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ABSTRACT

During last years, treatment of IBD
evolved from a non-specific suppres -
sion of the mucosal immunological
response to a more specific interven -
tion in the immunocascade. While cor -
ticosteroids and aminosalicylates re -
main the mainstay of treatment, more
potent immunosuppressors like aza -
thioprine, methotrexate and cyclospor -
ine are used in corticodependent or
resistant patients. Safety profiles of
these drugs become better established.
The successful introduction of biologi -
cal therapies such as a chimeric mono -
clonal antibody against TNFa., opened
a new field of research and possibili -
ties. New humanized agents interfering
at several levels in the production of
cytokines are in development. More -
over, other pathways are focused like
signal transduction, adhesion of cells
to tissue, modulation of tissue architec -
ture, bacterial flora .... Challenges for
the next future remain the devel opment
of more effective and safe drugs, the
identification of target populations for
every drug , the study of the influence
of biological ther apies on natural his -
tory of the disease and finally the defi -
nite cure of the patient. An updated
review from current and future treat -
ment modalitiesis given.

Introduction

Crohn's disease and ulcerative colitis
are chronic inflammatory bowel dis-
eases (IBD) resulting from the interac-
tion between genetic susceptibility fac-
tors and microenvironment. The result
is an inappropriate immunologic re-
sponse leading to mucosal self-des-
truction. There is clear evidence for
activation of intestinal lymphocytes,
macrophages and other cells of the
immune system leading to an upregu-
lated immune response. The antigenic
trigger is unknown but is most likely a
common, non-pathogenic microbial
agent within the intestine againg which
patients mount an immune response.
Genetic determinants (ex. NOD2/
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CARD gene mutations and others) are
responsible for the inability to mount
an appropriate response against bacte-
rial lipopolysaccharides resulting in an
inappropriate and prolonged inflam-
mation.

Treatment is focused on the suppres-
sion of this immunocascade. During
last years a clear evolution is observed
from a non-specific suppression of dif-
ferent pathways to a more and more
specific intervention in the inflamma-
tory reaction by the introduction of
monoclona antibodies and other bio-
logical factors. Although the exact role
of these different molecules in the
treatment and the natural evolution of
the disease remains to be elucidated,
thisresearch is extremely existing and
promising. The ultimate goal of thera-
py isto interrupt definitely the cascade
and to cure the patient from hig/her dis-
ease.

Actual therapeutic modalitiesin
naive patients

The universal mainstay of treatment in
active disease remains conventional
corticosteroids (daily dose of 40 — 80
mg prednisolone or 10 mg/kg body
weight) inducing remission in 65 —
85% of the patients. However, their use
falls more and more in discredit be-
cause of the important side effects.
Although some effects are rather esthe-
tic and more or less reversible (moon
face - acne - striae) othersare clinically
more important and sometimes irre-
versible (osteoporosis - adrenal sup-
pression - diabetes). Active Crohn's
disease is aready known to be associ-
ated with osteopenia in 25-30% of the
patients at the time of diagnosis. Addi-
tional use of corticosteroids may ag-
gravate thisboneloss (1).

An aternative for conventional corti-
costeroids is the use of a new topicaly
active corticosteroid budesonide (Ento-
cort - Budenofak) (9 mg per day).
These preparations have a high affinity
for the mucosal corticoidsteroid recep-
tor associated with an important first-
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pass metabolism in the liver. They can
be presented to the mucosa in an oral
slow-release form or in a topical form.
It has been shown that 50% to 70% of
budesonide controlled ileal release is
absorbed in terminal ileum and ascend
ing colon and can induce remission in
53% of the patients (2). The major
advantage is the local effect, associated
with an important reduction in sys-
temic side-effects.

