
patients with UC, even those patients with disease of rela-
tively short duration, but not from healthy controls or patients 
with other types of benign in fl ammatory colitis  [  5,   6  ] .  

   Colorectal Cancer in Ulcerative Colitis: 
Epidemiology and Clinical Practice 

   Epidemiology 

 Crohn and Rosenberg  fi rst described rectal cancer compli-
cating UC more than 80 years ago. In their manuscript, they 
suggested that the malignancy was a complication of the dis-
ease  [  7  ] . Three years after Crohn and Rosenberg, Bargen, at 
the Mayo Clinic, reported a series of 17 patients with both 
chronic colitis and CRC  [  8  ] . Other cases and series followed, 
and the crude frequency calculations from these studies 
served as evidence supporting a link between UC and CRC. 
With the application of modern epidemiologic methods, true 
incidence calculations, cumulative incidence calculations, 
and standardized incidence rates con fi rmed the association 
between UC and CRC. Cumulative incidence rates have 
largely become the standard by which clinicians and public 
health experts assess the time-dependent risk of cancer devel-
opment in colitis. Similarly, standardized incidence rates 
describe the estimate of the relative risk for developing colon 
cancer for a segment of a colitis population (such as colitis 
patients with universal disease) as compared to the general 
population. While initial series using this more accurate epi-
demiologic terminology came from large referral centers in 
which “incident” cases were referred for evaluation and 
management due to a suspicion for or even the actual pres-
ence of CRC, the use of more appropriate terminology was 
an advance over the previously used crude rates  [  9–  11  ] . Due 
to these now obvious referral biases, however, these  fi rst 
“modern” studies overestimated the true risk of CRC in UC. 
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Subsequent studies from population-based data sources used 
more realistic calculations for determining the incidence of 
CRC in UC. Without referral and other selection biases, the 
cancer incidence calculated in these manuscripts was sub-
stantially lower than that previously reported  [  12–  16  ] . These 
studies, however, may have  under estimated the true risk of 
cancer in longstanding UC, as they included many patients 
with UC who had undergone previous colectomy in the 
denominator of the incidence calculations. In a meta-analysis 
of the risk of CRC in UC in which 116 studies were included, 
Eaden and colleagues found the overall prevalence of CRC 
to be 3.7 % and an overall incidence rate of three cases per 
1,000 person years duration (95 % con fi dence interval rang-
ing from two to four cases per 1,000 person years duration). 
The rate increased with each decade of disease, leading to a 
calculated incidence of 12 per 1,000 person years in the third 
decade of colitis  [  17  ] . These data corresponded to a  cumula-
tive incidence  of CRC of 2 % at 10 years, 8 % at 20 years, 
and 18 % at 30 years disease duration  [  17  ] . It is worth noting, 
however, that referral centers accounted for 64 % of the stud-
ies included in Eaden’s study; only 13 population-based 
reports were located by the Medline search performed as part 
of the meta-analysis  [  17  ] . Based on these and older data, 
typical estimates of CRC incidence usually range between 
0.5 and 1 % per year after 10 years of colitis. 

 More recent studies, however, have raised the possibility 
that prior studies have overestimated the incidence and risk 
for CRC in this population. More recent publications from 
Denmark  [  18  ] , Hungary  [  19  ] , Canada  [  20  ] , and Olmsted 
County, Minnesota (with its relatively small population)  [  21  ]  
have suggested a CRC in UC incidence of between 1 in 500 
and 1 in 1,600 per year, far lower than the 1 in 300 rate cal-
culated in Eaden’s meta-analysis  [  17  ] . These have corre-
sponded to relative risk calculations ranging from 1.1 to 2.7 
times the general population. While some have argued that 
these more “modern” calculations support a declining inci-
dence over calendar time, as seen by Rutter and colleagues 
 [  22  ] , no de fi nitive analysis has been performed to support 
this hypothesis. To what extent such reductions in incidence 
(if they exist) are a function of colonoscopic surveillance 
(see below), chemoprevention with mesalamine-based agents 
or other medicines (also below), or other factors remain 
unknown.  

   Risk Factors 

 A number of clinical variables have been demonstrated to 
modify the risk for CRC in UC patients. These variables 
include duration of UC, anatomic extent of disease, age at 
UC diagnosis, concomitant primary sclerosing cholangitis 
(PSC), a family history of CRC, and in fl ammatory activity. 
The use of certain medications may lessen the risk of 

developing CRC, but the impact of these potentially chemo-
preventive agents is modest. Table  49.1  classi fi es these 
 different risk modi fi ers.   

   Duration of Ulcerative Colitis 

 A number of investigators have demonstrated that the dura-
tion of UC correlates with the risk of cancer  [  9,   23–  25  ] . 
Duration of disease, however, can be a rather subjective mea-
surement. Most studies have used the date of UC diagnosis as 
the point at which the clock starts, but others have argued that 
the time of symptom onset is a better measure of disease 
duration. Whichever point is chosen, a number of distortions 
can be imagined that would impact the  fi ndings in any indi-
vidual study. If  date of diagnosis  is used as a starting point, 
then patients with longstanding, subclinical disease would 
appear to have relatively shorter duration of disease, and such 
subjects would contribute less to any calculation of the effect 
of disease duration. Conversely, by using  date of  fi rst symp-
toms , subjects who were without colitis might mistakenly 
contribute years of disease-free time to calculations of dura-
tion. This distinction in the de fi nition of disease duration may 
be particularly problematic for patients with PSC who fre-
quently have clinically quiescent colitis. Without unanimity 
in de fi nition, there is variability in the estimate of this factor’s 
effect on subsequent CRC development. In Eaden’s meta-
analysis, the effect of duration was made clear as the passage 
of each successive decade resulted in an increase in incidence. 
Incidence was calculated to be 2 per 1,000 patient years (95 % 
CI: 1–4/1,000) at 10 years and 11 per 1,000 (95 % CI: 
4–28/1,000) at 30 years; the rate at 20 years was intermediate 
 [  17  ] . As the overall curve for cumulative CRC risk starts to 
meaningfully exceed that of the general population by 

