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corticosteroids were the only potent immunomodulatory agents effective and 
available for active inflammatory bowel disease (IBD). The past decade ha seen 
an enhanced knowledge of the immune response in lBD and a better under
standing of how common immunomodulatory agents work. Furthermore, more 
specific mediators of the abnormal immune response have been identified, so that 
therapy can be more targeted. Purine analogues have proven efficacy in achieving 
and maintaining remission in both Crohn's disease and ulcerative colitis. 
Methotrexate has proven efficacy in active Crohn's di ease. Both of these classes 
of drugs requires weeks to months of treatment before any benefit is seen. 
Intravenous cyclosporine is efficacious in acute severe ulcerative coliti · and can 
settle active disease within days of administration. It is unclear whether oral 
cyclosporine offers any advantage at maintaining remission, Lmce achieved. Oral 
cyclosporine in Crohn's disease has been proven to be ineffective at either 
achieving or maintaining remission; however, intravenous cyclo porine in 
Crohn's disease has not been rigorously tested. Newer immunomoJulatory agents 
have been designed for specific targets. and in particular monoclonal antibodies 
that block the effects of interleukin- I, tumour necrosis factor-alpha and the 
T cell receptor are ,wailable for clinical trials. We are in an era of expanding 
therapeutic approaches to these diseases, including the refined use of readily 
available agent , the development of newer, more targeted agents and a broader 
understanding of how agents may be effectively used simultaneously or sequen
tially. 
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Mise a jour sur le traitement immunomodulateur clans les 
maladies inflammatoires de l'intestin 

RESUME : Depuis quelques decennies, les corticostero'ides etaient les seuls 
agents immunomodulareurs puissants, efficaces offerts pour traiter les maladies 
inflammatoires de l'intestin (MII). La derniere decennie a permis de beaucoup 
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W l !ILE THE CAU 'E(S) OF lNFLAM

matory bowe l disease (IBO) -
ulcerative colitis and C rohn's disease -
remains unclear, advances in our un
der randing of the mechanisms and 
mediators involved in the pathogenesis 
has provided a ound rationale fo r the 
therapeutic use of immunomodulatory 
drugs, and has led to novel therapeutic 
approaches. The basis of immuno
modu latory therapy in both Crohn' dis
ease and ulcerative colitis is as fo llows: 
there i general agreement that the im
mune system mediates the tissue damage 
in these disorders; and, while environ
mental factors including infectious 
agents might be disease triggers in ge
netically susceptible indi vidua ls, there 
is no convincing evidence for any on
going infection in either condition (1 ). 

This review discusses the avai lable 
immunomodulatory therapie that are 
typically con iJered in the treatment of 
patients with IBD when cort icostero ids 
and other conventional management 
have fai led. 

PURINE ANALOGUES 
Azathioprine is the S-imidazole pre

cursor of 6-mercapropurine (6-MP) and 
was developed with the hope that the 
active moiety would be released more 
slowly than 6-MP. These drugs act at 
crucial steps in Band T ce ll activation, 
blocking gene activation and prolifera
tion. However, their exact mechanism 
of action in IBO is unknown. The two 
drugs probably have si milar efficacy 
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mieux comprendre la repon e immunologique et le role des agents immunomodu
lateurs d'usage courant clans les MIL De plus, des mediateurs plus specifiques de 
la reponse immunitaire anonnale ont ete identifies, de sorce que le traitement 
peut etre mieux cible. Les antipurines ont prouve leur efficacite a produire et 
maintenir une remission clans la maladie de Crohn et clans la colite ulcereuse. Le 
methotrexate s'est revele efficace clans la maladie de Crohn evolutive. Ces deux 
classes de medicaments doivent etre administrees durant des semaine , voire des 
mois avant qu'un bienfait ne soit observe. La cyclosporine intraveineuse est 
efficace clans la colite ulcereuse grave aigue et peut ralentir la maladie evolutive 
en quelques jours. On ignore si la cyclosporine orale offre quelqu'avantage clans 
le maintien de la remission une fois qu'elle est installee. La cyclo porine orale 
clan la maladie de Crohn 'est revelee inefficace a amener ou a maintenir la 
remission. Toutefoi , la cyclosporine intraveineuse clans la maladie de Crohn n'a 
pas fait l'objet d'etudes rigoureuses. Des agents immunomodulateur plus recents 
ont ete con~us en fonction de cible specifiques, notamment !es anticorps 
monoclonaux qui inhibent l'effet de l'interleukine l , du facteur alpha de necrose 
tumorale et du recepteur des cellules T soot utilises clans des essais cliniques. Nous 
sommes a une epoque ou les approches therapeutiques se multiplient pour traiter 
ces maladies, y compris le recour plus judicieux a des agents deja existants, la 
creation de nouveaux produits mieux cibles et une meilleure comprehension de 
la fa~on dont ces agents peuvent etre utilises efficacement simultanement ou 
sequentiellement. 