The role of aminosalicylates in the
induction of remission is more contro-
versial. Although some effects were
demonstrated in Crohn patients (3, 4),
results are not dramatic and drugs are
only advisable in very mild forms. In
contrast, in ulcerative colitis there is
good evidence that aminosalicylates
are very effective in mild to moderate
disease. Mesalazine administered oral-
ly and/or topically in doses ranging be-
tween 2 and 4 g per day induces remis-
sion in 60% of patients after 4 to 8
weeks of therapy (5). Complications
arerare,

Considerable efforts and research have
been centered on the maintenance of
remission. Meta-anadyses support the
role of aminosalicylates. These drugs
suppress the inflammation by severa
mechanisms such as inhibition of pro-
staglandins, leukotrienes, PAF produc-
tion, cytokine production such as IFNg
-IL1b - IL2r, inhibition of NFkB acti-
vation, scavenger of oxygen free radi-
cas. In ulcerative colitis, several ran-
domised trials demonstrated a benefi-
cial effect of mesalazine in the mainte-
nance of remission (6). However, the
optimal dose and formulation remain
unknown. In contrast, the effects of 5-
ASA preparations are not impressive in
Crohn’s disease (7). The mgjor advan-
tage of 5-ASA preparations is the very
low toxicity.

Conventional systemic corticosteroids
in the setting of maintenance therapy
for Crohn’'s disease do not appear to
reduce the risk of relapse over a 24
month period of follow-up according to
a meta-analysis published in Cochrane
review 2001. Only four studies were
digible for inclusion. The odds ratios
for relapse on active treatment were
respectively 0.71 - 0.82 and 0.72 at 6 -
12 and 24 months (8). Studies with

budesonide have neither shown any dif-
ference in relapse rate at 12 months
compared with placebo but may pro-
long the duration of remission after
succesful short term treatment (9,10).
Actual trend is the early use of thiop-
urine analogues (azathioprine and 6-
mercaptopuring) as maintenance thera-
py in patients with tendency to steroid-
dependence. These purine analogues
inhibit ribonucleotide synthesis com-
petitively and maintain remission in
64% of patients with quiescent Crohn’s
disease and 87% of patients with ulcer-
ative colitis (11). This efficacy is rea
sonably well sustained over 5 years.
General recommended daily doses are
2-25mg/kg of AZA or 1 - 1.5 mg/kg
6-MP. Allergic side effects including
pancreatitis, hepatitis, fever and rash
occur in about 5% of the patients. Neu-
tropenia and thrombocytopenia can
occur in 2 to 4% of patients even after
long-term requiring checking of blood
counts at regular intervals. Recent stud-
ies suggest that the level of active drug
metabolites rather than the actual 6-
MP/AZA doses is associated with a
therapeutic effect. AZA and 6-MP are
both inactive pro-drugs undergoing dif-
ferent metabolic transformations resul-
ting in the formation of several active
metabolites: 6-thioguanine nucleotides
(6-TGN) and 6-methylmercaptopurine
ribonucl eotides (6-MMPR).

Recent studies have shown that the red
blood cell 6-TGN level issignificantly
associated with clinical remission.
Optima response seems associated
with levels >235 pmol/8 x 10° (12).
However accumulation of 6-thiogua-
nine seems aso related to complica
tions like bone marrow suppression.
Moreover it has been demonstrated that
dose-escalation of 6-MP/AZA does not
always result in the attainment of opti-
mal 6-TGN production and clinical
response but rather results in the pro-
duction of the potentially hepato- and
hematotoxic 6-MMPR metabolites
identifying a subgroup of patients
resistant to these drugs (13). Interaction
with other drugs can also be important.
Inhibition of xanthine oxidase pathway
by allopurinol can lead to an accumula
tion of 6-MP and its active metabolites.
Finally, catabolism of 6-MP by thiop-
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urine methyltransferase enzyme (TPMT)
is subject to interindividua variations
and may also influence TGN levels.
An open label pilot study suggested a
beneficial effect of 6-thioguanine self
in treatment of CD resistant or intoler-
ant to 6 MP therapy but wait for larger
controlled trials (14).

On long-term increased risk of non-
Hodgkin lymphoma has been a con-
cern. Recently, Lewiset al. (15) showed
in a decision-analytic modd that AZA
increases quality-adjusted life for most
patients principally youngest patients,
and that the risk for non-Hodgkin lym-
phoma must increase to nearly 10-fold
in order to reduce the overall quality-
adjusted life expectancy.
Mycophenolate mofetil (2 g per day) is
another non-competitive inhibitor of
guanosin nucleotide synthesis and may
be considered as an aternative immun-
osuppressive therapy in CD patients
who do not tolerate azathioprine al-
though its efficacy was only demon-
strated in open trials (16) and not con-
firmed in arandomised trial (17).