   Table 49.1    Risk modi fi ers of colorectal cancer in ulcerative colitis   

  Accepted risk modi fi ers  

 Disease duration  Longer duration increases risk 
 Extent of disease  Greater extents increases risk 
 PSC  Presence of PSC increases risk 
 Age of onset  Early age of onset increases risk 
 Family history of carcinoma  Positive family history increases risk 
  Probable risk modi fi ers  
 In fl ammation  Increased in fl ammation increases risk 
  Possible risk modi fi ers  
 Sulfasalazine/5-ASA  Use reduces risk 
 Folic acid  Supplementation reduces risk 
 Ursodeoxycholic acid  Use reduces risk in UC patients with 

PSC 
  Unlikely risk modi fi er  
 Glucocorticoid use 
 6-MP/AZA use 

  PSC-primary sclerosing cholangitis  
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8–10 years, most clinicians will initiate surveillance colonos-
copy once this threshold has been reached. Because many of 
the studies that were entered in to Eaden’s meta-analysis 
antedated the widespread application of colonoscopic dyspla-
sia surveillance, it remains unclear whether the duration of 
colitis exerts a seemingly exponential effect, as Eaden found, 
or a linear effect, which might result if highest risk patients 
are serially removed from the denominator via colectomy 
from surveillance-identi fi ed dysplasia.  

   Anatomic Extent of Ulcerative Colitis 

 The length of involved colon also correlates with cancer risk: 
the greater the surface area of colitis, the greater the cancer 
risk. De fi ning the anatomic extent of UC, as with the dura-
tion of disease, can vary from study to study. In initial reports 
documenting this independent risk factor, anatomic extent 
was de fi ned by a barium enema at diagnosis. Flexible endos-
copy long ago replaced barium radiography for diagnosing 
colitis and its extent, but there is no consensus as to whether 
naked eye  fi ndings at colonoscopy or microscopic extent 
determined histologically should be the gold standard for 
measuring extent. Additionally, de fi nitions of “pancolitis,” 
“universal colitis,” and “extensive colitis” vary within stud-
ies, although they are all typically used to describe disease 
proximal to the splenic  fl exure. Another feature that invites 
confusion into the de fi nition of anatomic extent is the timing 
of the measurement. As extent can change over time  [  26  ] , 
should we take the extent at diagnosis or at some point in 
follow-up? Like other questions surrounding the issue of 
extent, this question has been left unresolved, although the 
majority of studies have used the terms “extent” and “extent 
at diagnosis” interchangeably. Extent at follow-up has not 
been well studied as an independent risk factor. 

 A population-based investigation of a cohort of more than 
3,000 patients with UC de fi ned the extent of UC by barium 
enema exam at diagnosis, and demonstrated an impressive 
gradient of risk as one moves from proctitis (standardized 
incidence ratio of 1.7, 95 % con fi dence interval 0.8–3.2) to 
left-sided colitis (SIR = 2.8, 95 % CI: 1.6–4.4) to pancolitis 
(SIR = 14.8, 95 % CI: 11.4–18.9)  [  13  ] . Devroede  [  9  ] , 
Greenstein  [  25  ] , Gyde  [  24  ] , Katzka  [  27  ] , Mir-Madjlessi  [  28  ] , 
and Gilat  [  14  ]  all reported similar gradients in their studies. 
This  fi nding was con fi rmed, though not directly studied, in 
Eaden’s meta-analysis  [  17  ] . In terms of “how” extent should 
be de fi ned, it is worth noting that a group from University of 
California San Francisco found CRC in areas proximal to the 
endoscopically perceived margin of colitis that turned out to 
have microscopic disease in that region  [  29  ] . On this basis, 
clinicians should consider the most proximal extent of dis-
ease  microscopically  as the proximal extent of disease, and 
plan any prevention strategy accordingly.  

   Age of Ulcerative Colitis Onset 

 Importantly to pediatricians, age of colitis onset, as a  variable 
independent of disease duration, has been implicated in some 
studies to modify the risk of IBD-related colon cancer. This 
hypothesis, however, remains in question. Reporting one of 
the highest published cumulative rates of CRC in colitis, 
Devroede and colleagues found that at 35 years of follow-up, 
43 % of subjects with documented UC prior to age 15 had 
developed CRC  [  9  ] . This study, however, re fl ected pediatric 
patients seen at a large referral center; additionally, the num-
ber of patients available to analyze after 35 years of follow-
up was quite small, with the error surrounding this point 
estimate correspondingly quite wide. While some investiga-
tors have failed to demonstrate a link between age of colitis 
onset and the subsequent development of CRC  [  14,   27  ] , oth-
ers have con fi rmed the direction if not the magnitude of 
Devroede’s  fi ndings  [  13,   24  ] . In the previously mentioned 
study by Ekbom, for example, the authors found that the 
relative risk of cancer in colitis decreased with advancing 
age—younger patients have a higher risk  [  13  ] . This overall 
gradient was con fi rmed by Eaden, who found that cumula-
tive rates of CRC were greater than the pooled estimates for 
CRC among adult colitis patients, though this difference did 
not meet conventional thresholds for statistical signi fi cance 
 [  17  ] . Although neither the precise nature nor the precise 
magnitude of CRC risk for younger patients with UC has 
been determined, extra caution should be applied to pediatric 
patients given both the suggestion of an increased risk from 
the medical literature and the obvious increased lifetime risk 
given a longer life expectancy.  

   Primary Sclerosing Cholangitis 

 PSC is a chronic cholestatic liver disease in which there is 
progressive in fl ammatory  fi brosis of the biliary tree. It is an 
infrequent complication of IBD, affecting 2–8 % of patients 
with UC. However, among patients with PSC, 62–72 % have 
underlying IBD. Since the intersection of CRC  and  PSC 
would be expected to occur in small absolute numbers in 
patients with UC, it is largely through case–control studies 
and referral center-based cohort studies that the majority of 
data have been generated to support an association between 
PSC and CRC in UC. Although a positive association has not 
always been noted  [  30–  32  ] , most studies do support such an 
association ,  with derived odds ratios from these “positive” 
studies ranging from 9 to 16  [  33–  37  ] . In a population-based 
study from Sweden, Kornfeld and colleagues found a sub-
stantially elevated cumulative incidence of CRC in UC/PSC 
patients: 33 % at 20 years  [  38  ] . As noted above, since colitis 
activity in PSC is often mild or even subclinical, PSC patients 
in these studies might well have had a longer duration of 
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disease than that was appreciated, making it dif fi cult to tease 
out the precise, independent contribution of PSC to the 
development of CRC.  

