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here continue to be evolutionary changes in the man-
gement of ulcerative colitis despite the fact that, aside
rom a variety of aminosalicylate formulations, no new
herapies have been approved over the past few de-
ades. Nevertheless, debates continue regarding the
ptimization of treatment with aminosalicylates and the
hort- and long-term benefits of immunomodulation in
lcerative colitis. This article focuses on the most recent
linical studies pertaining to the management of ulcer-
tive colitis and explores both the advances and contro-
ersies pertaining to aminosalicylate therapy, corticoste-
oids, cyclosporine, and the purine antimetabolites.
ovel therapeutic approaches—including preliminary ex-
erience with biological therapies directed at tumor ne-
rosis factor and other cytokines, adhesion molecules,
rowth factors, and probiotics—will be reviewed. Recent
ata regarding potential chemoprevention in long-stand-
ng ulcerative colitis and management of postoperative
omplications and pouchitis will also be discussed.

espite recent advances in the understanding of the
genetics, immune and inflammatory mechanisms,

nd potential environmental triggers that contribute to
lcerative colitis, an exact etiopathogenesis remains elu-
ive. In parallel to the basic underpinning of disease
volution and perpetuation and in contrast to the con-
rmed utility of biological (anti–tumor necrosis factor
TNF]) therapy for Crohn’s disease, advances in medical
herapy for ulcerative colitis continue to be evolutionary
ather than revolutionary. Nevertheless, a number of
dvances have either improved the efficacy or reduced the
oxicity related to acute (inductive) and chronic (main-
enance) therapy. At the same time, a number of contro-
ersies have come to light regarding the optimization of
herapy with aminosalicylates, corticosteroids, immuno-
odulators, novel biologics, and probiotics. This review
ill focus on the most recent advances and current

ontroversies in therapy for ulcerative colitis.

Aminosalicylates
The aminosalicylates remain the mainstays of

herapy for induction of remission in mild to moderately
ctive ulcerative colitis1 and to prevent relapse of quies-
ent disease.2 The expansion of mesalamine formulations
nd delivery systems has exposed several gaps in the
vidence base for the treatment of ulcerative colitis that
equire further elucidation. These include substantiating
ifferences in pharmacokinetic profiles and systemic
load” of different formulations, discrimination between
ormulations for differing extents of disease, and clarifi-
ation of the dose response for active and maintenance
herapy.

The development of the azo-bond formulation, bal-
alazide,3 by using aminobenzoyl-�-alanine, an inert car-
ier devoid of the sulfa moiety, has created controversies
egarding the pharmacokinetics and competitive advan-
ages of different aminosalicylates for the treatment of
lcerative colitis. Recent trials have shown that balsala-
ide is comparable in efficacy to sulfasalazine and is
etter tolerated when equimolar concentrations of me-
alamine are administered to patients with active ulcer-
tive colitis.4,5 However, recent comparative trials with
esalamine have been more controversial in their inter-

retation.6–8 Unfortunately, lack of standardized evalu-
tions of disease activity, differing definitions of im-
rovement or remission, and exuberant reliance on
econdary end points impair optimal interpretation of
hese trials.7,9,10 In a trial reported by Green et al.,11

alsalazide 6.75 g/day was compared with a European
H-release mesalamine formulation of Asacol (Proctor
nd Gamble, Cincinnati, OH) 2.4 g/day in patients with
ctive ulcerative colitis over 12 weeks. The authors re-
orted a faster onset of action (not the primary end point)
nd improved tolerance in this study population, which
ncluded patients with moderate or even severe disease.
ost hoc analysis also suggested that patients with left-
ided disease might have responded better to balsalazide.
wo additional trials have been performed comparing
alsalazide 6.75 g/day with mesalamine 2.4 g/day. Both
rials showed similar efficacy according to the primary
nd point of symptomatic remission at 8 weeks.12,13

Abbreviations used in this paper: EBV, Epstein–Barr virus; EGF,
pidermal growth factor; IFN, interferon; IL, interleukin; IL-2R, IL-2
eceptor; TNF, tumor necrosis factor.
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econdary or post hoc analyses suggested a faster onset of
ction and improved responses for patients with left-
ided disease. Although the authors suggested that there
as less systemic absorption of mesalamine from balsala-

ide and considered pharmacokinetics as a rationale for
possible) improved efficacy in left-sided colitis, a recent

eta-analysis of pharmacokinetic studies with all the
esalamine compounds showed greater similarities in

ystemic availability and renal excretion than differences
etween any of the agents.14

