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Ulcerative colitis is a worldwide, chronic, idiopathic,
inflammatory disease of the rectal and colonic mucosa.
The past decade has seen advances in our knowledge of
the role of environmental factors, in particular enteric
microflora, as well as genetic and immune factors in the
pathogenesis of ulcerative colitis. Although progress has
been made in the overall management of the disease, no
innovative treatment has been developed. The best
treatment strategies have become increasingly evidence-
based and better staged into inductive and maintenance
care.1 Successful therapy depends on the appropriate use
of drugs in relation to severity and localisation of disease,
with aminosalicylates the mainstay for mild-to-moderate
disease. Although the potent immunomodulators
azathioprine and 6-mercaptopurine have gained
increasing acceptance for steroid-dependent disease,
concerns about toxicity have restricted the usefulness of
high-dose ciclosporin for patients with severe active
ulcerative colitis. Unfortunately, there remains a paucity
of clinical data on infliximab and other biological agents
for such patients. Probiotics seem the most promising of
several experimental and traditional agents that have been
investigated in controlled clinical trials. Although
colorectal cancer is a well recognised complication,
colonoscopic surveillance practices are inconsistent and
the best strategies undefined. Important advances include
a more uniform approach among pathologists for
classification of colorectal epithelial neoplasia, data
supporting endoscopic treatment of adenoma-like
dysplastic lesions in chronic colitis, and increasing
evidence of the protective effect of aminosalicylates for
colorectal cancer. We have reviewed recent advances in
understanding the pathogenesis of ulcerative colitis,
current and emerging therapies, and evolving strategies
for reducing colorectal cancer.

Advances in pathogenesis
Environmental factors
Many data from patients and work in animals of intestinal
inflammation suggest that ulcerative colitis results from
environmental factors triggering a breakdown in the
regulatory constraints on mucosal immune responses to
enteric bacteria in genetically susceptible individuals.2,3 The
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low rates of concordance in monozygotic twin pairs with
ulcerative colitis (6–14%) compared with twins with
Crohn’s disease (44–50%) are the strongest evidence that
environmental factors are more important than genetic
factors in the pathogenesis of ulcerative colitis4,5 (panel 1).
Of all environmental factors, the protective effect of
cigarette smoking in ulcerative colitis (and detrimental
effect in Crohn’s disease) remains the most puzzling, but
also the most consistent.6 In one study, the relative risks of
developing ulcerative colitis in heavy ex-smokers, all ex-
smokers, non-smokers, and smokers were 4·4, 2·5, 1·0,
and 0·6, respectively.7 Nicotine is probably the main active
ingredient in this association, but the mechanisms remain
unknown. Cigarette smoking has been shown to affect
cellular8 and humoral immunity,9 and increase colonic
mucus production;10 both smoking and nicotine11 have
been shown to reduce colonic motility. Although smoking
seems to have no effect on intestinal permeability, colonic
mucosal concentrations of the proinflammatory cytokines
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Panel 1: Evidence linking environmental factors
with pathogenesis of ulcerative colitis

Evidence Reference
Low concordance rates (6–14%) for monozygotic 4, 5
twins compared with Crohn’s disease
Cigarette smoking has a protective effect in 6, 7
ulcerative colitis 
NSAIDs can cause exacerbations of ulcerative 14
colitis and can induce de novo colitis 
Lack of breastfeeding associated with increased 17
risk of ulcerative colitis
Psychological stress cited by 40% of patients 18
as potential causes of ulcerative colitis
Stress can reduce colonic mucin and increase 20
intestinal permeability in animals
Cotton-top tamarins develop spontaneous colitis 22 
only when kept in long-term captivity 
Excessive childhood infections reported to be 24
associated with higher risk of ulcerative colitis
Appendicectomy early in life protects against 25–27 
development of ulcerative colitis
Suppression of TCR���� murine colitis after 28
excision of caecal patch at age 1 month
Lower familial rates and concordance rates for 51, 53
disease type than Crohn’s disease
Monozygotic twins have phenotypically discordant 155
diseases

NSAIDs=Non-steroidal anti-inflammatory drugs; TCR����=T-cell receptor-
alpha knockout.
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interleukin-1� and interleukin-8 are significantly lower in
smokers than non-smokers with ulcerative colitis.12 Results
from in-vivo studies have shown that nicotine also has an
inhibitory effect on T-helper-2 cell (Th-2) function, which
predominates in ulcerative colitis, but has no effect on 
Th-1 cells.13