   Family History of Colorectal Cancer 

 Family history of CRC has long been recognized as a risk 
factor for the development of sporadic CRC. This risk 
increases according to the number of relatives affected with 
CRC  [  39  ] . In UC, only a few clinical studies have been per-
formed to investigate the independent contribution of a posi-
tive family history for CRC. An early study from Lashner’s 
group at the University of Chicago supported family history 
of CRC as a potential risk factor for CRC in colitis, although 
the association did not reach statistical signi fi cance  [  40  ] . A 
second report from the Cleveland Clinic documented a  lower  
rate of positive family history of CRC among UC patients 
with cancer or dysplasia compared to UC controls without 
colonic neoplasia, though this  fi nding, too, failed to exclude 
the null hypothesis  [  41  ] . Both of these studies, however, 
were designed to test hypotheses concerning the association 
between folic acid supplementation and CRC in colitis. 
Testing for family history as a risk factor was performed as 
part of a secondary analysis, and these studies did not specify 
the rigor with which a family history was obtained. 

 More recently, a handful of studies have suggested an 
increased risk for CRC in UC when a positive family history 
of CRC was documented. Nuako and colleagues at the Mayo 
Clinic were the  fi rst to clearly demonstrate this increased 
risk, calculating an odds ratio of 2.3 (95 % CI: 1.1–5.1) in 
their case–control study  [  42  ] . In a population-based study 
from Scandinavia, Askling and colleagues found a similar 
elevated risk of 2.5 (95 % CI: 1.4–4.4)  [  43  ] , while Eaden (in 
the UK) found an even greater risk (OR 5.0, 95 % CI: 1.1–
22.8) in a multivariable model using case–control derived 
data  [  44  ] . Whatever the absolute magnitude, it appears quite 
likely that a positive family history confers an increased risk 
of CRC in UC.  

   In fl ammation 

 Curiously, although in fl ammation has been assumed to be a 
key factor contributing to higher risk of colonic neoplasia in 
UC, few studies have examined this issue. One well-con-
ducted retrospective case–control study recently reported 
that histologic in fl ammation was indeed associated with an 
increased risk of neoplastic progression based on a retro-
spective case–control analysis of patients followed at a spe-
cialized center     [  45  ] . A retrospective cohort study from Mount 
Sinai, New York has also demonstrated a link between 
histologic in fl ammation on dysplasia and cancer risk, with a 

twofold risk increase for each unit of in fl ammation derived 
from a four-point scale     [  45,   46  ] .  

   Pharmacotherapy and Chemoprevention 

 As with sporadic CRC and interest in cyclooxygenase-inhib-
iting compounds, investigators, clinicians, and patients are 
actively seeking medications that might  decrease  the risk of 
developing CRC in UC. Retrospective studies have been per-
formed examining a number of potential chemopreventive 
agents with mixed results. As is often the case in retrospec-
tively performed studies of medication use, the dose and 
duration of use that de fi nes exposure can be arbitrarily cho-
sen. Nevertheless, a number of studies have been performed 
looking at different hypothesized chemopreventive medica-
tions with exposure de fi ned in a number of different ways. 

   Sulfasalazine/5-Aminosalicylates 
 Sulfasalazine and the newer 5-amino-salicylic acid (5-ASA) 
products have been investigated for their chemopreventive 
effect, mainly by post hoc secondary analyses, yielding 
con fl icting results. In a study designed to investigate the 
effect of supplemental folic acid on CRC risk, sulfasalazine 
use was found to have a positive (i.e. predisposing) effect on 
the development of CRC (slightly but not signi fi cantly higher 
rates of CRC in the exposed group); sulfasalazine allergic 
patients, however, were noted to have a substantially lower 
risk of developing CRC  [  40  ] . Subsequently, Pinczowski and 
Eaden were able to demonstrate a protective effect for sul-
fasalazine or mesalazine  [  44,   47  ] , when dose and duration 
were considered. Tung  [  48  ]  failed to demonstrate a meaning-
ful protective effect, but this study was limited to high-risk 
PSC patients. A number of additional studies with a variety 
of de fi nitions for exposure have now been performed with 
con fl icting results. Some have shown bene fi t with exposure 
to mesalamine-based agents  [  49,   50  ] , while others have been 
less optimistic  [  51,   52  ] . A systematic review reviewed a 
number of these studies, but its conclusion that mesalamine 
is chemopreventive with nearly a 50 % reduction in cancer 
incidence must be taken with some caution owing to the het-
erogeneity of the included studies as well as the different 
designs that were used (case–control, retrospective cohort, 
secondary analyses, population-based, and tertiary centers) 
 [  53  ] . Given the lack of unanimity of these studies, it remains 
in question whether mesalamine-based medications consti-
tute truly chemopreventive agents. For a related question as 
to whether mesalamines are chemopreventive among patients 
undergoing dysplasia surveillance, a center-based cohort 
study that was able to account for changes in exposure over 
time found no such effect  [  54  ] . Given their utility at prevent-
ing  fl ares in patients in remission, however, their use should 
be advocated in all UC patients.  
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   Folic Acid 
 Folic acid, which has been demonstrated to have a protective 
effect in sporadic CRC was twice studied by Lashner, once at 
the University of Chicago  [  40  ]  and again at the Cleveland 
Clinic  [  41  ] . In neither study was a signi fi cant protective 
effect noted, although the point estimates of risk (0.38 and 
0.45) suggested the possibility of a chemopreventive effect. 
Given the low cost and the low risk of adverse events at con-
ventional doses of 400  m g per day and 1 mg per day, the 
administration of folic acid as a chemopreventive drug should 
be strongly considered for all at risk patients.  