and toxicity; however, there is a pau
city of comparative data. 

Early controversy about the use of 
purine analogues in IBO was related pri
marily to negative result found in some 
early trials including the National Co
operative Crohn's Disease Study (2). 
Limitations in the design of early stud
ies, particularly the fai lure to account 
for the low onset of clinical efficacy of 
purine ana logues, were subsequently 
recognized. These agents require a me
dian of three months before clinical 
efficacy is apparent. Thi implies that 
they are not likely to be useful for 
acutely ill patients and that other 
medications such a corticosteroids 
should not be withdrawn while initiat
ing this form of immunomodulatory 
therapy. 

The most convincing evidence for 
the efficacy of 6-MP in the treatment of 
active Crohn' di ease was a landmark 
study by Present et al (2) in 1980. This 
double-blind, placebo contro lled study 
over a period of two years avoided the 
limitations of earlier tudies. 6-MP 

proved to be effective compared with 
placebo in tenns of improvement of 
clinical status, reduction in concurrent 
corticosteroids use and clo ure of fi tu
las. A recently presented meta-analysi 
on the use of purine analogues has con
firmed their efficacy in active disease 

(3). While the role of purine analogues 
in ulcerative colitis is less rigorously 
defined, there is evidence for therapeu
tic efficacy. These agent offer a ster
oid-sparing effect and a reasonable 
alternative when surgery is undesirable 
or risky. Studies have also shown that 
azathioprine in ulcerative colitis and 
azathioprine and 6-MP in Crohn's dis
ease are useful agents in maintaining 
remission. 

The main toxicity associated with 
purine analogue therapy is myelosup
pression, although it is typically mild 
( 4) . Complete blood counts should be 
checked monthly, although profound 
myelosuppression is rare with low doses 
and rigorous blood count monitoring. 
There is a 3% incidence of allergic 
reactions, including pancreatitis. A 
recent study from St Mark's Hospital in 
England revealed no overall increased 
incidence of noncolorectal cancer in 
patients with IBO using purine ana
logues (5). However, the data for use 
longer than five years suggested a possi
ble increa ed risk of cancer and, thus, 
ongoing treatment after a lengthy re
mission hould be readdre sed. Recent 
<lata suggest that after lengthy remis
sions (greater than four years), relapse 
rates upon purine analogue therapy 
withdrawal may be as low as 10% at up 
to three years ( 6). 

CYCLOSPORINE 
The impact of cyclosporine on the 

outcome of organ transplantation ha 
been revolutionary. In the past several 
years it has also been tested in many 
autoimmune diseases, usually in more 
refractory ca e . Its role in !BO i still 
being defined. 

The action of cyclosporine is lym
phocyte pecific, noncytotoxic and re
versible, and it avoids the myelotoxic 
side effects of agents like 6-MP. It is 
thought to act on T ce ll func tion and 
pro liferation, mostly through inhibi 
tion of interleukin-2 (IL-2) gene trans
cription and thus, diminution of its 
release. IL-2 is a cytokine, or cell mes
senger, that directs the recruitment and 
expansion of effector T cells and T ce ll 
dependent immunological events. Re
cently, mice rendered incapable of pro
ducing IL-2 by a knock-out gene tech
nique have proven to develop an 
inflammatory colitis. This has ra ised 
questions regarding the pecific ite of 
immunomodulation by cyclosporine in 
IBO. 