Anecdotal, rechallenge, and epidemiological data
indicate that non-steroid anti-inflammatory drugs can
trigger exacerbations of ulcerative colitis and even
occasionally induce de novo disease.14 Putative
mechanisms include decreased production of protective
mucosal prostanoid and increased leucocyte adherence
and migration. Although these effects were initially
ascribed to inhibition of cyclo-oxygenase-1 (COX-1),
selective COX-2 inhibitors seem as potent as
indomethacin in this respect.15 Results from a population-
based American case-control study showed that use of
oral contraceptives during the 6 months before onset of
ulcerative colitis carried a two-fold increased risk
compared with no use,16 but long-lasting use was not
associated with increased risk, and a larger Italian case-
control study has reported that oral contraceptives are not
a significant risk factor.17

Psychological stress is cited as a potential trigger by up
to 40% of patients with ulcerative colitis.18 Substantial
evidence links psychological stress with increased illness
and possibly increased susceptibility to infection through
stress-related impairment of functional immune
responses.19 Stress has been shown to trigger relapses of
colitis in animals, possibly by reducing colonic mucin and
increasing intestinal permeability.20 Duration of stress
might also be important since long-term but not short-
term stress seems to increase the risk of exacerbations of
disease.21 This finding has parallels with cotton-top
tamarins, primates that develop spontaneous colitis only
in long-term captivity.22 A division between stress-
susceptible and stress-neutral patients with ulcerative
colitis, defined by the absence of perinuclear
antineutrophil cytoplasmic antibody (pANCA) in patients
susceptible to stress, has also been reported.23

Although many childhood infections and not being
breastfed are associated with an increased risk of
disease,17,24 appendicectomy at a young age has the
strongest preventive effect on development of ulcerative
colitis.25 This finding has been corroborated by case-
control studies,26 and a huge population-based study
recently confirmed the inverse relation between
appendicectomy and ulcerative colitis in patients who had
had surgery before age 20 years.27 The suppression of
colitis in T-cell receptor-� knockout mice following
excision of the caecal patch at age 1 month28 suggests an
immunological role for the appendix, or alternatively, that
an infectious agent or a related antigen in the appendix
might be associated with the pathogenesis of ulcerative
colitis. In the population-based study,27 the risk of
ulcerative colitis was reduced only in patients who
underwent appendicectomy for appendicitis or mesenteric
lymphadenitis, but not in those who underwent incidental
appendectomy or appendicectomy for non-specific
abdominal pain. This finding suggests that an

inflammatory condition at a young age that results in
appendicectomy, rather than appendicectomy itself,
protects against later development of ulcerative colitis,
and, that contrary to reports,29 appendicectomy has a
limited prophylactic or therapeutic role. Another possible
explanation for the inverse association is that genetic
predisposition to ulcerative colitis might protect against
development of appendicitis.

Microbial factors
The most compelling evidence for the association of
colonic microflora with the pathogenesis of ulcerative
colitis comes from genetically engineered animals that
develop colitis when exposed to non-pathogenic colonic
bacterial microflora (in an environment free of specific
pathogens), but not when they are in a sterile germ-free
environment. Furthermore, experimental colitis is
attenuated when animals are treated with broad spectrum
antibiotics.3 Evidence for the role of microbial factors in
ulcerative colitis pathogenesis is outlined in panel 2. 

Although a protective immune response against invasive
enteric pathogens is mandatory, the mucosal immune
system faces the delicate task of coexistence with many
commensal intestinal bacterial flora (1012 bacteria/g faeces
in the colon, and consisting of 400 different species, with
anaerobes predominating). Furthermore, some
commensal organisms can become pathogenic in
appropriate circumstances, and the magnitude of this
balancing act is illustrated by the similarity between
proteins of the harmless commensal Escherichia coli and its
pathogenic derivatives. Burke and Axon’s30 finding of
distinct adherent strains of E coli in the colonic mucosa of
patients with ulcerative colitis has not been confirmed by
others.31 Although there are specific abnormalities in the
function of mucosal barriers in patients with ulcerative
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Panel 2: Evidence linking microbial factors with
pathogenesis of ulcerative colitis 

