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nfliximab, the chimeric monoclonal immunoglobulin
Ig)G1 antibody to tumor necrosis factor (TNF) has
hanged our therapy of Crohn’s disease. Infliximab is
ndicated in refractory luminal and fistulizing Crohn’s
isease. In patients with luminal disease, a single intra-
enous (IV) dose of 5 mg/kg is efficacious; in fistulizing
isease, an IV loading therapy of 5 mg/kg at weeks 0, 2,
nd 6 is advocated. Because the majority of patients will
elapse if not re-treated, a long-term strategy is neces-
ary. The optimal long-term approach is systematic re-
reatment with 5 mg/kg every 8 weeks. Episodic therapy
n relapse also is possible but is less efficacious and
requently is associated with problems resulting
rom the formation of antibodies to infliximab (ATI). If
reatment is episodic, maintenance therapy with immu-
osuppression (azathioprine [AZA]/6-mercaptopurine
6-MP] or methotrexate) is mandatory. Trial data sug-
est that systematic maintenance with 8 weekly doses
f infliximab decreases the rate of complications, hos-
italizations, and surgeries. These effects probably are
chieved thanks to thorough healing of the bowel. Inflix-
mab also is indicated in treating corticosteroid-depen-
ent Crohn’s disease and extraintestinal manifestations
f Crohn’s disease. There are no data yet that support its
se as first-line therapy. The data in ulcerative colitis
UC) are conflicting and we should await the results of 2
arge controlled trials (ACT1 and ACT2) to position inflix-
mab in the treatment of UC. Other anti-TNF strategies
ave been less effective than infliximab in the treatment
f IBD until now. The results with thalidomide are prom-
sing but much more research into small molecules
nhibiting TNF and other proinflammatory cytokines is
ecessary. Safety problems with antibody treatment
ainly concern immunogenicity leading to infusion

eactions, loss of response, and serum sickness–like
elayed infusion reactions. The rate of opportunistic
nfections is increased mainly in patients treated con-
omitantly with immunosuppression. Other adverse
vents associated with anti-TNF strategies are demyeli-
ating disease and worsening of congestive heart fail-
re. Malignancy rates in patients treated with anti-TNF
trategies do not seem to be increased.

he advent of infliximab (Remicade; Centocor,
Malvern, PA) has greatly improved our treatment of

rohn’s disease. Crohn’s disease is a disabling bowel
isorder occurring mostly in young patients in early
dulthood, in the most productive period of their lives.
atients with Crohn’s disease experience a greatly de-
reased quality of life. Up to 70% of patients with
rohn’s disease undergo surgery and 30% undergo re-
eated resections. The disease also causes a great psycho-
ogic burden.

Our therapies frequently were deficient for induction
f remission as well as for maintenance of disease control
ntil the late 1990s when the first biological was intro-
uced in the clinic.
Glucocorticosteroids induce remission in 48% of pa-

ients and improve symptoms in another 32% within 30
ays of treatment start, whereas 20% of the patients are
esistant from onset.1 At 1 year, however, 45% of the
atients who experienced initial improvement became
lucocorticosteroid dependent. Faubion et al.2 confirmed
he limited efficacy of glucocorticosteroids for the treat-
ent of Crohn’s disease and described similar results for

lcerative colitis (UC). Relapse after weaning from glu-
ocorticosteroids in responders with Crohn’s disease oc-
urs early and continued therapy with glucocorticoste-
oids for 1 year after control of disease does not maintain
emission.3 Moreover, side effects of glucocorticosteroids
re important.