   Ursodeoxycholic Acid 
 Ursodeoxycholic acid, an exogenous bile acid used in the 
treatment of PSC, has also been studied. In UC-PSC patients, 
an impressive chemopreventive effect has been demonstrated, 
with a 40 percent difference in neoplasia noted between the 
ursodeoxycholic acid treated group (32 %) and the untreated 
group (72 %)  [  48  ] . This was additionally demonstrated in a 
randomized clinical trial of ursodeoxycholic acid in which a 
74 % reduction in dysplasia or CRC was noted  [  55  ] . Newer 
data, however, from the same group that studied it in the ear-
lier trial, demonstrated that high-dose ursodeoxycholic acid 
at 28–30 mg/kg per day actually gave rise to  more  colorectal 
neoplasia  [  56  ] . As the bene fi ts of ursodeoxycholic acid on 
PSC are questionable at best, it is uncertain whether low-dose 
administration should be given as a chemopreventive agent.   

   Methods to Reduce Risk/Mortality 

 Until we discover or develop a meaningful chemopreventive 
agent and effective strategies to identify a minimal risk sub-
group, only two acceptable forms of CRC prophylaxis exist: 
surgery and dysplasia surveillance. In dysplasia surveillance, 
high-risk patients are identi fi ed by the identi fi cation of neopla-
sia (either dysplasia or cancer) at colonoscopy and are subse-
quently referred to surgery, while cancer and dysplasia-free 
patients continue with periodic colonoscopy. The presumption 
is that only the highest risk patients will undergo a colectomy, 
and lower risk patients will be able to maintain a higher qual-
ity of life with their colons intact. A third option, watch and 
wait, with colonoscopy performed only for symptoms, is 
available, but due to the available evidence that symptomatic 
cancers are associated with a worse survival than asymptom-
atic ones  [  57,   58  ]  is never used in clinical practice.  

   Surgery 

 Without question, the most effective method for minimizing 
CRC risk in UC patients is to perform a total proctocolec-
tomy. This nearly eliminates the risk of colon or rectal cancer, 

and, while cancers have been reported in case reports and 
series in patients who have undergone either hand-sewn or 
stapled anastomoses, the risk of such an event is quite small. 
In the pre-endoscopic era, this strategy of cancer prevention 
was often advocated for patients with longstanding colitis, 
and should still be considered, particularly for patients with 
medically refractory or dif fi cult disease. As surgery is not 
without its potential complications and change in quality-of-
life, however, and as the absolute risk of developing a lethal 
colon cancer may not be suf fi ciently high to warrant such a 
radical approach in  all  colitis patients, surgical prophylaxis 
in asymptomatic patients with longstanding colitis is now 
viewed with skepticism by both patients and clinicians. At 
present, surgical options (for CRC prophylaxis  or  as primary 
treatment for colitis-related dysplasia or cancer) include total 
proctocolectomy with creation of an ileal pouch-anal anasto-
mosis (often referred to as a restorative proctocolectomy) or 
total proctocolectomy with end-ileostomy. Subtotal colec-
tomy with ileorectal anastomosis is to be avoided, although 
there are no studies comparing this procedure to either of the 
other conventional choices. Pouch surgery is generally 
reserved for younger patients, as it requires suf fi cient anal 
sphincter tone. Following pouch surgery, patients may expect 
to have  fi ve or more bowel movements per day due to pouch 
size and ileal  fl ow. Possible complications include sexual 
and bladder dysfunction, incontinence, pouchitis (which 
usually responds to short courses of antibiotics but may 
become chronic and refractory),  fi stula formation, stricture 
formation, anastomotic leakage, and pouch failure. The over-
all failure rate (the proportion of patients eventually con-
verted to end-ileostomy) is approximately 5 %  [  59  ] . It should 
also be noted that the malignant potential of ileal pouch 
mucosa in colitis patients remains unknown. Initial reports 
of pouch dysplasia have been reported, and there have been 
reports of cancer in the cuff of rectal mucosa to which the 
pouch is anastomosed  [  60,   61  ] . While cancer risk following 
proctocolectomy with Brooke ileostomy is close to nil, the 
loss of anorectal function and attendant stoma make this 
option less appealing to most patients who would otherwise 
be candidates for pouch surgery. Potential complications of 
total proctocolectomy with end-ileostomy include sexual 
and bladder dysfunction, stomal  fi stula, peristomal hernia, 
and small bowel obstruction  [  59  ] .  

   Dysplasia Surveillance 

 As it results in too many colectomies in patients who would 
otherwise be unaffected by CRC, prophylactic total procto-
colectomy is seldom performed. Even if limited to the high-
risk groups of patients with longstanding and extensive UC, 
with or without PSC or a family history of CRC, a large 
number of colectomies would be performed in patients who 
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would never develop CRC. What is needed is a tissue marker 
that better determines the highest risk patients, those with an 
imminent risk of CRC. While imperfect on many levels, 
mucosal dysplasia serves as such a marker. 

 In 1967 Morson and Pang  fi rst reported the association 
between mucosal dysplasia and CRC in patients with UC 
 [  62  ] . In their seminal report they noted that rectal dysplasia, 
then termed “precancer” and identi fi ed by blind rectal biopsy 
of colitis mucosa, heralded the presence of an invasive ade-
nocarcinoma  elsewhere  in the colon. If appropriately dis-
criminating, mucosal dysplasia, it was hypothesized, could 
be used as a diagnostic test to identify the highest risk patients 
to whom surgery would be offered. 

 Subsequent studies revealed that, although by no means a 
perfect test, dysplasia was discriminating enough to be tested 
in clinical practice. Retrospective studies con fi rmed Morson 
and Pang’s  fi ndings, noting the presence of dysplasia either 
adjacent to or remote from cancer in colitis  [  63–  65  ] . 
Additionally, cancer foci were discovered in colons resected 
for the indication of dysplasia  [  66  ] . These data, along with 
the advent of  fl exible  fi beroptic instruments with their ability 
to deliver multiple mucosal samples to the pathologist’s 
microscope, led to the development of protocol-based sur-
veillance programs. Unfortunately, no randomized, con-
trolled trials of surveillance were performed. (This may have 
been a function of dif fi culty in de fi ning suitable control 
patients: would patients allow themselves to be randomized 
to a “no surgery” or “no endoscopy” arm of a surveillance 
study? Or to a “prophylactic surgery” arm?) Nevertheless, 
based on the clinical characteristics of dysplasia and the 
results of numerous surveillance programs, as well as the 
very limited acceptability of other prevention strategies, 
namely surgery for all longstanding colitis or waiting for 
cancer symptoms, periodic colonoscopy with biopsy for dys-
plasia became an accepted form of cancer prevention in UC. 
In addition to its widespread use in clinical practice, it has 
been advocated in the guidelines statements for colon cancer 
prevention  [  67  ]  and UC care  [  68  ] . 