Evidence                                                              Reference

The colon has the highest bacterial concentrations 3
in the gastrointestinal tract 
Typical retrograde gradient of ulcerative colitis 3
mirrors the bacterial concentration gradient
Animals develop colitis if exposed to bacterial 3
microflora, but not if germ-free
Colonic mucus and mucosal barrier abnormalities 32, 33
present in patients with ulcerative colitis 
Loss of tolerance towards otherwise harmless 37
components of the normal intestinal flora
Pouchitis develops only after ileal pouch anal- 41
anastomosis surgery for ulcerative colitis
Tropomyosin (a putative 40-kd autoantigen) 46
crossreacts with bacterial proteins
pANCA crossreacts with Bacteroides caccae and 49
E coli commensal bacterial proteins
Peripheral and mucosal CD4+ clonal T cell 65
responses to indigenous flora in ulcerative colitis 
Benefit of metronidazole therapy in treatment of 107
pouchitis
Adjuvant role of antibiotics as inductive and 108,109
maintenance therapy in ulcerative colitis
Probiotics have beneficial effects as maintenance 111–14
therapy in ulcerative colitis and pouchitis
Seasonal variations in onset of ulcerative colitis 156
suggest infections are important triggers

pANCA=perinuclear antineutrophil cytoplasmic antibody.

Search strategy and selection criteria

Data for this seminar were obtained through Medline searches
for all major review articles from the past 5 years on ulcerative
colitis, pathogenesis, management, and colorectal cancer
surveillance. For emerging treatments, randomised controlled
trials were used irrespective of positive or negative findings.
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colitis,32,33 and development of colitis in mice that are
deficient in intestinal trefoil factor shows the importance
of locally produced protective growth factors in
maintaining mucosal homeostasis,34 whether disruption of
the intestinal barrier precedes intestinal inflammation in
individuals predisposed to ulcerative colitis is still unclear.

The long-standing assumption that ulcerative colitis is
an autoimmune disease35 has been revised to incorporate
evidence suggesting that commensal microflora and their
products are autoantigens,36 and that ulcerative colitis is
caused by loss of tolerance towards otherwise harmless
components of the normal intestinal flora.37 The high
prevalence (about 70%) of pANCA in ulcerative colitis38

and even higher prevalence in patients with primary
sclerosing cholangitis,39 refractory left-sided ulcerative
colitis,40 and those who develop chronic pouchitis after
ileal-pouch anastomosis41 are the most reproducible data
supporting non-epithelial autoimmunity. However,
evidence that pANCA is a marker of genetic susceptibility
to ulcerative colitis has been less convincing.42 Similarly,
evidence for epithelial autoimmunity mediated by a 40 kd
antigen (tropomyosin) isolated from serum and colonic
mucosa of patients with ulcerative colitis,43 which
crossreacts with skin, bile duct, joint, and eye epithelia,44

has yet to be independently confirmed.45 These
autoimmune proteins clearly occur more frequently in
ulcerative colitis than Crohn’s disease, but they have not
been shown to cause tissue damage. Rather, they seem to
be markers of underlying immune dysregulation or show
crossreactivity with environmental factors, including
commensal colonic bacteria. For example, molecular
mimicry between the tropomyosin molecule and bacterial
proteins might explain the reactivity to the putative 40 kd
autoantigen.46 The development of human monoclonal
antibodies to pANCA antigen has helped identify
crossreactive antigens, including a colonic mucosal mast-
cell cytoplasmic antigen,47 ocular antigens in ciliary-body
and retinal-ganglion cells,48 and, most significantly,
commensal bacterial proteins from Bacteroides caccae and
E coli49 implicating colonic bacterial proteins as targets of
the genetically-determined host immune response in
ulcerative colitis that generates pANCA. Such targeting of
colonic bacterial proteins supports the finding that
pANCA is a marker for a subset of patients with Crohn’s
disease whose disease is confined to the colon.50

Genetic factors
Although ulcerative colitis has a high incidence in certain
families51 and is commoner in Jews than in non-Jews,52

familial rates, concordance rates for monozygotic twins,4,5

and concordance rates in offspring for disease type are all
higher for Crohn’s disease.53 However, a stronger
association exists between genes of the human leucocyte
antigen region—involved in regulating the immune
response—and ulcerative colitis than for Crohn’s
disease.54 Despite confounding effects of ethnic origin
and disease heterogeneity, this association is strongest in
patients with extensive ulcerative colitis; a positive
association with DR2 (in particular, the DRB1*1502
subtype) and the rare alleles DRB1*0103 and DRB1*12,
and a negative association with DR4 and DRw6 have
been reported.2,54 However, genes associated with
susceptibility to ulcerative colitis probably lie outside the
human leucocyte antigen region, and genome-wide
scanning studies have shown linkage between ulcerative
colitis and regions of chromosomes 3, 7, and 12.55