Direct comparison studies are necessary to determine
hether patients with left-sided disease respond better to

n azo-bond compound than to alternative delivery sys-
ems of mesalamine.7,9 Even in the trials described pre-
iously, there was a lack of consistency in primary end-
oint evaluations, with “remissions” defined as “no or
ild symptoms, a sigmoidoscopy score of 0 or 1, and no

se of rectal steroids”11; “normal stool frequency, no
lood in stool for 48 hours, physician’s global assessment
f “quiescent,” and a sigmoidoscopy score of normal or
ild,”12; and “a patient functional assessment rating of

ormal or mild and absence of rectal bleeding.”13 In a
ecent critical systematic review focusing on evidence-
ased interpretation of the use of mesalamine in ulcer-
tive colitis, the authors emphasized the requisite for
ell-defined primary end points, cautious interpretation
f secondary end points when primary end points are not
chieved, prespecification of statistical corrections for
ultiple secondary end points, and post hoc or posttrial

nalyses.10

In clinical trials with oral mesalamine compounds,
oth pH-dependent and time-release, patients with pan-
olitis and left-sided colitis responded similarly.15–17

owever, a potential mechanism for azo-bond drug ef-
cacy in left-sided disease is the increased small-bowel
ecretion that has been shown with olsalazine18 and, most
ecently, with sulfasalazine and balsalazide (E. Chang,
ersonal communication, March 2004). This may also
imit the upward dosing of azo-compounds in active
isease because of increased loosening of stools, as has
een shown with olsalazine at doses greater than 2 g/day
similar to balsalazide at 6 g/day). In any event, the issue
f optimal therapy for left-sided disease with varied
ormulations of oral aminosalicylates is made less rele-
ant by the well-defined superiority of topical (rectal)
esalamine in distal colitis.19

Another recent controversy regarding mesalamine per-
ains to the dose response for active and quiescent dis-
ase. While most clinicians in the U.S. have advocated a
ose response up to 4.8 g/day in active disease, these
ecommendations have been based on trials with formu-
ations of Pentasa15 (Shire Pharmaceuticals, Cincinnati,
H) and Asacol.16 However, a recent European trial

ailed to show superiority of a new oral mesalamine
ormulation at doses greater than 3 g/day.20 Controlled
aintenance trials, to date, have not evaluated doses

reater than 1.6 g of mesalamine daily to prevent re-
apse.21 Nevertheless, many clinicians believe that there
ill be a dose response at greater than 1.6 g of me-

alamine to maintain remissions for patients with ulcer-
tive colitis,22 particularly for patients who have required
igher doses to achieve remission. Controlled trials to
ssess this postulate would be helpful to complete the
vidence base for maintenance therapy with aminosalicy-
ates in ulcerative colitis.2

Finally, no medication is likely to be effective if the
atient is not adherent (compliant). Kane et al.24 have
ollowed up on their previous studies23 to determine the
ffect of compliance on the clinical outcomes of mainte-
ance therapy with mesalamine. They showed that pa-
ients who were nonadherent (more often unmarried men
r patients taking numerous concomitant medications)
ad a 5-fold risk of relapsing compared with patients
ho took at least 80% of their prescribed dose. These
ndings have been supported by others, who have shown
hat nonadherence (present in approximately 40% of
atients receiving maintenance therapy) is worse with
ore frequent dosing (3 times daily) or in patients with

epression25 and that an educational program with self-
irected therapy during chronic therapy can improve
utcomes, as defined by physician visits and hospitaliza-
ions.26

Corticosteroids
Although corticosteroids remain the primary

herapy for moderate to severe ulcerative colitis or for
atients who have failed initial therapy with an amino-
alicylate,22 there have been few recent developments
egarding glucocorticoid therapy in this setting. The
iological effects of corticosteroids are pluripotent and
nclude both immunologic and anti-inflammatory prop-
rties, including the inhibitory effects on nuclear fac-
or-�B and activating protein-1 regulation of proinflam-
atory cytokines27,28 and the downstream effects on

eukocyte function and eicosanoid production.29 Recent
fforts have also been undertaken to identify why some
atients with ulcerative colitis are less responsive or lose
heir response to corticosteroids.30,31 Higher levels of
lucocorticoid receptors32 and glucocorticoid receptor
essenger RNA33 have been identified in patients with

teroid-refractory ulcerative colitis. It has also been sug-
ested that up-regulated production of pro-inflammatory
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ytokines leads to an accumulation of the � isoform of
he glucocorticoid receptor, which inhibits the function
f the � receptor isoform, which leads to proinflamma-
ory cytokine transcription after binding to glucocorti-
oid hormones and translocating to the nucleus.34 In-
reased expression of the � receptor on circulating
ymphocytes has been associated with resistance to ste-
oid therapy in ulcerative colitis.35 Despite the long-term
nowledge of corticosteroid effects, much remains to be
earned regarding the mechanisms of action and predic-
ion of the response to steroids in ulcerative colitis.