 Single-armed surveillance programs have demonstrated 
the feasibility, though not the ef fi cacy, of conventional sur-
veillance  [  15,   66,   69–  79  ] . When “control” arms were used in 
these studies, they included patients in whom surveillance at 
another institution or referral to the institution for malig-
nancy could be considered as “no surveillance.” Nevertheless, 
the  fi nding that cancers found during surveillance were more 
often at earlier stages than cancers found in a “watch and 
wait” strategy contributed to the acceptance of dysplasia sur-
veillance as a form of cancer prevention  [  57,   58  ] . Other key 
features about surveillance programs worth noting include 
the presence of advanced stage cancers despite inclusion in a 
surveillance program (some due to patient drop-out and some 
due to progression while under surveillance);  [  76,   79,   80  ]  the 

variable intervals used for surveillance; variable rates of 
patient drop-out; and the substantially varied rates of dyspla-
sia incidence across studies. For surveillance to be effective, 
it should reduce CRC mortality in IBD patients. In the 
absence of prospective controlled studies, a well-designed 
population-based case–control study sheds light on this 
issue. Karlen and colleagues compared the exposure to 
colonoscopy among cases with CRC deaths and alive con-
trols matched for age, gender, disease duration, and disease 
extent  [  81  ] . The point estimate of cancer mortality reduction 
from either one or only two previous colonoscopic exams 
was a threefold decrease. Although the odds ratio of 0.3 did 
not reach statistical signi fi cance (95 % CI: 0.1–1.3), this is 
certainly a clinically impressive result. A recent case–control 
study from the Mayo Clinic con fi rmed these  fi ndings, and 
even crossed the threshold of statistical signi fi cance with an 
odds ratio of 0.4 for 1–2 surveillance examination (95 % CI: 
0.2–0.7)  [  82  ] . While these data were not population-based in 
their orientation, they nevertheless support the notion that 
surveillance is likely effective. Additional support comes 
from decision analysis models  [  83–  85  ]  that demonstrate 
improved outcomes for a population in surveillance com-
pared to no surveillance. As with all such modeled data, there 
are many assumptions that lack real-world support, such as a 
lack of dropout while under surveillance and an orderly pro-
gression from no dysplasia to low-grade dysplasia to high-
grade dysplasia to CRC  [  83,   84,   86  ] . Cost effectiveness 
analyses have similarly predicted that surveillance was a 
superior strategy to no surveillance (although prophylactic 
colectomy, while unacceptable to patients, was the preferred 
strategy vis-à-vis life-years saved over time). 

 What then might limit the effectiveness of dysplasia sur-
veillance in UC in practice? One factor may be dif fi culties in 
histologic interpretation among pathologists. Indeed this was 
thought to be so substantial a problem after the initial reports 
of surveillance studies that in 1983 an international group of 
experts convened to establish true de fi nitions for the evalua-
tion of dysplasia surveillance specimens: no dysplasia, 
inde fi nite for dysplasia (with three subtypes), low-grade dys-
plasia, high-grade dysplasia, and CRC  [  87  ] . Unfortunately, 
despite these codi fi ed de fi nitions, substantial rates of dis-
agreement, even among expert GI pathologists, have been 
noted  [  87–  90  ] . Rates of disagreement among community 
pathologists, not surprisingly, have also been substantial 
 [  88  ] . In these studies, crude rates of agreement have been as 
low as 40 % and as high as 72 %, with best agreement when 
no dysplasia was present; kappa values, which can account 
for chance agreement were fair to good. Clearly, this system 
needs less subjectivity and overall improvement. 

 Lack of perfection from practicing pathologists is not the 
only reason for surveillance not to reach its potential. 
Gastroenterologists also fall short of ideal practices. One 
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variable that contributes to lack of uniform clinician prac-
tices stems from the uncertainty that surrounds the predictive 
value of dysplasia. While there is near-universal agreement 
that patients found to have high-grade dysplasia should 
undergo colectomy due to rates of concurrent adenocarci-
noma near 50 %  [  64  ] , considerable controversy surrounds 
the management of low-grade dysplasia. Adding to the con-
troversy is the fact that LGD can be  fl at or polypoid, unifo-
cal, or multifocal, or not repeatedly found on sequential 
colonoscopic exams. Few studies have directly addressed 
these variables in patients with LGD. 

 How to best manage LGD depends in large part on how 
likely patients with this  fi nding are to either already harbor 
or progress to more advanced neoplasia (HGD or cancer). 
More speci fi cally, the essential unanswered question is 
whether failure to perform a colectomy in patients with LGD 
results in a poor outcome. In a landmark study from St. 
Marks Hospital in which the In fl ammatory Bowel Disease 
Morphology Study Group’s 1983 de fi nitions were used  [  87  ] , 
the rate of progression to advanced dysplasia from LGD was 
54 % at 5 years  [  91  ] . In the same year as the St. Mark’s pub-
lication, a systematic review of surveillance programs by 
Bernstein and colleagues noted a 19 % rate of cancer at 
“immediate colectomy” following the discovery of LGD. 
These results were con fi rmed by studies from the Mayo 
Clinic  [  92  ]  and Mount Sinai in New York  [  80  ] , in which the 
rates of progression for  fl at LGD were 33 % (95 % CI: 
9–56 %) and 53 % (95 % CI), respectively. Furthermore, in 
the Mount Sinai study, 19 % of patients who underwent 
colectomy within 6 months of their initial  fl at LGD  fi nding 
were found to have CRC in their resection specimens. Of 
those who progressed, cases of node-positive cancer without 
intervening HGD were found. Neither the number of biop-
sies positive for LGD nor any other clinical variable were 
found to be predictive of subsequent progression, with unifo-
cal  fl at LGD carrying a 5-year rate of progression of 53 % 
 [  80  ] . Investigators from the University of Washington where 
an aggressive biopsy protocol is followed  [  93  ]  and from The 
Karolinska Institute, Sweden  [  94  ] , however, discovered less 
frequent progression and no cancers. Not all investigators 
have discovered the same high risk for LGD as that noted by 
St. Mark’s, Mayo Clinic, and Mount Sinai in New York. A 
group from Karolinska in Sweden noticed a near-total lack 
of progression following discovery of LGD, but this group’s 
pathologists did not use the full panoply of IBD Morphology 
Study Group de fi nitions, as readings of “inde fi nite” for dys-
plasia were not allowed. Additionally, a number of patients 
were included whose discovery of LGD occurred prior to the 
establishment of the Riddell criteria  [  95  ] . Additionally, the 
Leeds, UK group led by Lim found little progression from 
LGD, leading him and his co-authors to conclude that con-
tinued surveillance with satisfactory biopsy practices was a 