Therapeutic modalitiesin cortico-
resistent and corticodependent
patients

The efficacy of the antifolate antime-
tabolite methotrexate in the treatment
of active Crohn’s disease was demon-
strated by Feagan et al. in 1995 (18) in
a placebo controlled trial using a dose
of 25 mg IM/ week. Significantly more
methotrexate treated patients were able
to withdrawn steroids and enter remis-
sion compared to placebo (39% versus
19% - p = 0.025). Recently, the same
group demonstrated in a multicenter,
placebo-controlled trial an advantage
of methotrexate in low dose (15 mg/
week) as maintenance therapy. In this
7-center study 76 chronically active
Crohn patients were included, al of
whom had already achieved successful
steroid-free remissions on 16-24 weeks
of methotrexate 25 mg IM per week.
Half of the placebo-treated patients had
already relapsed at 22 weeks, while
less than half of methotrexate treated
patients relapsed during the 40 week
study. By the end of the study, at week
40 remission rates with methotrexate
and placebo were respectively 65% and
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39% (p = 0.04). Fewer patients in the
methotrexate group required pred-
nisolone for relapse (19). Further sup-
port for the maintenance values of
methotrexate appears from an uncon-
trolled French study following patients
over a 3 years period (20). Side effects
include skin rash,leucopenia, thrombo-
cytopenia and a very rare but irrever-
sible alergic pneumonitis. Methotrex-
ate-induced hepatotoxicity has been
extensively investigated in patients
with psoriasis and rheumatoid arthritis,
but seems much less frequent in IBD
(20).

Immunomodulators like cyclosporin A
and tacrolimus (FK506) bind to extra-
cellular receptors capable to inhibit the
function of calcineurine. Thisresultsin
a blockade of genes involved in the
process of T cel activation like IL-2. In
ulcerative colitis, efficacy of intraven-
ous cyclosporine in doses of 4 mg/kg
per day has clearly been demonstrated
in steroid-refractory patients (22). Un-
controlled data suggest a similar role
for steroid refractory CD patients.
However, ameta-analysis of 4 random-
ized controlled trials failed to show a
therapeutic value in CD (23). Cyclo-
sporine has no role in the maintenance
therapy.

The greatest breakthrough in the treat-
ment of Crohn’s disease was the intro-
duction monoclonal antibodies directed
to the tumor necrosis factor (TNFa).
This cytokine is a pro-inflammatory
cytokine produced by activated macro-
phages, lymphocytes and natural killer
cells. It has humerous biologic activi-
ties in inflammation, proliferation and
differentiation. Infliximab, a chimeric
IgG1l monoclonal antibody against
TNFa, isthefirst drug used in the daily
clinical practice. A single infusion in
therapy refractory Crohn patients, re-
sulted inaclinical responserate of 65%
and remission rate of 33% at week 4
compared to respectively 17% and 4%
in placebo treated patients (24). Not
only symptom improvement but also
mucosal healing was shown (25).
Actually, multiple studies have been
published confirming this dramatic
effect in both active luminal disease
and fistulizing disease (26). The actual
recommended dose is 5 mg/kg used as

singleinfusionin luminal disease and 3
infusions in fistulizing disease. The
mean duration of response is 8 - 12
weeks. In a effort to assess mainte-
nance of remission, Rutgeerts et al.
(27) reported the results of a random-
ised double-blind multicenter, placebo
controlled trial of repeated infusions of
infliximab every 8 weeks. Although an
individual study patient who received a
single dose of infliximab had a 20%
chance of maintaining remission at
week 44, differences between retreat-
ment arm and placebo arm were statis-
tically significant for remission and
trended towards significance for clini-
cal response.

These findings were confirmed in a
large muticenter randomised interna-
tional trial (ACCENT |I) showing that
maintenance therapy with infliximab is
superior to asingle dose with respect to
clinical response and remission rates.
Retreatment every 8 weeks prolongs
remissions in patients with moderate to
severe Crohn's disease and is associat-
ed with a steroid sparing effect (28).
The introduction of anti-TNF in the
clinical practice was the start of a re-
vival of older therapeutic drugs. Thali-
domide has an innate but weak TNFa
inhibitory capacity and was proved
efficacious in open trials with steroid
dependent patients (29-30) (used dose:
50-300 mg/day). A significant response
was noted at 4 weeksin 58% of the pa-
tients associated with a significant re-
duction in use of corticosteroids. Thali-
domide was well tolerated despite mild
cases of drowsiness, neuropathy, der-
meatitis and oedema.