It is reassuring to recognize that outside of tertiary
enters, only approximately one third of patients require
ystemic steroid therapy.36 In a survey of the Olmsted
ounty population, 54% of patients treated with sys-
emic steroids went into complete remission, and only
6% of patients did not respond. However, after 1 year,
nly half of the patients remained in remission, and
early one third of patients who required steroids pro-
ressed to the need for colectomy. These data are con-
istent with prior meta-analyses of therapeutic outcomes
n ulcerative colitis that reported long-term remissions in
nly approximately 50% of patients who received par-
nteral steroids for severe ulcerative colitis.37 It remains
o be determined whether high-dose pulse dexametha-
one therapy will improve on conventional parenteral
teroid regimens.38 Recent experience has also empha-
ized that patients who have required steroid therapy also
ave a relatively poor prognosis for maintenance therapy
ith standard-dose mesalamine.39

Pharmacological development of novel glucocorticoids
as been more difficult in ulcerative colitis, compared
ith Crohn’s disease, because of variations in colonic pH,

ransit time, and bacterial metabolism.40 Trials of
nteric-coated budesonide have not been effective in the
etting of distal colitis,41 although a recent trial of com-
ination therapy with beclomethasone dipropionate 5
g/day in conjunction with mesalamine did show an

dditive benefit, albeit with evidence of inhibition of the
ypothalamic-pituitary-adrenal axis.42 Topical cortico-
teroid therapy has been relegated to a secondary role in
istal ulcerative colitis because numerous trials have
hown superiority of rectal mesalamine compared with
ither conventional or nonsystemic steroids.19,43 Combi-
ation therapy with topical mesalamine and a corticoste-
oid may provide additive benefits.43

Immunomodulators
The efficacy of cyclosporine in severe ulcerative

olitis has been validated since the pioneering trials by
ichtiger and Present44 and Lichtiger et al.45 Parenteral
yclosporine in conjunction with steroids has been con-
istently effective in the approximately 40% of patients
ith severe ulcerative colitis who have failed corticoste-

oid therapy.46 Over the past several years, trials have also
hown that parenteral cyclosporine is effective alone,
ithout steroids.47,48 In the group of patients random-

zed to cyclosporine and maintained on azathioprine, the
-year prognosis was superior to that of the steroid-
reated group maintained on aminosalicylates (78% vs.
7% remissions), and this, again, calls into question the
rognosis of patients maintained on aminosalicylates af-
er steroid therapy.47 The Leuven group confirmed that 2
g/kg dosing, compared with 4 mg/kg, was equally

ffective and safe in a randomized, controlled trial49 that
as been substantiated in clinical practice.48,50,51 Al-
hough most cyclosporine therapy for ulcerative colitis
as been administered parenterally, for severe disease,
icroemulsion formulations52,53 or tacrolimus54,55 may

ventually become useful as an adjunctive therapy for
teroid-refractory ulcerative colitis. Currently, although
ntravenous cyclosporine has become an acceptable ther-
py for severe, steroid-refractory ulcerative colitis, the
ral agents have not been widely accepted because of
heir potential toxicity and requisite evaluation in a
ontrolled setting.46 Meanwhile, it is reassuring that
everal series have not identified increased postoperative
omplications in patients who have failed cyclosporine
nd required colectomy.56,57

