
 TOPIC HIGHLIGHT

Jessica K Dyson, Gastroenterology, North Tyneside General 
Hospital, Rake Lane, North Shields, Tyne and Wear NE29 8NH, 
United Kingdom
Matthew D Rutter, University Hospital of North Tees, Hard-
wick Road, Stockton TS19 8PE, United Kingdom
Author contributions: Dyson JK and Rutter MD both contrib-
uted to this review.
Correspondence to: Dr. Matthew D Rutter, Consultant Gas-
troenterologist, University Hospital of North Tees, Hardwick 
Road, Stockton TS19 8PE, 
United Kingdom. matt.rutter@nth.nhs.uk
Telephone: +44-1642-624557  Fax: +44-1642-383289
Received: February 6, 2012 	     Revised: May 22, 2012 
Accepted: May 26, 2012	
Published online: August 7, 2012

Abstract
The association between inflammatory bowel disease 
(IBD) and colorectal cancer (CRC) has been recognised 
since 1925 and still accounts for 10%-15% of deaths 
in IBD. IBD-associated CRC (IBD-CRC) affects patients 
at a younger age than sporadic CRC. The prognosis 
for sporadic CRC and IBD-CRC is similar, with a 5-year 
survival of approximately 50%. Identifying at risk pa-
tients and implementing appropriate surveillance for 
these patients is central to managing the CRC risk in 
IBD. The increased risk of colorectal cancer in asso-
ciation with IBD is thought to be due to genetic and 
acquired factors. The link between inflammation and 
cancer is well recognised but the molecular biology, 
immune pathobiology and genetics of IBD-CRC are 
areas of much ongoing research. This review examines 
the literature relating to IBD-CRC, focusing on the inci-
dence of IBD-CRC and examining potential risk factors 
including age at diagnosis, gender, duration and extent 
of colitis, severity of inflammation, family history of 
sporadic CRC and co-existent primary sclerosing chol-
angitis (PSC). Confirmed risk factors for IBD-CRC are 
duration, severity and extent of colitis, the presence of 

co-existent PSC and a family history of CRC. There is 
insufficient evidence currently to support an increased 
frequency of surveillance for patients diagnosed with 
IBD at a younger age. Evidence-based guidelines ad-
vise surveillance colonoscopy for patients with colitis 8 
to 10 years after diagnosis, with the interval for further 
surveillance guided by risk factors (extent of disease, 
family history of CRC, post-inflammatory polyps, con-
comitant PSC, personal history of colonic dysplasia, co-
lonic strictures). There is a move away from using ran-
dom colonic biopsies towards targeted biopsies aimed 
at abnormal areas identified by newer colonoscopic 
techniques (narrow band imaging, chromoendoscopy, 
confocal microendoscopy).
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INTRODUCTION
Crohn[1] first described colorectal cancer (CRC) in as-
sociation with inflammatory bowel disease (IBD) in 
1925 and colorectal cancer still accounts for 10%-15% 
of  deaths in patients with IBD[2]. The incidence of  IBD 
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has two peaks; between 15 and 30 years, and between 50 
and 80 years[3]. Due to this younger age peak, the mean 
age for developing IBD-associated CRC (IBD-CRC) is 
lower than that seen in sporadic CRC[4]. A meta-analysis 
of  116 studies found the mean age of  IBD-CRC diag-
nosis to be 43.2 years[5]. Lakatos et al[6] found the average 
age of  IBD-CRC diagnosis to be 10 to 15 years younger 
than sporadic CRC in Eastern Europe (50.9 years vs 62.2 
years). The prognosis for sporadic CRC and IBD-CRC 
is similar with a 5-year survival of  approximately 50%[7]. 
Identifying at risk patients and implementing appropriate 
surveillance for these patients is central to managing the 
CRC risk in IBD.

The increased risk of  colorectal cancer in association 
with IBD is thought to be due to genetic and acquired fac-
tors[8]. The link between inflammation and cancer is well 
recognised but the molecular biology, immune pathobiol-
ogy and genetics of  IBD-CRC are areas of  much ongoing 
research. The role of  the immune system for both tumour 
promotion and prevention is being examined. Studies in-
dicate that immune cells are important in tumour promo-
tion, with leucocyte infiltration and inflammatory media-
tors found in association with tumours[9,10].

Genome-wide association studies have now identified 
approximately 99 susceptibility loci/genes relating to IBD. 
The better understanding of  the genetics of  IBD gives us 
more insight into disease pathogenesis. Some of  the key 
themes identified are the role of  interleukin (IL)-23/IL-17 
signalling in IBD, defective barrier function in ulcerative 
colitis (UC) and defective processing of  intracellular bac-
teria in Crohn’s disease[11]. Overlap of  these loci/genes 
is seen with many diseases including CRC: E-cadherin 
(CDH1) has been associated with CRC[12], UC[13], and pos-
sibly Crohn’s disease[14].