Before the era of biologicals and the widespread use of
mmunosuppressive agents only 42% of patients with
rohn’s disease overall were relapse free at 2 years after

nitial diagnosis, and 12% were relapse free after 10
ears. Ten percent of the patients had continuously active
isease at 2 years and 1% had continuously active disease
t 10 years.4

In patients with colorectal Crohn’s disease,5 the cu-
ulative risk for major surgery at 10 years after diagnosis

mounted to 49% and the risk for a permanent stoma
as 25%. When Lapidus et al.5 compared the cumulative

Abbreviations used in this paper: ATI, antibodies to infliximab; AZA,
zathioprine; CRP, C-reactive protein; IBDQ, Inflammatory Bowel Dis-
ase Questionnaire; IL, interleukin; RA, rheumatoid arthritis; 6-MP,
-mercaptopurine; TNF, tumor necrosis factor.
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requencies of surgery for the periods of diagnosis be-
ween 1960–1974 and 1975–1989 they found no sig-
ificant differences, clearly showing the lack of progress
n medical treatment of Crohn’s disease. Only patients
esponding to immunosuppression were well for long
eriods of time. However, these drugs act slowly6 and the
uccess rate of immunosuppression with azathioprine
AZA) or its metabolite 6-mercaptopurine (6-MP) for
aintenance is not completely clear. In the study by
andy et al.,7 42% of patients treated with AZA were in

emission at 15 months after induction with glucocorti-
osteroids as compared with only 7% in the placebo
roup. Patients controlled with AZA for at least 6
onths had a chance of relapse of 11% at 1 year, 22% at
years, and 32% at 5 years.8 Young women with long

elay in achieving remission are especially at risk for
elapse. Ten percent of the patients did not tolerate
ZA/6-MP. Therefore, it seems that immunosuppression
ith AZA/6-MP benefits no more than half of the pa-

ients refractory to or dependent on glucocorticosteroids,
ith a 5% to 10% relapse rate.
Methotrexate 25 mg/wk intramuscularly induced re-
ission at 12 weeks in 39% of patients with chronically

ctive disease despite at least 3 months of glucocortico-
teroids therapy and is an alternative for patients not
esponding to or intolerant of AZA/6-MP.9 Methotrexate
5 mg/wk intramuscularly maintained this remission in
5% of the patients in comparison with 39% given
lacebo.10

Chronic perianal fistulae greatly impair the quality of
ife in patients with Crohn’s disease. Response to anti-
iotics is mostly incomplete and transient. Less than half
f the patients respond to immunosuppression. For fis-
ula healing the mean time to response to 6-MP is 3.1
onths, with a maximal response at 8 months. A com-

lete response is observed in 31% of the patients.6 Severe
nal Crohn’s disease in nonresponders often leads to
tricture or incontinence caused by destruction of the
phincter apparatus, which may necessitate proctectomy,
olostomy, or ileostomy.

For patients in whom Crohn’s disease is not controlled
dequately with conventional therapy, for patients in
hom control of the disease is not maintained long term
n immunosuppression, and for patients with progres-
ion of perianal Crohn’s disease, infliximab is a very
mportant therapy. There is also evidence that infliximab

ay alter the course of Crohn’s disease long term. More-
ver, the spectrum of indications is broadening and
ncludes extraintestinal disease and potential indications
re first-line therapy in Crohn’s disease, UC, and refrac-
ory pouchitis.
Infliximab (Remicade, Centocor) is an intravenously
dministered chimeric monoclonal immunoglobulin (Ig)
1 antibody to tumor necrosis factor (TNF). It is com-
osed of human constant and murine variable regions.
In the United States, Remicade is approved for reduc-

ng signs and symptoms and inducing and maintaining
linical remission in patients with moderately to severely
ctive Crohn’s disease who have had an inadequate re-
ponse to conventional therapy. Remicade also is indi-
ated for reducing the number of draining enterocutane-
us and rectovaginal fistulas and maintaining fistula
losure in patients with fistulizing Crohn’s disease.

The Food and Drug Administration recommends a
ose of 5 mg/kg Remicade given as an induction regimen
t 0, 2, and 6 weeks, followed by a maintenance regimen
f 5 mg/kg every 8 weeks thereafter for the treatment of
oderately to severely active Crohn’s disease or fistuliz-

ng disease. For patients who respond and then lose their
esponse, consideration may be given for treatment with
0 mg/kg. Patients who do not respond by week 14 are
nlikely to respond with continued dosing and consid-
ration should be given to discontinue Remicade in these
atients.
In Europe, Remicade is approved for (1) the treatment

f severe active Crohn’s disease in patients who have not
esponded despite a full and adequate course of therapy
ith a corticosteroid and an immunosuppressant, or who

re intolerant to or have medical contraindications for
uch therapies; and (2) the treatment of fistulizing
rohn’s disease in patients who have not responded
espite a full and adequate course of therapy with con-
entional treatment (including antibiotics, drainage, and
mmunosuppressive therapy).