There have been few new data regarding the utility of
urine antimetabolites, azathioprine, and 6-mercaptopu-
ine for ulcerative colitis. It is also intriguing that,
espite their general acceptance for steroid-dependent
lcerative colitis,58,59 there remain limited evidence-
ased data to support the overall efficacy or to delineate
dose response in ulcerative colitis. The clinical trials

rom the 1970s provided equivocal results regarding the
fficacy of azathioprine in ulcerative colitis, although
teroid-sparing effects were suggested.60–62 The most
onvincing controlled trial to date evaluated the main-
enance benefits of azathioprine for patients who had
equired azathioprine to achieve remission.63 The 12-
onth relapse rate was 36% for patients maintained on

zathioprine, compared with 59% for patients random-
zed to placebo. In the latter trial, most patients had
aintained aminosalicylate therapy, although a recent

ase series calls into question whether the addition of
minosalicylates is necessary.64 Uncontrolled experience
as suggested a benefit from azathioprine or 6-mercap-
opurine for ulcerative colitis.59,65–68 An area of consis-
ency has been the general acceptance that a purine
ntimetabolite is useful to prolong remissions after in-
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uction with cyclosporine.69,70 The benefits for refractory
eft-sided disease may not be as paramount as with more
xtensive disease,71 and it is, again, reassuring that im-
unomodulatory therapy with the purine analogues has

ot affected surgical outcomes or morbidity for patients
ho fail therapy.72

Optimal dosing for the purine metabolites has not
een established for ulcerative colitis, nor has the ques-
ion of therapeutic monitoring in this setting been eval-
ated.73–75 Recently, a novel potential mechanism of
ction for azathioprine—induction of apoptosis of CD4�

cells—has been proposed and warrants further inves-
igation.76

Biological Agents

The remarkable effect that infliximab has had on
he treatment of Crohn’s disease has not yet been extrap-
lated to ulcerative colitis. To date, there are no biolog-
cal agents approved for ulcerative colitis in the United
tates or abroad.

Infliximab has been evaluated in a few open-label and
ontrolled clinical trials in ulcerative colitis, and, com-
ared with the results in Crohn’s disease, the outcomes
ould best be described as ambiguous. In the first re-
orted pilot trial, 4 of 8 patients with severe, steroid-
efractory ulcerative colitis randomly assigned to receive
single dose of infliximab at 5, 10, or 20 mg/kg re-

ponded by week 2, versus none of the 3 placebo-treated
atients.77 Subsequently, in an open-label series, Chey et
l.78 reported a response in all 8 patients with refractory
lcerative colitis who received a single 5 mg/kg infusion
f infliximab, and, in a subsequent report, the authors
escribed the achievement of clinical remission and
aintenance for more than 4 months in 14 of 16 patients

88%).79 In another positive open-label observation, 4 of
patients with severe, steroid-refractory ulcerative coli-

is were reported in a long-term remission (median fol-
ow-up, 5.5 months) after a single 5 mg/kg infliximab
nfusion.80 Similarly, Kohn et al.81 treated 13 patients
ith severe, steroid-refractory ulcerative colitis with a

ingle infusion of infliximab 5 mg/kg, and of 10 with a
linical response, 9 patients were reported to have main-
ained clinical remission off corticosteroids at a mean of
0 months. In a separate uncontrolled experience from
everal separate practices, 27 patients with medically
efractory active ulcerative colitis received either a single
nfusion or multiple infusions of infliximab. Of these,
4% were reported to have achieved remission and 22%
artial response.82 Half of the responders experienced a
elapse, 95% of whom responded to repeat infusions.
owever, in contrast to previous reports, steroid-refrac-
ory patients were less likely to respond to infliximab.

In contrast to these aforementioned positive and
ostly uncontrolled studies, Actis et al.83 reported an

nitial response rate in 4 of 8 patients who received a
ingle dose of infliximab, but a sustained response rate
as maintained in only 2 patients after 7 months with

ombinations of azathioprine and repeated infliximab
osing. In another open-label study, although infliximab
as able to induce a rapid response in 30 patients with
lcerative or “indeterminate” colitis refractory to conven-
ional treatment, long-term results were less favorable,
ith frequent relapses, and one third of patients required
colectomy by 1 year.84 Finally, in the only published

andomized, placebo-controlled trial, Probert et al.85 did
ot identify a difference in remission rates at 6 weeks in
oderately severe steroid-resistant ulcerative colitis

reated with 2 doses of infliximab 5 mg/kg or placebo at
and 2 weeks (39% vs. 30%; P � 0.76). Although this

tudy was inadequately powered and a true clinical dif-
erence may have been missed (type II error), the dispar-
ty among published reports needs to be clarified and the
fficacy of infliximab needs to be assessed with properly
onducted placebo-controlled trials. Results of ongoing
hase III trials will provide long-awaited answers.
CDP571, an immunoglobulin G4 humanized mono-

lonal antibody, has also been evaluated in a pilot study
hat enrolled 15 patients with mild to moderate ulcer-
tive colitis.86 Although there was a modest but signif-
cant reduction in clinical activity by 1 week after a
ingle infusion, the effects were short lived and failed to
emain significant at 2 weeks.