MOLECULAR BIOLOGY OF IBD-CRC
IBD-CRC and sporadic CRC both have a dysplasia-
cancer sequence and require multiple mutations to result 
in carcinoma[7]. Sporadic CRC usually occurs as the end 
point of  the adenoma-carcinoma sequence. Multiple 
molecular alterations occur within this sequence: chro-
mosomal instability, microsatellite instability, hyper-
methylation[15,16]. However, there are often differences 
in the timing and frequency of  these events between 
sporadic and IBD-CRC. The molecular and genetic 
alterations occur more rapidly in IBD-CRC and in an 
unconventional sequence[17]. It is suggested that the 
inflammation occurring in colitis results in a cascade 
of  abnormal epithelial proliferation in addition to the 
genetic alterations that occur[18]. In sporadic CRC, loss 
of  the adenomatous polyposis coli gene function oc-
curs early and p53 mutations occur late. The timing of  
these events is frequently reversed in IBD-CRC. It is 
also notable that in IBD-CRC, p53 mutations may be 
found within non-dysplastic mucosa. This is markedly 
different from sporadic CRC where p53 mutations are 
seen in morphologically aggressive lesions[19].

The dysplasia-cancer sequence is a useful concept 
but it is more complex in IBD-CRC. There is not always 
a clear, stepwise transition from normal, through low 
and high grade dysplasia (HGD), to cancer[17]. However, 
low grade dysplasia (LGD) can clearly progress to more 
advanced lesions and there is varying evidence as to the 
size of  this risk. The 5-year cumulative risk has been 
shown to be as high as 33%-54% in a number of  stud-
ies[20-23]. This is in contrast to a 2%-10% risk of  CRC 
over 10 years found by other groups[24,25].

Cancer can occur without preceding detection of  
dysplasia, and LGD can regress or progress directly to 
cancer without the intermediate HGD[26]. The high rate 
of  synchronous and metachronous cancers associated 
with finding high grade dysplasia in biopsies usually 
leads to proctocolectomy[27]. In a review of  10 prospec-
tive trials, 42% of  patients undergoing colectomy for 
HGD had a synchronous CRC[28]. Low grade dysplasia is 
an independent risk factor for CRC and often found in 
flat lesions which are difficult to see endoscopically. This 
is in contrast to sporadic CRC where dysplasia occurs 
within raised polypoid lesions. The concern is that flat 
LGD may be accompanied by HGD or cancer elsewhere 
in the colon. Studies suggest that 16%-27% of  patients 
undergoing colectomy for LGD have synchronous 
CRC[20,22,28]. Opinions differ as to how LGD should be 
managed: colectomy versus colonoscopic surveillance. 
Informed patient choice is important here. If  surveil-
lance is pursued colonoscopy should be repeated in 3 to 
6 mo. The presence of  multifocal LGD is a much stron-
ger argument for colectomy.

QUANTIFYING THE RISK
It is important to quantify the risk of  CRC in association 
with IBD. The reported risk varies widely between stud-
ies. This is partly due to the different methodology used 
in studies. Data comes from a mixture of  tertiary referral 
centres, district general hospitals and population-based 
studies. Information from tertiary centres is likely to in-
clude patients with severe disease who are at greater risk 
of  IBD-CRC. Early studies included patients who had 
already been referred with a diagnosis of  CRC and those 
admitted to hospital with IBD, rather than gold-standard 
population-based studies which have a lower proportion 
of  patients with severe or extensive colitis.

Eaden et al[5] performed a meta-analysis of  116 stud-
ies including 54 478 UC patients with 1698 cases of  
IBD-CRC. The analysis included studies from a wide 
variety of  centres: tertiary referral centres, population-
based studies and hospital-based centres, and from 
different geographical areas. Studies from the United 
Kingdom and United States found a higher incidence [4 
and 5 per 1000 person-years duration (pyd), respectively] 
than those from Scandinavia (2 per 1000 pyd). They 
found the overall prevalence of  CRC in UC to be 3.7%, 
increasing to 5.4% in those with pancolitis.

Ekbom et al[29] undertook a population-based cohort 
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study of  3117 patients with UC who were diagnosed 
between 1922 and 1983. Ninety one patients were found 
to have IBD-CRC giving a standardised incidence ratio 
of  5.7 (95% CI: 4.6-7.0) as compared with the expected 
incidence of  CRC in the general population.

Söderlund et al[30] undertook a population-based study 
of  7607 patients with IBD who were diagnosed between 
1954 and 1989 for a total of  198 227 person-years. A 
total of  196 cases of  CRC occurred in 188 patients, giv-
ing an overall incidence of  85 (95% CI: 82-109) cases 
per 100 000 person-years. This corresponds to a stan-
dardised incidence ratio of  2.3 (95% CI: 2.0-2.6) as com-
pared with the general population.