In contrast to other immunosup
pressants, the required dose of cyclo
sporine i highly variable, requires clo e 
monitoring and blood levels are an es
sential guide. In this respect, an under
standing of the pharmacokinetics of 
cyclosporine is important. Oral ab orp
tion of cyclosporine is slow and incom
plete, and takes place in the small 
intestine. Cyclosporine metabolites are 
concentrated in the bile and alterations 
in bile flow can, therefore, influence 
cyclosporine levels. There is little renal 
excretion and dose adjustments are not 
necessary in chronic renal fa ilure or in 
patients on hemodialysi (the drug is 
also not removed by dialys is). Drugs 
that affect the cytochrome P-450 y -
tern will have important effects on cyclo
sporine levels. 

Cyclosporine has been shown to 
benefit approximately 70% of patients 
with active severe ulcerative col itis 
who are on the threshold of c lectomy. 
This has been confirmed in a recent 
randomized, placebo controlled study 
(7). An advantage of cyclosporine is 
that when it is effective, its effects are 
ev ident within two weeks of initiating 
therapy. One problem with cyclospor-
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ine is the high relapse rate once the 
drug is withdrawn. In ulcerative colitis 
the toxicity of cyclosporine must be 
weighed against the ability to be cured 
of the disease with total colectomy. 
This agent can be used in patients who 
refuse surgery or in patients mentally 
unprepared for surgery and its atten
dant risks. Long term data regarding 
how many patients are truly spared 
colectomy within one year of initiating 
cyclosporine therapy are lacking. Cyclo
sporine might best be used as a bridge to 
long term purine analogue therapy. 

ln a placebo controlled, double
blind trial in Crohn's disease, Brynskov 
et al (8) used oral cyclosporine A (5 to 
7.5 mg/kg/day) in patients with active 
and resistant disease. At the end of 
three months, 59% of patients im
proved by using a clinical scale versus 
32% of patients receiving placebo 
(P=0.032). The improvement clini
cally, however, was mild with a signifi
cant relapse rate after drug withdrawal. 
A Canadian multicentre, randomized, 
placebo controlled trial in patients 
with active Crohn's disease and in pa
tients with Crohn's disease in remission 
revealed that oral cyclosporine (start
ing dose 2.5 mg/kg) was no more effica
cious than placebo (9). This important 
study has proven that as an oral adjunct 
in inactive or moderately active 
Crohn's disease, oral cyclosporine 
has no role. However, neither of these 
published studies in Crohn's disease 
has addressed the use of higher dose 
intravenous cyclosporine. Ironically, 
intravenous cyclosporine has been 
studied in ulcerative colitis where 
small bowel absorption of lipid soluble 
agents should be preserved, and only oral 
cyclosporine has been studied in 
Crohn's disease where absorption of 
the drug may be variable through a dis
eased small bowel. Colonic tissue cyclo
sporine levels are 10 times higher in 
normal subjects after intravenous 
dosing compared with oral dosing ( 10). 

The variable small bowel absorption 
in Crohn's disease requires that the clin
ician heed drug levels. ln acutely ill 
patients, particularly those with 
Crohn's disease, initiation of therapy 
by the intravenous route is preferable 
and the appropriate starting dose is 

4 mg/kg/day. Once efficacy has been 
clearly demonstrated, intravenous 
cyclosporine can be switched to oral 
cyclosporine by doubling the required 
intravenous dose. Drug doses should 
then be adjusted to therapeutic blood 
levels, which vary according to the 
method of measurement done at the 
individual centres. 

Hypertrichosis, gingival hyper
plasia, tremors and paresthesias are the 
most common side effects. Seizures af
ter intravenous cyclosporine admini
stration have been reported and may be 
a particular risk in patients with hypo
cholesterolemia (9). Nephrotoxicity 
may occur in an acute or chronic form 
and is particularly more common in pa
tients taking nephrotoxic drugs concur
rently. In more than 90% of patients, 
renal dysfunction will be reversible 
upon discontinuing the drug. However, 
irreversible diffuse interstitial fibrosis 
after prolonged use has been reported. 
Other reversible metabolic problems 
seen with cyclosporine use include hy
perkalemia, hyperuricemia and hepato
toxicity. There is a concern that the 
incidence of lymphoproliferative disor
ders and other malignancies is in
creased in patients using cyclosporine. 