Although some rationale remains for the treatment of
lcerative colitis with anti-TNF therapy—based on in-
reased levels of TNF-� in the colonic mucosa87; in-
reased production of TNF-� by lamina propria mono-
uclear cells88; high concentrations of TNF-� in stools,
ectal dialysates, and urine89,90; and beneficial effects of
DP571 in cotton-top tamarins91—it remains to be
etermined whether these strategies will have similar
ffects on the human disease.

RDP58, a novel anti-inflammatory decapeptide,
locks TNF production at a posttranscriptional level and
lso inhibits the production of interferon (IFN)-�, inter-
eukin (IL)-2, and IL-12.92,93 RDP58 has been effective
n murine and primate models of colitis, and in a phase
I study, 127 patients with mild to moderate active
lcerative colitis were randomized to receive placebo or
n oral solution of RDP58 at 100, 200, or 300 mg daily
or 4 weeks.94 Clinical remission was reported in 72%,
0%, 29%, and 40% of patients in the 300, 200, and
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00 mg groups and placebo, respectively (combined P �
.0006), and histological scores also improved in the 200
nd 300 mg groups (P � 0.008) compared with placebo.
DP58 seems to be safe and may become an attractive

pproach because of its oral delivery and low bioavail-
bility.

Anti–leukocyte adhesion therapies are a novel ap-
roach to prevent egress of inflammatory cells into the
issues of patients with inflammatory bowel disease. To
ate, preliminary trials have been reported regarding
onoclonal antibodies to the �4 integrin (natalizumab)95

nd �4�7 integrin (MLN-02)96 for ulcerative colitis and
n antisense compound inhibiting production of inter-
ellular adhesion molecule-1 (ISIS 2302) for pouchitis.97

he results are too preliminary to make ultimate predic-
ions regarding ultimate efficacy or risk/benefit ratio.

Anti–Interleukin-2 Therapies

The pathogenic role of IL-2 in ulcerative colitis is
nferred from the established efficacy of cyclosporine in
evere ulcerative colitis, which inhibits IL-2 synthesis
hrough inhibition of the calcineurin pathway. Recent
pproaches to the treatment of transplant rejection have
argeted the IL-2 receptor (IL-2R) with the monoclonal
ntibodies daclizumab and basiliximab. Daclizumab, a
ecombinant humanized immunoglobulin G1 monoclo-
al antibody to IL-2R� (CD25), binds with high affinity.
n an open-label, single-center pilot study, 2 infusions of
aclizumab 1 mg/kg 4 weeks apart in 10 patients with
efractory ulcerative colitis resulted in significant de-
reases in clinical activity scores after week 2 with a
arallel decrease in C-reactive protein and significantly
educed CD25� cells in mucosal biopsy samples.98 Eight
f 10 patients achieved a clinical response, of which 5
ere in remission after 8 weeks. However, all patients in

linical remission did not achieve mucosal healing, as
ssessed by endoscopic and histological scores. Basilix-
mab, a chimeric monoclonal antibody to IL-2R, has also
een evaluated in a pilot open-label study in ulcerative
olitis.99 After a single dose of intravenous basiliximab
0 mg, 9 of 10 patients with steroid-resistant disease
chieved a clinical remission by 8 weeks, with significant
mprovement in the clinical activity score as early as 1
eek. Although 8 of the 9 responders relapsed after a
edian of 9 weeks, remissions were easily reestablished

y increasing the steroid dose, adding azathioprine, or
oth. These trials suggest that, in addition to immuno-
uppressive actions, anti–IL-2R antibodies may have ste-
oid-sensitizing properties that could lead to improved
fficacy when administered in combination with steroids.
nfortunately, retreatment with basiliximab is compro-
ised by reports of hypersensitivity with repeated infu-
ions secondary to the development of human antichi-
eric antibodies. Ultimately, a role for “bridging”

herapy for steroid-resistant patients to a maintenance
mmunomodulator may need to be compared with the
fficacy and safety of cyclosporine in future trials.