Other population-based studies have suggested a 
much lower risk of  IBD-CRC. Palli et al[31] followed 689 
patients with UC over 14 years (1978-1992) and found 
10 cases of  IBD-CRC, equating to an annual crude 
incidence of  0.13%. A study in Olmsted County fol-
lowed 378 patients with UC for a total of  5567 person-
years (1940-2004) and found 6 cases of  IBD-CRC. They 
calculated the annual crude incidence to be 0.10% and 
the cumulative risk of  CRC at 30 years to be as low as 
2%. They found no statistically significant increase in 
the standardised mortality ratio (SMR) for CRC between 
IBD and non-IBD populations and concluded that the 
risk of  CRC is only increased in patients with extensive 
colitis[32]. Bernstein et al[33] retrospectively examined 2672 
patients with UC over a total of  19 665 person-years be-
tween 1984 and 1997. They found the annual risks to be 
0.16% for colon cancer and 0.06% for rectal cancer.

Rutter et al[20] followed 600 patients with extensive 
UC (as shown by barium enema or colonoscopy) for 
5932 person-years as part of  a colonoscopic surveillance 
programme (1970-2001). Data was gathered prospec-
tively. Ninety-one patients (163 episodes) were found to 
have dysplasia or CRC. They calculated the cumulative 
probability of  IBD-CRC to be 7.6% and a decreasing 
incidence over the period studied.

A Hungarian population-based study followed 723 
UC patients for a total of  8564 person-years (1974-2004) 
and found 13 cases of  IBD-CRC. They calculated the 
cumulative risks according to disease duration: 0.6% 
after 10 years, 5.4% after 20 years and 7.5% after 30 
years[6]. Hungary has a high rate of  sporadic CRC and 
a low rate of  colectomy for non-CRC reasons; factors 
which might have been expected to result in a higher 
rate of  CRC.

Winther et al[34] followed 1160 patients with UC over 
22 290 person-years (1962-1987) and found 13 cases of  
IBD-CRC, giving an annual crude incidence of  0.06% 
and cumulative risk of  2.1% at 30 years. They found 
no statistically significant increase in the SMR for CRC 
between IBD and non-IBD populations. This study is 
from Denmark where the colectomy rate is one of  the 
highest in the world: a fact that may affect the results 
and underestimate the risk of  IBD-CRC.

The increased risk of  CRC in UC has been long estab-
lished. More recently, data has shown that Crohn’s colitis 

carries a similar magnitude of  risk for the same disease 
extent. A Canadian cohort study matched a population-
based IBD database to a cancer registry in North Amer-
ica between 1984 and 1997. There were 2857 cases of  
Crohn’s disease and 2672 of  UC. There was an increased 
incidence of  CRC for patients with Crohn’s [risk ratio 
(RR) 2.64; 95% CI: 1.69-4.12] or UC (RR 2.75; 95% CI: 
1.91-3.97) as compared to the general population but no 
statistically significant difference between the two IBD 
diagnoses[33]. They found the risk of  rectal cancer to be 
increased in UC (RR 1.90; 95% CI: 1.05-3.43) but not in 
Crohn’s colitis (RR 1.08; 95% CI: 0.43-2.70). A limitation 
of  this study was the lack of  definition of  disease site or 
extent.

Ekbom et al[35] also studied the risk of  CRC in Crohn’s 
disease. In a cohort study of  1655 patients in Sweden, 
patients with terminal ileal Crohn’s had the same risk of  
CRC as the general population but those with colonic 
Crohn’s had a RR of  5.6 (95% CI: 2.1-12.2).

CHANGING INCIDENCE OVER TIME
Eaden et al[5] examined how the incidence of  IBD-CRC 
is changing over time by plotting the cancer risk against 
the mid-point for each study. Although the incidence 
had increased between 1995 and 2001 the change was 
not statistically significant (slope 0.003, P = 0.80).

Rutter et al[20] looked at the changing incidence of  
CRC over time within their 30-year colonoscopic surveil-
lance program. They found a statistically significant de-
crease in CRC incidence (r = -0.40, P = 0.04), specifically 
for cancers proximal to the splenic flexure (r = -0.54, P 
= 0.005) and early cancers since 1975 (Dukes’ A or B; r 
= -0.4, P = 0.04). However, there was not a statistically 
significant change in incidence for distal cancers (r = 0.11, 
P = 0.59) or advanced cancers (Dukes’ C or D; r = -0.05, 
P = 0.79).

Jess et al[32] examined a population-based cohort from 
Minnesota diagnosed between 1940 and 2001. They 
followed 692 patients with IBD for a total of  10 470 
person-years. They analysed the incidence of  CRC and 
the year that IBD was diagnosed. All their patients were 
diagnosed with CRC before 1980. The standardised inci-
dence ratio for CRC diagnosed before 1980 was 1.6 (95% 
CI: 0.6-3.4) in comparison to 0 for those diagnosed after 
1980. However, this difference between calendar periods 
was not statistically significant. They suggested that use 
of  maintenance therapy and surveillance colonoscopy 
may be responsible for the absence of  CRC seen in this 
cohort.