Although ulcerative colitis and Crohn’s disease share
some susceptibility genes, separate genes seem to
determine disease severity,54,56 extent,57 steroid

response,40,58 steroid requirements,56 and extraintestinal
manifestations.59 Although polymorphisms in interleukin-
1 receptor antagonist and tumour necrosis factor �-genes
and �-genes do not seem to be strong risk factors for
overall disease susceptibility in ulcerative colitis,
interleukin-1 receptor antagonist polymorphisms might
affect the severity and extent of disease, particularly in
patients positive for pANCA.60 Molecular genotyping has
provided preliminary evidence that an inherited
polymorphism of MUC3, a gene that encodes intestinal
mucins, might also be associated with the pathogenesis of
ulcerative colitis61 (panel 3).

Immune factors
Populations of mucosal B cells and plasma cells increase
in ulcerative colitis, which initially suggested that the
disease was antibody mediated and complement
dependent.62 However, the main abnormality driving the
inflammation is now known to be an exaggerated T-cell
response causing mucosal hyper-responsiveness to
commensal bacteria.63 The B-cell response and increased
production of IgG1 and autoantibodies are a secondary,
protective response aimed at clearing apoptotic cells.64

Crossreactivity of peripheral-blood and colonic-
lamina-propria CD4+ T cells with indigenous flora
(bacteroides, bifidobacteria, and various enterobacteria)
in patients with ulcerative colitis and Crohn’s disease
suggests that abnormal T-cell-specific immune responses
to host flora are important in disease pathogenesis.65

Compared with circulating T cells, T cells in the lamina
propria are more susceptible to Fas-mediated
apoptosis66—a physiological process of cell death that, if
altered, could contribute to inflammation. Furthermore,
the Fas ligand (FasL) is strongly expressed by T cells in
active ulcerative colitis but not in Crohn’s disease lesions,
suggesting that Fas-FasL induced apoptosis plays a part in
mucosal damage of ulcerative colitis.67
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Panel 3: Evidence linking genetic factors with
pathogenesis of ulcerative colitis 

Evidence Reference
Ten-fold increased risk of UC among first-degree 51
relatives of patients with UC
Lifetime risk for ulcerative colitis higher in 52
Jewish than non-Jewish families
Major histocompatibility complex class II allelic 54
associations more robust for UC than for CD
HLA DRB1*1502, DRB1*0103, and DRB1*12 54
important determinants of susceptibility to UC 
HLA II DRB1*0103 and DRB1*0301 might predict 54, 57
disease extent and severity, respectively
Linkage with non-HLA disease susceptibility regions 55
on chromosomes 3, 7, and 12
Japanese UC patients requiring steroids have  56
increased frequency of HLA-DRB*1502 haplotype
Steroid-refractory UC patients have raised multidrug 58
resistance (MDR-1) gene expression
HLA class II genotype might affect the presence 59
of peripheral arthropathy in patients with UC 
IL-1RA polymorphisms might determine disease  60
severity and extent in patients with pANCA-positive 
UC
Intestinal mucin gene MUC3 polymorphisms might 61
determine genetic predisposition to UC

UC=ulcerative colitis; CD=Crohn’s disease; HLA=human leucocyte
antigen; IL-1RA=interleukin-1 receptor antagonist; pANCA=perinuclear
antineutrophil cytoplasmic antibody.
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Although cytokine patterns are less clear in ulcerative
colitis than Crohn’s disease, in established colitis there
seems to be a modified Th-2 response associated with
upregulation of cytokines such as interleukin-5 and
interleukin-10, but not interleukin-4.68 By contrast,
mucosal cytokine and double-knock-out mouse studies
have underscored the pivotal part played by interleukin-4
in the development of active colitis.69,70 Results from
knock-out mice have also shown that the
immunoregulatory cytokines, interleukin-10 and tumour
growth factor �, produced by the regulatory CD4+ T cell
subsets T-regulatory-1 (Tr-1) and Th-3, respectively,
have pivotal roles in mediating tolerance towards luminal
antigens.71,72 Furthermore, oral intake of antigen can
induce tolerance and resolution of colitis by stimulating
Th-3 regulatory cells specific for these antigens and
thereby resetting the regulator-effector T-cell balance,73

which has important implications for treatment and might
account for the benefits of probiotics in clinical trials.

Advances in treatment
Although progress has been made in the overall
management of ulcerative colitis, no innovative therapy
has radically modified the principles of its treatment. The
best treatment strategies have become increasingly
evidence-based and better staged into inductive and
maintenance therapy. The treatment of ulcerative colitis
has been extensively reviewed,1,74,75 so we will confine
ourselves to describing advances in existing treatments
and emerging agents. 