safe alternative to surgery  [  96  ] . Finally, the University of 
Chicago group found a low actuarial rate of progression 
among patients with both  fl at and polypoid low-grade dys-
plasia  [  97  ] . While the variable rates of progression (perhaps 
secondary to variable biopsy practices, observer variation in 
the interpretation of dysplasia, or imperfect follow-up) make 
it dif fi cult to draw absolute conclusions for the management 
of patients with  fl at LGD, early colectomy for LGD that is 
histologically con fi rmed by two expert pathologists should 
be strongly considered at the least. For patients who defer or 
refuse colectomy for LGD, gastroenterologists must make 
certain that patients return for follow-up examinations and 
that surveillance is appropriately performed with an adequate 
number of biopsies taken to exclude dysplasia. 

 It should be noted that a negative exam following LGD 
can occur for a number of reasons: (1) the previous examina-
tion was a false positive due to pathologic interpretation 
error; (2) the present examination is a false negative due to 
sampling or interpretation error; or (3) both exams were 
accurate. Not  fi nding dysplasia on a repeat colonoscopy fol-
lowing one that detected LGD is no reassurance that dyspla-
sia has regressed or will not “recur.”  [  79  ]  It was estimated 
that to exclude dysplasia with 95 % con fi dence, 56 biopsies 
must be performed, and to exclude 90 % con fi dence, 33 
biopsies should be taken  [  98  ] . This number of biopsies is 
rarely performed even in academic centers  [  99,   100  ] . Eaden 
noted that 57 % of UK gastroenterologists take fewer than 
ten biopsies in a surveillance exam based on their response to 
a questionnaire  [  99  ] . In a study examining actual gastroen-
terologists’ practices, Ullman and colleagues found that the 
mean number of evaluable biopsies in patients with LGD 
was only 17.5  [  80  ] . Such undersampling represents another 
limitation for dysplasia surveillance among gastroenterolo-
gists. Whether such practices truly limit the effectiveness of 
surveillance remains unknown. 

 The appropriate management of polypoid LGD, like that 
of  fl at LGD, is equally challenging. Polypoid dysplastic 
lesions in UC were labeled DALMs (dysplasia-associated 
lesions or masses), by Blackstone and colleagues in 1981 
 [  70  ] . In this study, patients had been referred for a suspicion 
of CRC, and with that obvious selection bias, many lesions 
were noted to be >2 cm in diameter, and the reported DALMs 
were noted to harbor a 58% (7 of 12) risk of cancer  [  70  ] . 
Despite the impressive cancer risk of DALMs in the 
Blackstone report, astute clinicians hypothesized that smaller, 
adenoma-like lesions might present a lesser risk. Two simul-
taneously published studies reported on their experience of 
treating smaller, sessile lesions with endoscopic resection 
(without surgery). Rubin and colleagues from Mount Sinai, 
New York followed 48 patients with ulcerative or Crohn coli-
tis in whom dysplastic polyps were detected at colonoscopy 
 [  101  ] . In those patients in whom polyps were endoscopically 
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resected and the remaining colon was dysplasia-free,  no  
patient progressed to CRC after a mean follow-up of 4.1 years 
 [  101  ] . In Engelsgjerd’s study from the Brigham and Women’s 
Hospital in Boston, none of the 24 colitis patients with ade-
noma-like polyps treated with polypectomy developed ade-
nocarcinoma after a mean follow-up of 42.4 months  [  102  ] . 
Odze reported on the continued follow-up of the Brigham 
group 5 years later, and only one case of CRC developed, this 
in a patient 7.5 years after her initial polypoid lesion had been 
resected  [  103  ] . Similar results were noted in a recent publica-
tion by Rutter and colleagues  [  22  ] . And both Goldstone  [  104  ]  
and Pekow  [  97  ]  have documented a more favorable outcome 
for polypoid LGD as compared to patients with non-targeted 
LGD  fi ndings, likely a function of the success of polypec-
tomy as in sporadic CRC. The need for complete resection of 
polypoid lesions was underlined in a publication by Vieth, in 
which 10 of 60 patients in whom residual neoplasia was left 
behind progressed to CRC  [  105  ] . These data seem to indicate 
the relative safety of endoscopic polypectomy in colitis pro-
vided the lesions are small, completely resected, and that the 
rest of the surveillance run is dysplasia-free. When removing 
a suspicious polyp in a colitic colon, it is important to sepa-
rately biopsy the mucosa immediately adjacent to the polyp 
base because if the polyp resides in a bed of dysplasia, colec-
tomy is warranted. 

 The colitic colon with numerous in fl ammatory pseudopo-
lyps presents another challenge to the endoscopist. It is wise 
to remove any polyp that has unusual features. Molecular 
studies using global gene expression arrays suggest that 
DALMs can be distinguished from apparently sporadic ade-
nomas  [  106  ]  holding promise for managing these dif fi cult 
lesions. Finding a dysplastic lesion in a sea of in fl ammatory 
polyps, however, poses a substantial challenge to the endos-
copist. It is not surprising that a recent publication found that 
the presence of in fl ammatory pseudopolyps carries a sub-
stantial (2.5-fold) risk for subsequent CRC  [  82  ] . 