Söderlund et al[30] examined the relative risk of  CRC 
across calendar periods in their population-based study 
of  7607 patients with IBD who were diagnosed between 
1954 and 1989. This cohort was followed up until 2004. 
After adjusting for type and extent of  IBD, gender, age, 
and time since IBD diagnosis, the RRs were 1.7 (95% 
CI: 0.6-4.4) from 1960 to 1969, 1.3 (95% CI: 0.7-2.6) 
from 1970 to 1979, 1.2 (95% CI: 0.7-2.2) from 1980 to 
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1989, 1.1 (95% CI: 0.7-1.8) from 1990 to 1999, and 1.0 
from 2000-2004. Although there was a trend towards de-
creasing incidence of  CRC this did not reach statistical 
significance.

RISK FACTORS
Duration of colitis
A longer duration of  colitis is associated with an in-
creased risk of  IBD-CRC; it is relatively rare before 8 
years of  colitis. However, Lutgens et al[36] conducted a 
retrospective, nationwide database search to identify pa-
tients with IBD-CRC in the Netherlands between 1990 
and 2006. For the 149 patients identified, they calculated 
the time interval between the diagnoses of  IBD and 
cancer. They found that 22%-28% of  patients developed 
cancer before the starting points for surveillance (8-10 
years for extensive colitis and 15-20 years for left-sided 
disease). When the time interval from onset of  symp-
toms to CRC diagnosis was used, 17%-22% would have 
developed cancer prior to surveillance endoscopy.

Identifying when the risk increases is central to guid-
ing timing of  surveillance strategies. Patients may also 
have colitis for a time before the diagnosis is made. This 
means they are exposed to cancer risk for a longer pe-
riod if  diagnosis is delayed.

In the meta-analysis by Eaden et al[5], 41 studies 
reported colitis duration and 19 of  these stratified du-
ration into 10 year intervals. The overall incidence of  
IBD-CRC in any patient with UC was 3 per 1000 pyd. 
The cumulative incidence of  IBD-CRC in patients with 
UC was 2% at 10 years, 8% at 20 years, and 18% after 30 
years of  disease. In the 61 studies that reported duration 
of  colitis at the time of  IBD-CRC diagnosis the mean 
was 16.3 years (95% CI: 15.0-17.6).

Lakatos et al[6] retrospectively examined data relating 
to 723 patients within their 30-year database of  IBD pa-
tients. They found 13 cases of  IBD-CRC in 8564 person-
years. They examined the incidence of  CRC according to 
disease duration and found the cumulative risk to be 0.6% 
at 10 years (95% CI: 0.2-1.0), 5.4% at 20 years (95% CI: 
3.7-7.1), and 7.5% at 30 years (95% CI: 4.8-10.2).

The prospective surveillance data from Rutter et al[20] 

found the median duration of  UC at diagnosis of  CRC 
to be 23.5 years (range 11-48 years). The cumulative inci-
dence of  CRC was 0% at 10 years, 2.5% at 20 years, 7.6% 
at 30 years, 10.8% at 40 years, and 13.5% at 45 years (from 
onset of  colitis). This lower incidence of  IBD-CRC is 
particularly interesting given that the data comes from 
a specialist centre with a low colectomy rate and might 
have been expected to show a higher incidence. Data 
being obtained from a surveillance programme may in it-
self  be responsible for the lower incidence of  CRC, and 
regular colonic examination should prompt treatment 
measures to gain disease control.

Age at diagnosis
There is conflicting evidence as to whether younger age 

at diagnosis of  IBD is an independent risk factor for 
IBD-CRC. This evidence is not easy to evaluate as chil-
dren tend to have more extensive and severe colitis than 
those diagnosed as adults, and younger people have the 
potential for longer colitis duration, which is itself  a risk 
factor.

An important question is whether patients studied 
actually develop colitis at a younger age or whether they 
are diagnosed late after a period of  undiagnosed inflam-
mation. Eaden et al[5] included 21 studies in their meta-
analysis that examined age at onset of  UC (over 20 years 
old). They excluded studies that reported the age at di-
agnosis of  UC due to potential delay in diagnosis. They 
found a negative trend between younger age at onset (in 
adulthood) and increased risk of  CRC but this was not 
statistically significant (z = -1.61, P = 0.11). They also 
analysed 12 studies looking at the incidence of  IBD-
CRC in children with UC (average age at onset of  UC 
was 10 years old), only 5 of  which commented on the 
duration of  follow up. They found the overall incidence 
to be 6 per 1000 pyd and the cumulative risk of  CRC 
to be 5.5% at 10 years, 10.8% at 20 years, and 15.7% at 
30 years; higher than the corresponding rates for adults. 
However, these studies did not report incidence accord-
ing to 10 yearly intervals so they assumed the log inci-
dence rate to be constant. The small number of  studies 
in children necessitates cautious interpretation of  results.