METHOTREXATE 
Methotrexate is a folic acid antago

nist which has an inhibitory effect on 
proliferating cells, while sparing resting 
cells. In contrast to cyclosporine, moni
toring blood levels is not an important 
clinical consideration with metho
trexate. At oral doses of less than 30 
mg/m2

, methotrexate is nearly com
pletely absorbed from the gastrointesti
nal tract. 

Over the past two decades metho
trexate has gained widespread use in 
the treatment of several chronic in
flammatory conditions. Preliminary re
ports of open use of methotrexate in 
Crohn's disease have been quite prom
ising. The relapse rate is likely too high 
in patients with ulcerative colitis to 
make this a reasonable option for these 
patients. A recent Canadian multicen
tre randomized, placebo controlled trial 
of weekly intramuscular methotrexate 
(25 mg) in patients with Crohn's dis
ease revealed a significant benefit at 
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inducing remission over the 16 weeks 
of the trial ( 11 ). Methotrexate is effec
tive in approximately 40% of patients. 

Methotrexate should be considered 
as a second option after first consider
ing a purine analogue in patients with 
Crohn's disease who have failed to 
achieve remission after a prolonged 
therapeutic course or who have failed 
to withdraw from corticosteroids. 

Toxicity with methotrexate is mild 
in general, and includes transient se
rum tran aminase elevations, leuko
penia and rarely hypersensitivity 
pneumonitis. Pre-methotrexate percu
taneous liver biopsies in IBD patients 
are unnecessary unless they have ab
normal liver tests. 

HYDROXYCHLOROQUINE 
Chloroquine and hydroxychloro

quine, traditionally used as antimalari- · 
als, also have a role in the management 
of some chronic inflammatory disorders 
including systemic lupus and rheuma
toid arthritis. These agents inteifere 
with cellular antigen presentation by 
raising the pH within intracellular acid 
vesicles. Altered antigen presentation 
by intestinal epithelial cells can affect 
the type of immune effector cell that is 
stimulated (ie, T suppressor versus T 
helper cells). 

Clinically, hydroxychloroquine is 
favoured over chloroquine because of 
an improved safety profile particularly 
in relation to the potential for ocular 
tox1c1ty. Preliminary uncontrolled 
studies of chloroquine and hydroxy
chloroquine have been promising in 
patients with ulcerative colitis but dis
appointing in patients with Crohn's 
disease. Although hydroxychloroquine 
( 400 mg/day for six weeks) did not have 
a statistically significant therapeutic ef
fect compared with placebo in patients 
with ulcerative colitis, a substantial 
subset of patients appeared to undergo 
a striking remission. Another trial with 
a higher dose of hydroxychloroquine 
(800 mg/day) and for a longer period of 
treatment (eight weeks) is now under
way at the Mount Sinai Medical Cen
ter in New York. Its main advantage is 
its ease of administration and lack of 
serious toxicity. This agent would be a 
second choice in patients with therapy-
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resistant ulcerative colitis, after first 
con idering purine analogue therapy. 

NEWER AGENTS 
FK506 and rapamycin arc macrolide 

antibiotics that have a similar action to 
cyclosporine. These agents have been 
useful in solid organ tran plantati n 
and only recently have been considered 
for therapeutic studies in IBO. Newer 
corticosteroids arc also becoming avail
able that will have the same immuno
modulatory effect and anti-inflamma
tory acti n as prednisone but with 
reduced systemic toxicity. Budesonide 
is one such corticosteroid that is avail
able in enema form and studie with an 

ral agent have proven its efficacy in 
Crohn's disease. Other corticosteroid 
agents including deflazacort are cur
rently under investigation in patients 
with Crohn's disease. 
Monoclonal antibodies: As knowledge 
of cytokines and immune mediators im
proves, the cloning of the molecules 
and their receptors has made the devel
opment of very specific therapies possi
ble. An increasing variety of 
monoclonal antibodie that recognizes 
specific T cell surface determinants, 
complement receptors and adhesion 
molecule receptors have been used 
th rapeutically in experimental animal 
models of autoimmune disease and IBD. 

Pilot trials with monoclonal antibodies 
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