Existing treatments
Aminosalicylates remain the mainstay for inducing
remission of mild-to-moderate active ulcerative colitis,
and for maintaining remission.76,77 Increasing evidence
from controlled trials and meta-analyses underscores the
reproducible nature of the dose-response curve of such
treatment. Topical mesalazine has been shown to be
better than oral mesalazine and topical corticosteroids for
patients with active distal colitis,76 whereas combination
oral and topical 5-aminosalicylates have been shown to be
more effective than either drug alone for induction78 and
maintenance79 treatment of mild-to-moderate distal
disease. Consequently, all patients should receive the
maximum tolerated dosage of aminosalicylates, including
combination therapy if distal disease is present, for at least
4–6 weeks before topical or oral corticosteroids are
considered.

The effects of budesonide, a potent corticosteroid with
low systemic activity because of high first-pass metabolism
in the liver, have been studied in ulcerative colitis.
Controlled trials have shown that budesonide enemas are
effective for inducing remission in distal ulcerative
colitis,80 and that oral controlled-release budesonide is as
effective as prednisolone for patients with active distal and
extensive colitis while producing less endogenous
suppression of cortisol.81 Although an early controlled trial
showed budesonide enemas to be significantly better than
prednisolone retention enemas in active distal colitis,82

subsequent multicentre trials have shown budesonide and
prednisolone enemas,83 and budesonide and mesalazine
enemas,84 to have similar efficacy. 

Many patients with ulcerative colitis, irrespective of 
the extent of their disease, will not respond to
aminosalicylates or corticosteroids. Results from a
population-based study showed that 16% of patients were
resistant to steroids, and 1 year after initiation of
corticosteroids, only 48% of patients with ulcerative colitis
were free from steroids without surgery, 22% were

dependent on steroids, and 29% required surgery.85 The
long-term benefit of azathioprine and 6-mercaptopurine
in maintaining remission and avoiding steroid
treatments75,86,87 far outweighs potential risks.88

Pharmacogenetic studies suggest that azathioprine and 
6-mercaptopurine doses can be tailored by individual
genotype.89 However, prospective data are needed to
define the best doses of these drugs, the therapeutic range
of active metabolite 6-thioguanine, and the cost of
screening patients for thiopurine methyltransferase
(TPMT) activity. By contrast with Crohn’s disease,
controlled trials have shown that methotrexate is not an
effective inductive or maintenance treatment in patients
with ulcerative colitis that cannot be treated with
steroids.90 Mycophenolate mofetil, a potent inhibitor of
inosine monophosphate dehydrogenase and purine
biosynthesis in lymphocytes,91 was compared with
azathioprine in a small unmasked German study.92

Replacing steroids with azathioprine seemed to be safer
and more effective than mycophenolate in patients with
steroid-dependent ulcerative colitis.92

Controlled trial data have shown that high-dose
intravenous ciclosporin (4 mg/kg) induces remission in
60–80% of patients with severe active ulcerative colitis.93–95

Although most side-effects are minor and managed with
mild adjustments in dose, the incidence of severe and
sometimes fatal opportunistic infections,96–98 most notably
Pneumocystis carinii pneumonia, is high enough to cause
concern and restrict the usefulness of such treatment.
Ciclosporin should be used only by experienced tertiary
referral centres in which concentrations in blood can be
routinely monitored. In view of the fact that doses of
ciclosporin and steroids used in ulcerative colitis are
similar to those used in organ transplantation, prophylaxis
of P carinii with co-trimoxazole should always be
considered when high-dose ciclosporin is combined with
other immunomodulators, including steroids.98 Results
from trials have shown that a lower dose of intravenous
ciclosporin (2 mg/kg)99 or ciclosporin monotherapy100

might be as effective for severe ulcerative colitis without
having significant toxicity. Long-term follow-up studies of
patients with severe ulcerative colitis treated with
ciclosporin have shown that 53–62% avoid colectomy at
3–5 year follow-up.101,102 Addition of azathioprine or 
6-mercaptopurine to treatment regimens is recommended
for all patients who respond to ciclosporin, since these
drugs help avoid further colectomy in the transition to
long-term therapy,102 and might give a better quality of life
than colectomy.103 Oral ciclosporin has been
disappointing, but results from unmasked studies suggest
that microemulsion ciclosporin (Neoral), which has better
oral absorption, could be a more costeffective
maintenance therapy for some patients.104,105 Early reports
of the benefits of ciclosporin enemas in active distal
ulcerative colitis have not been confirmed in a placebo-
controlled trial.106

Emerging treatments
Although proctocolectomy has become a standard
approach for steroid-refractory disease, the risk of chronic
pouchitis has stimulated interest in attempts to salvage
colons, in particular in patients with refractory
proctosigmoiditis or left-sided disease. Probiotics seem
the most promising of several experimental and traditional
agents investigated in controlled clinical trials (panel 4). 