Ekbom et al[29] conducted a population-based cohort 
study of  3117 patients who were diagnosed with UC 
between 1922 and 1983 in Sweden. CRC was identified 
in 91 patients. They found age at diagnosis to be an in-
dependent risk factor for CRC. After adjusting for the 
extent of  disease, they found the relative risk of  CRC 
decreased by about half  (adjusted standardized incidence 
ratio = 0.51; 95% CI: 0.46-0.56) for each increase in age 
group at diagnosis (under 15 years, 15-29 years, 30-39 
years, 40-49 years, 50-59 years, and over 60 years). For 
those with extensive disease, after 35 years of  disease, 
the cumulative risk for IBD-CRC was 40% if  diagnosed 
under 15 years and 25% if  diagnosed between 15 and 39 
years of  age.

Other studies have not confirmed this association. 
Greenstein et al[37] found that the CRC risk was higher 
in patients diagnosed with IBD above 30-40 years of  
age compared with those diagnosed below 20 years old. 
Data from the 30-year study of  Rutter et al[20] showed 
that patients who developed CRC had a higher median 
age of  onset of  disease than those not developing can-
cer. This suggests that early onset is not an independent 
risk factor for IBD-CRC. Winther et al[34] found the time 
between onset of  colitis and the development of  IBD-
CRC to be the same in young and old patients.

Karvellas et al[38] undertook a retrospective audit of  
adult patients with UC who were diagnosed with CRC 
between 1991 and 2002 in Edmonton, Alberta. They 
found that patients diagnosed with UC over the age of  
40 years developed CRC more quickly than younger pa-
tients. The median disease duration at the time of  CRC 
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diagnosis was 22 years in patients under 40 years, and 10 
years for those over 40 years [odds ratio (OR): 11.5; 95% 
CI: 2.41-20.16; P = 0.00029].

Extent of colitis
The greater the disease extent, the greater the risk of  
CRC. Patients with proctitis and proctosigmoiditis are at 
the lowest risk, left-sided colitis carries moderate risk and 
those with pan-colitis are at the highest risk of  CRC[39,40].

How we measure the extent of  disease is important; 
macroscopic versus radiological versus histological. Ek-
bom et al[29] assessed IBD-CRC risk in UC according to 
extent of  disease; proctitis versus left-sided colitis versus 
pancolitis. The extent was determined from barium en-
ema and colonoscopy reports. The relative risk for CRC 
was 1.7 for proctitis, 2.8 for left-sided colitis, and 14.8 
for pancolitis, as compared with the general population.

Söderlund et al[30] examined the risk of  CRC accord-
ing to extent of  colitis in their population-based study. 
They found the relative risks of  CRC to be 2.7 for all pa-
tients with UC (95% CI: 2.3-3.2), 5.6 for pancolitis (95% 
CI: 4.0-4.7), 2.1 for Crohn’s colitis (95% CI: 1.2-3.4) and 
1.7 for proctitis (95% CI: 1.2-2.4).

Severity of inflammation
IBD-CRC is thought to occur in the context of  inflam-
mation and anti-inflammatory treatments are felt to de-
crease the risk of  CRC. Recent studies have focused on 
this association.

Rutter et al[20] conducted a case-control study of  
patients with colorectal neoplasia identified within a 
surveillance program between 1988 and 2002 (n = 68). 
They found a significant correlation between both colo-
noscopic (OR: 2.5; P < 0.001) and histological (OR: 
5.1; P < 0.001) inflammation and the risk of  neoplasia. 
When multivariate analysis was performed, histological 
inflammation remained a significant risk factor (OR: 4.7; 
P < 0.001). In a follow-up study from this work, Rutter 
et al[41] found that mucosal healing may decrease the risk 
of  neoplasia; macroscopically normal mucosa appears to 
return the CRC risk to that of  the general population.

Gupta et al[42] retrospectively studied a cohort of  418 
patients undergoing colonoscopic surveillance for UC. 
They found a significant relationship between histologi-
cal inflammation over time and progression to advanced 
neoplasia (hazard ratio 3.0; 95% CI: 1.4-6.3) which re-
mained an independent risk factor in multivariate analy-
sis. This is in contrast to other studies showing that those 
with quiescent disease have a similar risk of  developing 
CRC as those with active disease[6,43].

Post-inflammatory polyps have been associated with 
an increased risk of  CRC. They do not in themselves 
have malignant potential[44]. It is possible that multiple 
post-inflammatory polyps increase the miss rate of  dys-
plastic lesions or that their presence is evidence of  more 
severe previous inflammation. A retrospective study us-
ing the Mayo Clinic centralised diagnostic index identified 
188 patients with UC-associated CRC and matched them 

to 1528 gender and disease-extent matched controls. The 
presence of  post-inflammatory polyps remained statisti-
cally associated with CRC even after adjusting for surveil-
lance and anti-inflammatory treatments[45]. In the follow-
up case-control study by Rutter et al[41], cases of  CRC 
were significantly more likely to have post-inflammatory 
polyps than the controls (OR: 2.14; 95% CI: 1.24-3.70).