Anti-CD3 Therapy

Visilizumab (HuM291), a humanized antibody
ith a mutated immunoglobulin G2 Fc region directed

t the CD3e chain of the T-cell receptor complex, has
een shown to selectively induce apoptosis in activated T
ells.100 Preliminary results of an ongoing phase I dose-
scalation study recently described 7 patients with severe
teroid-refractory ulcerative colitis who received 2 daily
nfusions of visilizumab 15 �g/kg.101 Data presented for

patients described clinical and endoscopic remissions
or all 5 patients that persisted for several months as
teroids were tapered. Side effects included a transient
ecrease in T-lymphocyte counts and cytokine-release
ymptoms, although no infectious complications were
een in this small pilot study. Two patients had transient
ow-level Epstein–Barr virus (EBV) titers not associated
ith clinical symptoms. In trials with visilizumab for
raft-versus-host disease, EBV reactivation and post-
ransplantation lymphoproliferative disease have been
ncountered that necessitated close monitoring of EBV
NA. Preemptive treatment with rituximab, based on

ncreasing DNA titers, seems to prevent the complica-
ion of posttransplantation lymphoproliferative disease
fter visilizumab in patients with graft-versus-host dis-
ase.102

The role of IFNs has been evaluated in ulcerative
olitis, initially in 7 patients with chronic active hepa-
itis and quiescent colitis.103 The absence of worsening
ymptoms led to a 6-month trial with subcutaneous
FN-�-2a (3–9 MIU thrice weekly) in 28 inpatients who
ad a rapid response (within 2 weeks) and an eventual
2% remission rate within 6 months.104 In a randomized
tudy comparing 12 weeks of subcutaneous IFN-�-2a
ith 30 days of prednisolone enemas in 32 patients with
ild to moderate left-sided colitis, IFN-�-2a treatment
as as effective as steroid enemas,105 and, most recently,

he efficacy of pegylated IFN-�-2b was recently evalu-
ted in 60 patients with ulcerative colitis randomized to
lacebo, 0.5 �g/kg, or 1 �g/kg of subcutaneous pegy-
ated IFN-�-2b once weekly for 12 weeks.106 Clinical
emission at week 12 was highest in the pegylated IFN
.5 �g/kg group (58%) compared with placebo (40%),
lthough the pegylated IFN 1 �g/kg was less well tol-
rated: 8 of 21 patients dropped out of the study because
f adverse events.
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IFN-�-1a has also been evaluated in a several trials. In
5 patients with steroid-refractory ulcerative colitis
iven 0.5 MIU of intravenous human natural IFN-� or
ubcutaneous injections of 1 MIU of recombinant IFN-
-1a, a remission rate of 88% was described, with a mean

esponse time of 3 weeks.107 Although there was no
ifference in efficacy between the 2 forms of IFN-�, a
ubsequent study involving 97 steroid-refractory patients
reated with placebo or subcutaneous recombinant IFN-
-1a at doses of 1 or 3 MIU 3 times per week for 8 weeks

howed remission rates of 38%, 30%, and 56%, respec-
ively.108 In the most recent placebo-controlled, dose-
scalating study of subcutaneous recombinant IFN-�-1a
t doses of 22, 44, or 88 �g 3 times a week, clinical
esponse and remission were achieved in 50% and 30%
n the IFN-� group, compared with 14% and 0% in the
lacebo group (P � 0.14 and P � 0.02, respectively).109

Growth factors, including transforming growth fac-
or-�, trefoil factors, epidermal growth factor (EGF), and
eratinocyte growth factor (KGF), regulate the integrity
f the colonic mucosa and maintain its barrier func-
ion.110 The potential use of these growth factors to heal
nd restore mucosal integrity has stimulated recent stud-
es using KGF and EGF for the treatment of ulcerative
olitis. KGF is a potent stimulator of intestinal epithelial
ells, and in animal models, colitis has been improved
ith both recombinant human KGF-1 (fibroblast growth

actor-7) and KGF-2 (repifermin; fibroblast growth fac-
or-10). However, in a placebo-controlled trial that en-
olled 88 patients with active ulcerative colitis who were
andomized to receive intravenous repifermin 1 to 50
g/kg or placebo for 5 consecutive days, there was no

ignificant benefit, although the study did not rule out
he possibility of higher dosing or longer treatment
ntervals.111 In contrast, EGF, a mitogenic peptide pro-
uced by salivary and duodenal Brunner’s glands that has
een used topically for healing of skin wounds and
ystemically to treat necrotizing enterocolitis in neo-
ates, was recently evaluated as an enema therapy in
onjunction with mesalamine therapy in 24 patients
ith mild to moderately active ulcerative colitis.112 After
weeks, 10 of 12 patients who received EGF enemas (5
g in 100 mL of an inert carrier) experienced remission,

ompared with 1 of 12 patients treated with placebo
nemas. All 10 patients remained in remission at a
-week assessment, and this decreased to 8 after 12
eeks. Despite these impressive results, additional con-
rmation is necessary, and potential benefits need to be
alanced against the potential for up-regulation of proto-
ncogene expression and the risk of malignant transfor-
ation with EGF therapy in ulcerative colitis or adeno-
atous polyps.