Surprisingly, despite the overwhelming evidence
implicating microbial factors in ulcerative colitis, apart
from pouchitis107 there is a lack of convincing evidence of
the efficacy of antibiotics. Ciprofloxacin was reported to
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be useful in inducing and maintaining remission in
patients with moderate-to-severe ulcerative colitis
refractory to conventional treatment.108 However, there
was an excess of smokers in the ciprofloxacin group and
the definition of refractory disease was not based on
response to treatment but on assessment by the referring
physician, which resulted in inclusion of patients with
suboptimum pre-entry therapy. A small Italian placebo-
controlled trial109 showed that adjunctive treatment with
rifaximin, a non-absorbable rifamycin antibiotic, was not
significantly more effective than placebo in reducing
disease activity and avoiding steroids in patients with
moderate-to-severe steroid-refractory ulcerative colitis.
With increasing evidence for a permissive role of intestinal
flora in the pathogenesis of ulcerative colitis, interest is
growing in the potentially beneficial effects of
manipulating the normal intestinal flora with probiotics.110

Probiotics are live micro-organisms that have a beneficial
effect on health by altering the microbial environment.
Possible mechanisms of action include production of
antimicrobial factors, competitive interactions with
pathogens, restoration of microbial homeostasis in the
gut, and triggering anti-inflammatory pathways in the gut
epithelium and mucosal immune system.73,110 Two
randomised controlled trials have shown that an enteric-
coated capsule containing non-pathogenic E coli (Nissle,
1917) is as effective as mesalazine for maintaining
remission in ulcerative colitis.111,112 Venturi and
colleagues113 reported that a 1-year, twice-daily probiotic
regimen containing 5�1011 cells/g of bifidobacteria,
lactobacilli, and Streptococcus thermophilus was well
tolerated and helped maintain remission in 15 of 20
patients with ulcerative colitis. Venturi and colleagues114

have also reported significant efficacy of this regimen for
maintenance of remission of chronic pouchitis. These
results are encouraging, especially when viewed in the
context of other advances in probiotic therapy,115 and
support a role for probiotics as maintenance treatment for
patients with mild-to-moderate colitis. The efficacies of
probiotics in active or steroid-dependent ulcerative colitis
are unknown. 

In early placebo-controlled trials, eicosapentaenoic
acid, the active ingredient of fish oil capsules and a potent
inhibitor of leukotriene synthesis and immune reactivity,
was shown to be an effective adjunctive treatment in mild-
to-moderate active colitis.116,117 However, fish oil has no
role as maintenance therapy,118 and compliance is limited
by the large number of capsules to be taken daily and the
development of a fishy odour in the breath. Sulfasalazine
has been shown to be better than fish oil omega-3 fatty
acid in patients with mild-to-moderate active colitis.119

Transdermal nicotine patches can control active mild-
to-moderate ulcerative colitis.120,121 However, efficacy
seems to be less than that of moderate doses of
corticosteroids,122 and no benefit was seen in maintaining
remission.123 Some preliminary studies have assessed the
efficacy of alternative formulations of nicotine, including
oral pH-release capsules and enemas,124 which, by
allowing first-pass hepatic metabolism, might avert the
systemic side-effects of nicotine skin patches, especially in
non-smokers, and allow use of higher doses.

Evidence that the distal colonocyte is especially
dependent on bacterially-derived luminal short chain fatty
acids (SCFA), in particular butyrate, suggests that
ulcerative colitis could result from colonocyte starvation
caused by defective metabolism of these acids. The
efficacy of butyrate enemas in diversion colitis has led to
controlled trials in distal ulcerative colitis. Although a
controlled trial of once-nightly 60 mL butyrate enema
showed no efficacy in active disease,125 another trial
showed that long-term treatment was associated with
significant improvement in clinical and endoscopic
examinations.126 Unfortunately, butyrate enema treatment
is limited by its unpleasant smell, and oral formulations of
SCFA in pH-sensitive capsules are being assessed.
Plantago ovata seeds (used to provide dietary fibre),
fermented by colonic bacteria to yield significant levels of
faecal butyrate, are well tolerated and are as effective as
mesalazine in maintaining remission in ulcerative colitis.127