Gender
In their population-based study, Söderlund et al[30] looked 
specifically at the gender-related risk of  IBD-CRC by 
identifying those diagnosed with CRC between 1960 and 
2004. They compared their results with the general pop-
ulation using standardised incidence ratios and data ob-
tained from national health and census registers. There 
were 196 cases of  IBD-CRC giving an overall incidence 
of  110 cases per 100 000 person-years. The relative risk 
in males was 2.6 (95% CI: 2.2-3.1) and in females 1.9 (95% 
CI: 1.5-2.4) compared to the general population. The cu-
mulative incidence at 40 years after the diagnosis of  IBD 
was 8.3% in males and 3.5% in females. 

Ekbom et al[29,35] found a similar relative risk for IBD-
CRC in men and women whether they have UC (5.6 in 
men and 5.9 in women) or Crohn’s disease (2.8 in men 
and 2.1 in women).

Family history of sporadic colorectal cancer
Patients with IBD who have a family history of  sporadic 
CRC are at increased risk. The magnitude of  the risk has 
been found to be a 2-3 fold increase in both case control 
and population-based studies. Askling et al[46] undertook 
a population-based cohort study of  19 876 patients with 
UC or Crohn’s disease born between 1941 and 1995. 
They found that a family history of  CRC was associated 
with a more than 2-fold risk of  IBD-CRC (adjusted RR 
2.5; 95% CI: 1.4-4.4) and those with a 1st-degree relative 
diagnosed with CRC before 50 years of  age had a higher 
risk (RR 9.2; 95% CI: 3.7-23). In a retrospective cohort 
study, Velayos et al[45] also found family history of  CRC 
to be an important risk factor for IBD-CRC in patients 
with UC (OR: 3.7; 95% CI: 1.0-13.2)[47].

Co-existent primary sclerosing cholangitis
Smith et al[43] first identified a link between UC and pri-
mary sclerosing cholangitis (PSC) in 1965. The associa-
tion between Crohn’s disease and PSC was identified by 
Atkinson and Carroll in 1964[48]. It has since been shown 
that the risk of  IBD-CRC is greater in the presence of  
co-existent PSC. The adjusted relative risk for dysplasia 
or cancer is reported as 3.15 (95% CI: 1.37-7.27) for pa-
tients with PSC and UC as compared to those with UC 
alone[49]. Kornfeld et al[50] found the cumulative risk was 
33% at 20 years and 40% at 30 years from the diagnosis 
of  UC. Causative theories include that a high concentra-
tion of  bile acids in the lumen of  the colon may contrib-
ute to the increased risk[51]. Lundqvist et al[52] suggest that 
patients with PSC often have a longer duration of  colitis 
and this in itself  may explain the increased risk of  CRC. 
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However, patients with PSC seem to have more quies-
cent colitis[53]. Sokol et al[53], also found that patients with 
co-existent IBD and PSC receive more 5-aminosalicylic 
acid (5-ASA) treatment than patients with IBD alone. 
Given the importance of  the severity of  inflammation 
in the aetiology of  IBD-CRC this points to the existence 
of  PSC itself  having a carcinogenic effect.

Soetikno et al[54] conducted a meta-analysis of  11 
studies to establish whether the risk of  CRC is increased 
in patients with concomitant UC and PSC. They found 
that patients with UC-PSC are at increased risk of  
colorectal dysplasia and carcinoma compared with pa-
tients with UC alone (OR: 4.79; 95% CI: 3.58-6.41) and 
the risk is still increased if  CRC is considered alone (OR: 
4.09; 95% CI: 2.89-5.76). Broomé et al[55] studied 120 
patients in Stockholm; 40 with UC-PSC and 80 with UC 
alone. They found that those with concomitant UC and 
PSC have a significantly higher risk of  developing CRC.

CLINICAL MANAGEMENT
Chemoprevention
As with all pathology, prevention is better than cure. 
By focussing on the risk factors predisposing people to 
IBD-CRC it is hoped we can reduce the incidence of  
dysplasia and cancer. Any chemoprevention strategy 
must be acceptable to patients and physicians, in terms 
of  safety, efficacy and cost. Ongoing colonic inflamma-
tion has been accepted as one of  the causative factors 
behind IBD-CRC. Studies have focussed on using main-
tenance anti-inflammatory medications to prevent the 
development of  dysplasia and cancer.

5-ASA compounds are used as maintenance therapy 
in colitis. In vitro studies found that they inhibit the 
nuclear factor kappa B pathway which is involved in tu-
mour survival and sustaining chronic inflammation[4,56,57]. 
Due to the widespread use of  5-ASA compounds for 
maintenance therapy, prospective randomised trials are 
lacking with respect to chemoprevention. Velayos et al[58] 

undertook a meta-analysis of  9 studies which included 
a total of  1932 patients with UC. They found a protec-
tive effect of  5-ASA against colorectal cancer (OR: 0.51; 
95% CI: 0.37-0.69) and colorectal cancer/dysplasia as 
a combined end point (OR: 0.51; 95% CI: 0.38-0.69). 
They did not find an association between 5-ASA use and 
a lower risk of  dysplasia (OR: 1.18; 95% CI: 0.41-3.43) 
although they make the point that only 2 of  the studies 
looked at this endpoint.