 In addition to a lack of certainty among experts as to how 
to manage  fl at, low-grade dysplasia and polypoid dysplasia, 
other impediments to the success of surveillance exist within 
the GI community. Poor understanding of dysplasia and sur-
veillance practices exist among trained gastroenterologists 
 [  99,   100,   107  ] . Indeed, only 19 % of the respondents cor-
rectly identi fi ed dysplasia as neoplastic tissue in Bernstein’s 
two decade old questionnaire study  [  107  ] . Whether gastroen-
terologists’ understanding has improved since that time 
remains uncertain. 

 Patient factors have also limited the effectiveness of 
colonoscopic surveillance in colitis. Patient drop-out or non-
compliance with surveillance programs has been demon-
strated to be a substantial source of CRC mortality  [  58,   74, 
  76,   79  ] . 

 Despite the limitations of surveillance based on the 
dif fi culties of dysplasia interpretation, poor agreement on 
dysplasia management, suboptimal surveillance perfor-
mance, and risks of patient dropout, no other acceptable 
method for cancer prevention in colitis exists. As such, dys-
plasia surveillance will remain with us until a superior sub-
stitute is found. Current recommendations for how 
surveillance should be performed have been published in a 
number of different formats  [  1,   108,   109  ] . All of these publi-
cations agree that 4-quadrant biopsies, with each quartet of 
biopsies in a separate jar, should be taken every 10 cm, with 
suspicious lesions labeled and placed in a separate jar; exam-
inations should be performed every 1–2 years for patients 
with disease involving one-third or more of their colon after 
8 years of disease. Surveillance should begin at diagnosis for 
all patients with UC and PSC. A recent position statement in 
 Gastroenterology  summarizes these  fi ndings  [  110  ] .  

   Alternatives to Surveillance 

 Augmentation of white light surveillance has been proposed 
using  chromoendoscopy  using the dye stains methylene blue 
or indigo carmine to better highlight subtle and “ fl at” lesions. 
These procedures have demonstrated higher detection rates 
for dysplasia in head-to-head comparisons  [  111  ]  with con-
ventional dysplasia surveillance and in back-to-back surveil-
lance in which each patient serves as his/her own control 
 [  112,   113  ] . While an increased yield in the detection of dys-
plasia is a worthy  fi nding, whether the introduction and 
application of chromoendoscopic surveillance will alter the 
 outcome  for colitis patients remains untested: potential 
bene fi ts may come in the form of reduced intensity of sur-
veillance for patients with dysplasia-free chromoendoscopic 
examinations, decreased non-targeted biopsies, decreased 
cost per examination, and potentially others. Other types of 
advanced endoscopy have been proposed as well, including 
narrow band imaging and various forms of spectroscopy. To 
date, none has demonstrated a bene fi t to patients. Molecular 
markers, whether from serum, RNA or stool, may also hold 
promise for complementing or replacing dysplasia surveil-
lance, but as yet, they have not been incorporated into sur-
veillance protocols.   

   Colorectal Cancer in Crohn Disease 

 Like UC, colitis in CD carries a risk for CRC greater than 
that of the general population. This was not always appreci-
ated, however, as initial reports noted only a small, and 
sometimes not statistically signi fi cant, increase in CRC 
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among patients with CD  [  114,   115  ] . A number of factors 
likely contributed to the dilution of the true effect of CD on 
colorectal carcinogenesis. First, patients with the disease 
limited to the small bowel were included in some calcula-
tions of incidence. Second, patients who had undergone sur-
gery, particularly colectomy, were often included. And 
 fi nally, a number of investigators performed their analyses 
without taking into account the duration of the disease, or 
more importantly, the extent of colonic involvement for this 
often segmental disease. Together, these factors resulted in a 
long-held belief that CD carried a  lower  risk for colon cancer 
than UC. Other studies  [  116–  119  ]  and even re-analysis of 
original data in which only subjects with longstanding and 
anatomically substantial Crohn colitis were examined  [  120  ]  
demonstrated that Crohn  colitis  harbored a CRC risk increase 
similar to that of UC and that both greater duration of colitis 
and greater length of involved colon increased the risk. As 
with UC, earlier disease onset resulted in even greater 
increases in relative risk of CRC, likely as a function 
decreased risk in the rate of sporadic CRC used in the denom-
inator of these calculations. Population-based studies from 
separate continents have demonstrated a clear increase in 
CRC rates not only when limited to cases of Crohn colitis, 
but even when all patients with CD are considered  [  20,   121  ] . 
A recent meta-analysis by Canavan and colleagues calcu-
lated a pooled estimate of CRC relative risk to be 2.5 (95 % 
CI: 1.3–4.7) for all patients with CD, culled from 12 pub-
lished manuscripts; for patients with colonic disease (in the 
four reports where it was available), the pooled RR was 4.5 
(95 % CI: 1.3–14.9)  [  122  ] . Clearly patients with Crohn have 
a higher risk than the general population. 

   Similarities Between CRC in Crohn and UC and 
Rationale Behind Recommendation for 
Surveillance 

 In addition to the greater rate and earlier appearance of CRC in 
Crohn colitis when compared to the general population, inves-
tigators have noted other important similarities between 
Crohn-related CRC and UC-related CRC  [  123  ] . These include:

   A higher proportion of mucinous and signet-ring histology  • 
  A greater proportion of synchronous lesions compared to • 
sporadic CRC  
  Similar survival rates once detected (also true of sporadic • 
CRC)  
  Presence of tumor in areas of macroscopic disease • 
(although this point remains in question for CD)  
  Presence of dysplasia adjacent to and distant from tumor • 
suggesting a  fi eld effect    
 This latter feature has led a number of experts to recom-

mend a strategy of serial surveillance colonoscopy for 
patients with longstanding, extensive Crohn colitis as is 

performed and recommended for UC patients. To date, only 
one single-practice-based retrospective Crohn surveillance 
program has been reported in the literature  [  124  ] . In this 
study, Friedman and colleagues demonstrated both the feasi-
bility and practicality of surveillance in Crohn patients with 
colitis affecting at least one-third of their colon for a mini-
mum of 8 years. The authors detected dysplasia or cancer in 
16 % of their 259 patients over a 16-year period, in which 
663 examinations were performed; there were no cancer 
deaths  [  124  ] . As this is the only available study describing a 
surveillance program in CD, and there is no available control 
arm (i.e., no surveillance) against which to compare mortal-
ity rates, the ef fi cacy of surveillance in CD is not yet estab-
lished. Nevertheless, it has been recommended that all 
patients with extensive Crohn colitis (greater than one-third 
of colon involved) undergo periodic surveillance or be rec-
ommended prophylactic surgery after 8 years of disease, as 
is done with extensive UC. Guidelines have suggested that 
practices used in surveillance should be similar to those 
demonstrated to be able to rule out dysplasia in UC  [  1  ] . The 
effects of agents thought to be chemopreventive in UC are 
untested in CD.   