The past decade has seen increasing evidence for a
therapeutic role for unfractionated heparin. Putative
mechanisms of action include anticoagulant effects; anti-
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Panel 4: Results of controlled trials assessing emerging therapies in ulcerative colitis

Agent Comments Reference

Antibiotic (ciprofloxacin) Effective adjuvant therapy in inducing and maintaining remission in 108
moderate-to-severe UC 

Antibiotic (rifaximin) More effective than placebo in moderate-to-severe UC refractory to steroids but 109
difference not significant

Probiotics (Nissle 1917) Non-pathogenic E coli as effective as mesalazine for maintaining remission in UC 111, 112
Probiotics Maintained remission in 85% of chronic pouchitis patients compared with 0% of placebo 114
Fish oil (eicosapentaenoic acid) Effective adjunctive therapy in mild-to-moderate active UC but no role as maintenance 116–118

therapy
Fish oil (omega-3 fatty acid) Sulfasalazine better than omega-3 fatty acid in mild-to-moderate active UC 119
Transdermal nicotine patches Effective in active mild-to-moderate UC, but no benefit in maintaining remission 120, 121, 123

Efficacy less than that of moderate corticosteroid doses 122
Short-chain fatty acids Once-nightly 60 mL butyrate enemas ineffective in active distal UC 125

Significant clinical and endoscopic improvement in active distal UC in compliant 126
patients

Heparin monotherapy No effect compared with methylprednisolone in moderate-to-severe UC, significant 131
bleeding complications

Heparin and aminosalicylate As effective as intravenous corticosteroids in severe UC, no serious complications 132
Leukotriene inhibitors Not effective as either inductive or maintenance therapy in UC 157, 158
Platelet activating factor Well tolerated, but not effective in active UC 159
antagonist (SR27417A)
Recombinant interleukin-10 Safe, well tolerated but not effective in mild-to-moderate UC 160

UC=ulcerative colitis.
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inflammatory action by inhibiting neutrophil recruitment
and reducing production of proinflammatory cytokines
and reactive oxygen metabolites; and facilitating healing
of intestinal ulcerations through binding fibroblast growth
factor.128,129 In an uncontrolled study, 75% of patients
admitted with severe steroid-resistant ulcerative colitis
went into remission within 1 week of addition of
intravenous heparin with no increase in rectal blood
loss.130 A multicentre randomised trial in patients with
moderate-to-severe ulcerative colitis reported that heparin
monotherapy (at a dose to extend the partial
thromboplastin time to 1·5–2 times that of controls) was
not effective compared with methylprednisolone and was
associated with significant bleeding.131 However, another
randomised controlled trial, in which all patients received
concomitant aminosalicylates, showed that heparin was as
effective as intravenous corticosteroids in severe ulcerative
colitis and was well tolerated.132 The role of heparin
remains uncertain. Although heparin could have a role as
an adjunctive therapy for short-term management of
patients with refractory disease or as a bridge to other
immunosuppressive treatment, long-term follow-up data
are needed to clarify the outcome and management of
patients who respond to heparin.

Tacrolimus (FK506), a macrolide lactone that potently
inhibits T-cell responses by binding immunophilin and
inhibiting phosphorylation of calcineurin, was originally
developed for use in transplantation and autoimmune
diseases, and has been investigated for potential activity in
ulcerative colitis. It has similar immunosuppressive and
adverse-effect profiles to ciclosporin, but improved oral
absorption. In the largest study of tacrolimus,133 ten of 

14 patients with steroid-refractory ulcerative colitis who
received daily 0·01–0·02 mg/kg doses intravenously for 
1 week and were subsequently switched to a daily oral
regimen for the second week improved after 14 days. Five
of seven patients with severe ulcerative colitis who
received oral tacrolimus responded immediately. In view
of the significant side-effects associated with tacrolimus,
controlled trials are warranted before routine use can be
advocated.