Chemopreventive Strategies in
Ulcerative Colitis
Recent series have provided optimism regarding

he potential for diminishing the risk of neoplasia in
atients with ulcerative colitis.113 There has been in-
reasing although, again, conflicting evidence regarding
he potential for mesalamine compounds to reduce the
evelopment of dysplasia, cancer, or both in ulcerative
olitis.114,115 There are numerous potential mechanisms
y which mesalamine could affect the carcinogenesis
equence, including inhibition of cell growth; prolifera-
ion by inhibition of prostaglandins, lipoxygenases, nu-
lear factor-�B, and MAP kinases; activation of apopto-
is; and inhibition of gene transcription by targeting the
eroxisome proliferator–activated receptor-�.116 There
re also evolving data that ursodeoxycholic acid may
rovide chemoprotective benefits for patients with ulcer-
tive colitis and primary sclerosing cholangitis.117,118

arge prospective studies would be helpful to elucidate
he dose response and efficacy of the mesalamine com-
ounds and ursodeoxycholic acid alone and in combina-
ion as chemopreventive agents in ulcerative colitis.
eanwhile, the data regarding the maintenance benefits

f mesalamine are a compelling rationale to continue
ong-term treatment with additional hope, if not expec-
ation, of chemoprevention, and supplementation with
olic acid is also an inexpensive and risk-free recommen-
ation, particularly for patients receiving sulfasala-
ine.113

Postcolectomy Management
Proctocolectomy and ileo-anal pouch surgeries

ave become the standard approach to curative resections
n young patients with ulcerative colitis. The cosmetic
nd quality-of-life benefits have been well described and
onfirmed.119–121 Now that these operative techniques
ave matured, the short- and long-term risks and failures
ave become well established and are acceptable within
he gastroenterological and surgical communities.122,123

owever, the recent description of reduced fecundity in
omen undergoing restorative proctocolectomies has
een quite disturbing and requires further evaluation of
isk factors and preventive measures to avoid this signif-
cant impediment to elective surgical interventions.124

Two additional postoperative complications deserve
ention: pouchitis and the risk of neoplasia. Pouchitis

as been a well-recognized complication of restorative
roctocolectomy for ulcerative colitis.125 Although a re-
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ent Cochrane analysis had difficulty identifying evi-
ence-based support, the antibiotics metronidazole and
iprofloxacin have become, at least, empirical standards
f treatment of acute125,126 and chronic127 pouchitis.
ecent clinical trials have also shown a role for the
robiotic formulation VSL#3, in high doses, for primary
revention128 and maintenance of remission after antibi-
tic therapy.129,130 This formulation continues to be mar-
eted over the Internet as a food supplement and has yet
o be compared with other empirical approaches from the
tandpoints of safety and efficacy. Additional alternative
herapeutic approaches to acute pouchitis have been the
se of budesonide enemas131 or infliximab for patients
ho develop Crohn’s disease in or around the pouch.132

Summary
This review has attempted to update information

egarding the current state of medical therapy for ulcer-
tive colitis and its surgical complications. Considerable
ncremental progress is being made on all fronts. Nev-
rtheless, aside from an expanding array of aminosalicy-
ate formulations, no new therapy has been approved for
he treatment of ulcerative colitis over the past several
ecades. There is consistent evidence for the role of
yclosporine in severe ulcerative colitis and expanding, if
ot definitive, evidence for purine antimetabolites. The
ost recent provocative data regarding EGF enemas are

he first clinical evidence that epithelial restitution may
ave a therapeutic role; additional targeted immunosup-
ressive strategies are under investigation. The future is
right for expanding therapeutic potentials for ulcerative
olitis with hopes that predictive factors will be identi-
ed that will allow better patient selection for individual
gents as they enter into clinical investigation.
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