Terdiman et al[59] have reached a different conclusion 
with their observational study looking at the associa-
tion between 5-ASA and IBD-CRC. They found that 
exposure to 5-ASA compounds during the 12 mo prior 
to the diagnosis of  IBD-CRC was not associated with 
a decreased cancer risk (OR: 0.97; 95% CI: 0.77-1.23). 
They also found a non-statistically significant trend be-
tween a lower risk of  IBD-CRC and an increased num-
ber of  5-ASA prescriptions in the previous year. Their 
conclusion was that 5-ASA compounds to do not have 

a protective effect against IBD-CRC when assessed over 
a short period. The important factor here seems to be 
the time period studied. Any preventative strategy has to 
be seen as a long term management approach. By using 
chemoprevention we are trying to prevent the genetic al-
terations which occur in the context of  inflamed muco-
sa. The relationship between 5-ASA compounds and any 
protective effect must surely be assessed over a longer 
time period in order to discount it. The design of  this 
study is too short and the results should be interpreted 
with caution. 

The link between IBD-CRC and co-existent PSC is 
well established. The presence of  additional bile acids in 
the colonic lumen is felt to contribute to this increased 
risk. Ursodeoxycholic acid (UDCA) decreases the amount 
of  bile acids and studies have suggested treatment with 
UDCA may reduce the risk. Tung et al[60] found a strong 
relationship between UDCA and a decreased risk of  
colonic dysplasia (OR: 0.18; 95% CI: 0.05-0.61). The 
relationship remained after adjusting for gender, age 
at diagnosis of  colitis, duration of  colitis, duration of  
PSC, severity of  liver disease, and sulfasalazine use. Pardi 
et al[61] also found a relative risk of  0.26 for colorectal 
dysplasia or cancer using UDCA when compared to pla-
cebo. These studies are in patients with colitis and PSC. 
The potential for using UDCA for patients with colitis 
only has not been explored. There are concerns about 
the side effects of  using the medication in patients with-
out PSC.

Given the potential benefit with suppression of  
inflammation, interest has been shown in other anti-
inflammatory treatments. The role of  steroids as che-
mopreventive agents has been explored. Evidence sug-
gests a reduction in CRC risk with systemic and topical 
steroids[45,62]. However, the significant complications that 
occur with long-term steroid treatment make this strat-
egy unacceptable. No chemopreventive effect has been 
shown with azathioprine or 6-mercaptopurine[63].

Other suggested therapies include folic acid and 
statins. Patients with IBD are at risk of  folate deficiency. 
Studies have shown a protective trend against CRC but 
the effect is not statistically significant[64,65]. Potack et al[66] 
suggest that given that folate is safe and inexpensive, 
supplementation should be considered for risk reduc-
tion. A study in Israel suggested statin therapy is associ-
ated with a risk reduction in sporadic CRC and a 94% 
risk reduction in patients with IBD[67]. This potential 
benefit needs further investigation.

Surveillance
As described above, the quoted risk of  developing can-
cer in colitis varies greatly from study to study. More re-
cent population-based studies suggest a much lower risk 
than the earlier cohort studies. Methodological differenc-
es, the more recent widespread use of  anti-inflammatory 
treatments and the advent of  surveillance colonoscopy 
programmes may account for these differences. There 
is insufficient evidence to support the discontinuation 
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of  surveillance programmes and IBD is still believed to 
expose patients to an increased risk of  CRC.

The aim of  any screening or surveillance programme 
must be to identify early lesions to enable treatment and 
prevention before the development of  invasive cancer. 
Prophylactic proctocolectomy eliminates the risk of  
CRC but this strategy is not acceptable to most patients 
or physicians. A surveillance programme must be accept-
able to patients and practically possible to implement. 
The success of  such programmes relies on patients en-
gaging with follow up; they must understand the risks of  
not being tested and also that no surveillance strategy is 
without a miss rate.

Equally, physicians must implement the guidelines 
effectively. Many current guidelines advocate random 
quadrantic biopsies every 10 cm throughout the entire 
colon. This approach only visualises less than 1% of  co-
lonic mucosa. Rubin et al[68] found the probability of  de-
tecting dysplasia was 90% if  33 and 95% if  56 biopsies 
were taken. Studies have shown that clinicians do not 
take sufficient biopsies[69,70].

The distinct differences between sporadic CRC and 
IBD-CRC are important for surveillance strategies. 
Bowel cancer screening in the general population relies 
on identification of  adenomatous lesions which can be 
resected before they transform into carcinoma. IBD-
CRC poses different challenges: dysplastic lesions do not 
follow the adenoma-carcinoma sequence, they can be 
difficult to see (flat lesions), difficult to resect complete-
ly, and multifocal. A meta-analysis of  1225 patients with 
UC found the likelihood of  finding concurrent cancer 
at the time of  colectomy for high or low grade dysplasia 
was 42% and 19%, respectively[28].