   Crohn Disease and Adenocarcinoma 
of the Small Intestine 

 As with colonic adenocarcinoma in Crohn colitis, an 
increased risk of small intestine adenocarcinoma has been 
demonstrated in patients with small bowel CD. Unlike CRC, 
the second most common lethal malignancy in the US, ade-
nocarcinoma of the small intestine is uncommon. Even when 
evaluated in population-based reports, the absolute numbers 
are quite small, with the largest such series having only  fi ve 
patients with small bowel adenocarcinoma  [  20  ] . A summary 
of these studies is presented in Table  49.2 . Since the absolute 
rates for these cancers is so small, and the best means of 
prevention is uncertain if a pre-clinical, precancerous  fi nding 
were detected, it would be impractical to perform screening 
and surveillance in all patients with small bowel CD. When 
there is a change in clinical symptoms or a change in barium 
exams, however, the possibility of a small bowel malignancy 
should be entertained, particularly in a patient with long-
standing disease.   

   Table 49.2    Small intestinal cancer and Crohn disease   

 Year  Author  Subjects  Cases  Risk/odds  95 % CI 

 1992  Ekbom  [  121  ]   1,655  1   3.4   0.1–18.6 
 1993  Munkholm  [  115  ]   373  2  50  37.1–65.9 
 1994  Persson  [  125  ]   1,251  4  15.6   4.7–40.1 
 2001  Bernstein  [  20  ]   2,857  5  17.4   4.2–72.9 

  95 % CI = 95 % con fi dence interval  
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   Other Malignancies 

 Following case reports and series of extraintestinal malig-
nancies, investigators questioned whether certain neoplasms 
might be related to either the presence or treatment of IBD. 
Greenstein and colleagues performed one of the  fi rst studies 
in which relative risks were calculated  [  126  ] . Using patients 
hospitalized for IBD at a tertiary care hospital, the authors 
determined that there was an increased incidence of leuke-
mias, lymphomas, and squamous cell cancers when com-
pared to published population-based controls  [  126  ] . Given 
the source of their sampling, a likelihood of selection and 
detection biases must be considered. Other referral-based 
studies examining this issue have demonstrated increased 
incidence of leukemias  [  127,   128  ]  as well as bile duct,  [  28  ]  
and endometrial cancers  [  28  ] . Despite the large number of 
Crohn and UC patients, low absolute numbers of extraintes-
tinal malignancies with broad con fi dence intervals have 
resulted in claims of “signi fi cance,” when one less case 
would have resulted in “no signi fi cance.” Ultimately, popu-
lation-based analyses of cancer incidence in IBD have 
replaced the center-speci fi c studies with their inherent biases. 
One such population-based study came from Ekbom and 
colleagues who determined that in a cohort from Uppsala, 
Sweden there was no increase in the incidence of leukemias, 
lymphomas, bile duct cancers, or uterine cancers  [  121  ] . 
However ,  an increase was noted in connective tissue cancers 
and squamous cell cancers of the skin, as well as brain can-
cers among patients with extensive UC  [  121  ] . It is worth not-
ing, however, that no adjustments were made for the multiple 
comparisons in Ekbom’s studies. Other population-based 
studies have also failed to detect an increased number of 
extraintestinal malignancies. These include another Swedish 
study in which Crohn patients from Stockholm county were 
analyzed  [  125  ] —only a slight increase in bladder cancer was 
found and no increase in leukemias, lymphomas, bile duct 
cancers, or endometrial cancers was demonstrated—and one 
from North America  [  20  ] . In this latter population-based 
study from Manitoba, Canada that included over 6,000 IBD 
subjects, Bernstein and colleagues found an increase in liver 
and biliary tumors in both Crohn and UC (with only  fi ve 
such cases) and a small increase in lymphomas only among 
men with CD. As increased rates of lymphoma and other 
hematologic malignancies have been raised as possible 
adverse effects of either azathioprine or 6-mercaptopurine 
use in other conditions  [  129–  131  ]  and rates of these malig-
nancies have been calculated in series from large referral 
practices and centers  [  132,   133  ] , it is notable that Bernstein 
and colleagues demonstrated  no  relation to an increased risk 
of hematologic malignancies and purine analog use, the  fi rst 
population-based dataset to do so  [  20  ] . More recently, rare 
lymphomas (hepatosplenic T-cell lymphomas), particularly 

in younger patients, have been noted with anti-TNF therapy 
particularly in combination with purine analog immunomod-
ulators  [  134  ] . This topic is reviewed elsewhere in this 
volume.  

   Summary 

 CRC remains a major threat to patients with longstanding 
UC and Crohn colitis. Due to patients’ and physicians’ desires 
to avoid unnecessary surgery, prophylactic colectomies are 
rarely performed in these patients. Instead, caregivers and 
IBD patients tend to elect a program of dysplasia surveil-
lance in an effort to simultaneously minimize cancer mortal-
ity and unnecessary colectomies. Although only circumstantial 
evidence supports the use of such a strategy as a means of 
reducing CRC-related mortality, dysplasia surveillance will 
remain the standard of care until better tests are available. 
Extra caution should be given to pediatric patients whose 
relative risk and lifetime risk of cancer are increased. Small 
intestinal cancer occurs at an increased rate in patients with 
Crohn enteritis, but the absolute risk remains low. 
Extraintestinal malignancies are uncommon in IBD but lym-
phomas, biliary tract cancers, and squamous cell cancers of 
the skin may occur at an increased rate in IBD patients. The 
mechanisms for all of these processes remain elusive, but it 
is hoped that advances in molecular medicine will help to 
unravel these issues in the future.      
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