Unfortunately, there are very limited data assessing the
role of biological therapies in ulcerative colitis. A large
multicentre trial assessing infliximab in ulcerative colitis
has yet to commence enrolment. However, an unmasked
study recently reported that 16 of 17 patients with severe
ulcerative colitis responded to infliximab,134 and a double-
masked, placebo-controlled pilot study reported that four
of eight patients with steroid-refractory ulcerative colitis
were successfully treated with the drug.135 An unmasked
trial reported that ten of 15 patients who received
CDP571 (antibody to tumour necrosis factor produced
from human cells), had a reduction in symptoms.136

Although tumour necrosis factor plays a more pivotal part
in Crohn’s disease, the factor is also raised in serum and
colonic mucosa in ulcerative colitis, and soluble receptor
levels closely correlate with disease activity in ulcerative
colitis.137

Risk of colorectal cancer
Patients with ulcerative colitis have a higher risk of
colorectal cancer than the general population. Risk is
related to the extent and duration of disease, but not
disease activity (even quiescent disease is associated with
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Colonoscopy to the caecum; at least 33 jumbo biopsies or 4-quadrant biopsies every 10 cm (whichever is greater);
removal of all DALMs when feasible

Technique

Extensive ulcerative colitis for 8 years or longer
Left-sided colitis for 15 years or longer

Proctitis: follow screening guidelines as for general population
Primary sclerosing cholangitis: begin surveillance at time of diagnosis

Indefinite for dysplasiaNo dysplasia Dysplastic lesion or massFlat dysplasia

Low
grade

Repeat surveillance
in 6 months

Repeat surveillance
in 1–2 years

Repeat surveillance
in 1 year

Colectomy

Candidates

Treat active inflammation Confirm with 2nd pathologist

Polypectomy

High
grade

True
DALM*

Adenoma-
like

Adjacent
mucosa

not
dysplastic†

Adjacent
mucosa

dysplastic

*True DALM=a dysplasia-associated lesion or mass that does not resemble an adenoma–ie, a mass lesion, stricture, or broad-based tumour.
†Dysplastic polyps can be treated safely by endoscopy resection, provided the adjacent flat mucosa is not dysplatic. 153,154

Strategy for surveillance for colorectal cancer in chronic ulcerative colitis
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duration-related risk). Ekbom and colleagues138 reported
standardised incidence ratios for colorectal cancer risk of
1·7 for patients with proctitis, 2·8 for patients with disease
extending beyond the rectum but no further than the
hepatic flexure, and 14·8 for patients with disease
extending beyond the hepatic flexure. A family history of
colorectal cancer139 and the presence of primary sclerosing
cholangitis140 and backwash ileitis141 are also independently
associated with increased cancer risk. Continuation of
maintenance 5-aminosalicylate142 and sulfasalazine143

(possibly related to a direct anticancer effect mediated
through COX-2 inhibition144), cigarette smoking,143 and
possibly folic-acid145 and vitamin-E supplementation are
protective factors. A case-control study142 that compared
patients with both ulcerative colitis and colorectal cancer
with a matched disease group without colorectal cancer
showed a reduction of 75% in risk of cancer for those
regularly taking 5-aminosalicylates. Significant reduction
was seen even for low-dose mesalazine (1·2 g daily) but
not for sulfasalazine.142 Compared with sporadic colorectal
cancer, colorectal cancer in ulcerative colitis is more likely
to have a uniform distribution throughout the colon,
affect more than one area, and be discovered at a higher
grade.146 Recognition of dysplasia as a precursor to cancer
in ulcerative colitis supports the rationale for performing
regular surveillance by colonoscopy, but the benefits,
reliability, and cost of surveillance programmes are
disputed.147,148 Western and Japanese pathologists have
adopted a more uniform classification of gastrointestinal
epithelial neoplasia,149 but concordance between expert
pathologists for diagnosis of low-grade or indefinite
dysplasia is still poor. Randomised controlled clinical
trials have yet to be done to assess the efficacy of
surveillance, and the appropriate endpoints for
recommending colectomy remain undefined.150 Despite
guidelines151 and a consensus that patients who have had
extensive ulcerative colitis for 7–8 years and those who
have had left-sided disease for 15 years should be enrolled
in surveillance programmes, inconsistencies exist in
clinical practice. Only 24% of gastroenterologists who
responded to a British survey screened patients with left-
sided colitis, only 2% took more than 20 biopsies (at least
33 biopsies are needed for 90% confidence of detecting
dysplasia), and only 53% advised colectomy for high-
grade dysplasia.152 Two studies have shown that an
adenoma-like dysplastic lesion or masse in patients with
chronic colitis, irrespective of location, can be treated by
polypectomy in the same way as in patients with non-
colitic colons and followed by yearly surveillance
colonoscopy, provided there is no dysplasia in the
adjacent flat mucosa or other surveillance biopsies.153,154

The figure shows a strategy for surveillance based on
available data and proposed guidelines. 
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