Emerging ther apies

Emerging therapies are more and more
focused on specific targets in the im-
munological pathways associated with
the intestinal inflammation. Many new
drugs have been studied during recent
years but the majority of published tri-
alswere not designed to assess efficacy
of these therapies but evaluated primar-
ily safety and tolerability. Larger more
powerful trials are actually ongoing to
establish a possible clinical efficacy.

A. Cytokines
The increased secretion of proinflam-

S-97

matory cytokines appearsto play acen-
tral rolein the initiation and the perpet-
uation of the inflammation. Therefore,
areduction of the production of TNFa
and IL-12 remains the primary goal of
treatment. However, the restoration of
the balans between pro- and anti-
inflammatory cytokines by the use of
IL-10 and IL-11 is another therapeutic
alternative.

TNFa reducing drugs

- FEtanercept is a genetically engi-
neered fusion protein consisting of 2
identical chains of the recombinant
human TNFreceptor-p75 monomer
fused with Fc-domain of human Ig,
binding and inactivating soluble and
membrane-bound TNF. In a recent
double-blind placebo-controlled tri-
a including 43 patients with moder -
ate to severe Crohn's disease, treat-
ment with 25 mg Etanercept subcu-
taneously twice weekly was safe but
not effective in inducing clinical re-
sponse at week 4 (31). Higher doses
or more frequent dosing may be
required to achieve aclinical effect.

- Humanised monoclona antibodies
against TNFa (CDP571 - CDP870)
have the potential advantage above
Infliximab to avoid the development
of neutralising antibodies responsi-
ble for delayed hypersensitivity and
a progressive decrease in drug ef-
fect. Two trials with CDP571 show-
ed efficacy and safety (32,33). Re-
sults with CDP870 will be provided
in the near future.

- p55 tumor necrosis factor binding
protein-1 (onercept) has been dem-
onstrated to be a safe and well toler-
ated molecule suitable for clinical
studiesin Crohn patients (34).

Other cdlular pathways as potentid tar-

getsintheinhibition of TNF production:

- inhibition of transcription factors
(NFkB). A recent study including a
systemic administration of an anti-
sense p65NFkB molecule evoked
dramatic side effects and seems not
suitable for clinical use.

- Inhibition of mitogen activated pro-
tein kinases (MAPKSs). These signal-
transducing enzymes regulate cellu-
lar processes like gene expression
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and cell proliferation. A small open
study with CNI-1493, inhibiting the
phosphorylation of INK, demonstra
ted a significant clinical benefit and
arapid endoscopic ulcer heding (35).
- Inhibition of matrix metalloprotein-
ase (MMP) responsible for TNFa
mediated tissue injury. A potential
pathway is the use of marimastat
with documented beneficial effects
in TNBSrats. Moreover MMP inhi -
bitors prevent the release of mature
TNFa from its precursor in leuko-

cytes.

Anti—{L12

IL-12 modulates T-cells to Thl pheno-
type and stimulates | FNg production by
fully differentiated T cells. Abundant
populations of 1L12 producing macro-
phages were found in lamina propria of
Crohn patients. In animal models, such
ascolitisin IL10" mice, anti-IL-12 de-
monstrated a beneficial effect on the
initiation of the colitis but had no role
in late colitis. No data are availablein
man.

IL-10

IL-10 inhibits activated Thl cells and
effector functions of activated macro-
phages and monocytes. Although the
use of anti-inflammatory cytokines is
very attractive, clinical studies are in-
conclusive. In an open study including
steroid-refractory patients, daily subcu-
taneously administrated IL-10 was
safe, well-tolerated and possibly effec-
tive (36). Another study including ster-
oid-naive patients showed similar re-
sults (37). However, a prospective mul-
ticentric double-blind placebo con-
trolled study including 329 refractory
CD patients failed to demonstrate a
clinical effect. Clinica improvement
occurred in 46% of IL-10 treated
patients and 27% of placebo treated
patients (38).

A very interesting approach is the use
of genetic manipulated bacterial strains
like lactoccus lactis producing IL-10
and providing alocal mucosal delivery
of the cytokine. A therapeutic and pre-
ventive effect was demonstrated in an
animal model of colitis with mices
treated with dextran sulfate sodium
(39).