Due to the increased risk, patients diagnosed with 
PSC who are not previously known to have IBD should 
have a screening colonoscopy. For patients diagnosed 
with UC already, yearly surveillance colonoscopy should 
be performed from the point of  diagnosis with PSC.

There has been increased focus on targeted biopsies 
and methods to improve identification of  dysplastic le-

sions. Chromoendoscopy involves spraying dye (indigo 
carmine or methylene blue) on to the colonic mucosa to 
enable more detailed examination. Rutter et al[71] com-
pared consecutive, random and indigo carmine targeted 
biopsies. Chromoendoscopy found 7 dysplastic lesions 
in 157 targeted biopsies, compared to no dysplasia in 
2904 non-targeted biopsies. Hurlstone et al[72] conducted 
a prospective case-controlled study of  700 patients and 
also found a higher yield of  dysplasia using indigo car-
mine chromoendoscopy as compared to conventional 
colonoscopy with random biopsies. They found 69 
dysplastic lesions using chromoendoscopy and only 24 
lesions with random biopsies (P < 0.001). These results 
are supported by Kiesslich et al[73], who found a statisti-
cally significantly higher rate of  neoplasia detection with 
methylene blue chromoendoscopy.

Narrow band imaging (NBI) is available on most 
colonoscopes. It uses optical filter technology to im-
prove the visibility of  vessels, pit pattern and other soft 
tissue structures. Dekker et al[74] performed a prospec-
tive, randomised trial to compare NBI and conventional 
colonoscopy. They did not find a statistically significant 
difference between the two methods; a similar number 
of  dysplastic lesions were identified and missed using 
both methods.

Confocal laser endomicroscopy visualises the histol-
ogy of  the mucosa in real time. This is useful for charac-
terising lesions rather than finding the lesion in the first 
place. Kiesslich et al[75] compared confocal chromoscopic 
endomicroscopy with conventional colonoscopy with 
random biopsies in a randomised controlled trial. They 
found the yield of  neoplasia was increased 4.75 times 
using the new approach (P = 0.005) using 50% less 
biopsies. Hurlstone et al[76] compared confocal chromo-
scopic endomicroscopy to chromoendoscopy alone in 
a prospective, randomised controlled trial. They found 
that endomicroscopy increased the diagnostic yield of  
neoplasia 2.5 times. 

However, it is already well known that there is sig-
nificant inter-observer variability between even expert 
gastrointestinal pathologists when interpreting dyspla-
sia. The use of  confocal endomicroscopy requires the 
endoscopist to have the ability to interpret histological 
findings. For this modality to be widely used endosco-
pists would require extensive training to enable accuracy.

The best technique for surveillance is evolving. There 
is a move away from using random colonic biopsies to-
wards targeted biopsies aimed at abnormal areas identi-
fied by newer colonoscopic techniques (chromoendosco-
py, confocal microendoscopy). There has been concern 
regarding the specialist training needed for endoscopists 
to use chromoendoscopy effectively. Nevertheless, the 
2010 guidelines from the British Society of  Gastroenter-
ology (BSG) recommend the use of  chromoendoscopy 
with targeted biopsies for colitis surveillance[77].

Current guidance from the BSG advises all patients 
with IBD should have a screening colonoscopy approxi-
mately 10 years from symptom onset (ideally when in 
remission) with pancolonic dye spraying and targeted 
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Lower risk

Extensive colitis 
with no active 

endoscopic/histological 
inflammation OR 
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50% colon
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Intermediate risk
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endoscopic/histological 
inflammation OR post-
inflammatory polyps 

OR family history CRC 
in FDR aged > 50

3 yr

Higher risk

Extensive colitis with 
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active endoscopic/
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inflammation OR 
stricture in past 5 yr 
OR dysplasia in past 
5 yr declining surgery 
OR PSC/transplant for 
PSC OR family history 
CRC in FDR aged < 50

1 yr

Figure 1  Surveillance recommendations for patients with colitis. OR: 
Odds ratio; CRC: Colorectal cancer; PSC: Primary sclerosing cholangitis; FDR: 
First degree relative.
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biopsies of  abnormal areas. The risk of  IBD-CRC is 
estimated based on duration and extent of  disease, co-
existent risk factors (PSC, family history of  sporadic 
CRC), and the endoscopic and histological findings at 
colonoscopy. The surveillance intervals are based on this 
assessment of  risk (Figure 1)[77].

In conclusion, confirmed risk factors for IBD-CRC 
are duration, severity and extent of  colitis, the presence 
of  co-existent PSC and a family history of  CRC. There is 
insufficient evidence currently to support an increased fre-
quency of  surveillance for patients diagnosed with IBD at 
a younger age. Evidence-based guidelines advise surveil-
lance colonoscopy for patients with colitis 8 to 10 years 
after diagnosis, with the interval for further surveillance 
guided by risk factors (extent of  disease, family history of  
CRC, post-inflammatory polyps, concomitant PSC, per-
sonal history of  colonic dysplasia, colonic strictures)[78-80].
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