IL-11

I1-11 isamesenchymally derived cyto-
kine with pleiotropic activities such as
inhition of TNFa —I1L1b —IL12 - IL6
and NO production by activated
macrophages. A randomized controlled
trial of recombinant human IL-11 in
148 patients with active Crohn's dis-
ease not receiving steroids has demon-
strate a clinical efficacy and very good
safety profile. Weekly subcutaneous
administration of rhulL-11 was associ-
ated with a trend toward decreased
mean per cent change in CDAI and a
significant greater rate of remission
(36.7% versus 16.3% with placebo at
week 6) (40).

B. Blocking leukocyte trafficking

A second possible therapeutic pathway
is the inhibiton of cell traffic between
blood circulation and mucosal tissue by
interference with specific adhesion
molecules.

Intracellular adhesion molecule 1
(ICAM-1)

ICAM-1 is atransmembrane glycopro-
tein expressed on vascular endothelial
cells, monocytes, macrophages, kera-
tinocytes and asubset of B and T célls.
It's major function is the facilitation of
the leucocyte emigration in response to
inflammatory stimuli. 1SIS 2302 is a
antisense oligonucleoctide inhibiting
cytokine induced ICAM-1 expression
and successfully used in a small con-
trolled trial with steroid treated pa-
tients. It has an effect in the induction
and preservation of the remission be-
neath a steroid sparing effect (41). This
clinical effect was not confirmed in a
recent large multicenter placebo con-
trolled trial including 75 steroid refrac-
tory patients (42). Only 2 treated
patients and no placebo-treated patients
were in steroid-free remission at week
14. A third trial including 300 patients
also failed to establish significance for
the induction of a steroid-free remis-
sion at week 14 (43).

Integrins

Integrins are glycoproteins widely ex-
pressed on leukocytes and important me-
diators of leukocyte migration across
vascular endothelium in intestinal mu-
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cosa. The a4 integrins usually exist in
combination with bl or b7 subunits
and interact with endothelia ligands
VCAM-1 and mucosal addressin cellu-
lar adhesion molecule (MAdCAM-1).
In a recent randomised placebo con-
trolled trial, a single infusion of 3 mg/
kg recombinant humanized monoclon-
al antibody to a4 integrin (natalizumab
— Antegren) administrated to 30 pa
tients with moderately active Crohn's
disease was well tolerated and effica-
cious although difference in efficacy
was not statistical significant (39% re-
mission at week 2 versus 8% in place-
bo-treated group) (44). Results of a
large multicenter randomised placebo
controlled trial including 248 patients
were presented in abstract form ,con-
firmed these results and will be pub-
lished soon.

C. Pro- and pre-biotics

Gut bacteriadirectly contribute to ener-
gy salvage and metabolic support of the
local mucosa. Bacterial products may
initiate or aggravate mucosa inflam-
mation. In IBD increased levels of mu-
cosa-associated bacteriae were report-
ed (45-46). It remains unsolved whe-
ther thisincludes novel adhesive bacte-
ria species or primary mucosal disorder
impairing the adhesion of adiversity of
bacterial species.

Manipulation of enteric microflora by
diet and microbial competition forms
the basis of emerging pre- and probiot-
ic thergpies (47). In a study including
32 patients, a combination of mesala
zine and Saccharomyces was more effi-
cient to sustain remission in CD at 6
months than mesalazine adone. These
preliminary results warrant additional
larger controlled trials but are encour-

aging (48).

Conclusions

With the advent of biological therapies,
the management of IBD has dramati-
cally changed during last years. In the
next future an acceleration in the intro-
duction of new agents can be expected.
Many trials are necessary to define the
efficacy and safety of these agents.
Economic constraints will force to tar-
get specific therapies to specific pa-
tients by the identification of specific
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genotypes and phenotypes associated
with optimum drug response. Actual
biological agents are focused on the
induction of remission of disease most-
ly in patients with active Crohn’s dis-
ease, unresponsive to or dependent of
corticosteroids.

No study evaluated the effect of treat-
ment on the natural evolution of the
disease. It remains unsolved whether it
is recommendable to start very early in
the course of the disease with aggres-
sive immunosuppressive therapy or
not.

Long-term maintenance of symptom-
free periods or definitively cure of the
disease remains avision for the future.
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