The Committee for Proprietary Medicinal Products
ecommendations for severe active Crohn’s disease are as
ollows: 5 mg/kg given as an intravenous infusion over a
-hour period. Available data do not support further
nfliximab treatment in patients not responding within 2
eeks to the initial infusion. In responding patients, the

lternative strategies for continued treatment are as fol-
ows: (1) maintenance therapy of additional infusions of

mg/kg at 2 and 6 weeks after the initial dose, fol-
owed-up by infusions every 8 weeks or (2) readminis-
ration of an infusion of 5 mg/kg if signs and symptoms
f the disease recurs.

For fistulizing Crohn’s disease, an initial 5-mg/kg
nfusion given over a 2-hour period is to be followed-up
ith additional 5-mg/kg infusion doses at 2 and 6 weeks

fter the first infusion. If a patient does not respond after
hese 3 doses, no additional treatment with infliximab
hould be given. In responding patients, the strategies
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or continued treatment are as follows: (1) additional
nfusions of 5 mg/kg every 8 weeks or (2) readministra-
ion if signs and symptoms recur followed-up by infu-
ions of 5 mg/kg every 8 weeks.

Infliximab: Mechanisms of Action

TNF-� is a key proinflammatory cytokine in
rohn’s disease and in other chronic inflammatory con-
itions including rheumatoid arthritis (RA) and psoria-
is. TNF-� is first produced as a 26-kilodalton trans-
embrane protein with an intracellular tail that is

leaved by the metalloproteinase TNF-� converting en-
yme and secreted as a 17-kilodalton soluble protein.
his form aggregates to form trimers that interact with
receptors to exert its action: the p55 TNF receptor 1

nd the p75 TNF receptor 2. TNF is produced mainly by
ctivated macrophages and T lymphocytes, among other
ells. TNF induces other proinflammatory cytokines in-
luding interleukin (IL)-1 and IL-6 and enhances leuko-
yte migration by inducing expression of adhesion mol-
cules by endothelial cells and leukocytes. TNF activates
eukocytes and induces acute-phase reactants and metal-
oproteinases. The number of TNF-producing cells is
reatly increased in the lamina propria in the bowel of
atients with Crohn’s disease11,12 and increased concen-
rations of TNF have been found in the stools of children
ith Crohn’s disease.13

Infliximab binds specifically to human TNF-� with an
ssociation constant of 1010 mol/L�1. Pharmacokinetics
f infliximab after intravenous (IV) infusion is character-
zed by a half-life of 9.5 days.14 A dose-dependent max-
mum serum concentration of infliximab is found and it
mounts to 118 �g/mL at a dose of 5 mg/kg after
ntravenous infusion. Clearance of infliximab from the
irculation is 9.8 mL/h. At week 12, infliximab levels are
o longer detectable (median concentration �0.1 �g/
L) with the 5 mg/kg dose but with a dose of 10 mg/kg

V therapeutic concentration is maintained for a longer
eriod. The exact level of infliximab needed to exert its
herapeutic effect has not been determined up until now.

dose of 1 mg/kg is not effective in Crohn’s disease and
dose of 3 mg/kg has not been tested.
In parallel with infliximab levels the serum levels of

NF paradoxically increase from low levels (5–25 pg/
L) before infliximab to levels as high 50 pg/mL at 72

ours. The TNF levels measured, however, are com-
lexed with infliximab and are not bioreactive.
The effect of infliximab on the acute-phase inflamma-

ory response in responders as assessed by C-reactive
rotein (CRP) and IL-6 levels is very rapid. CRP levels
nd IL-6 levels normalize at 2 weeks but start to increase
gain in a percentage of patients from week 8 on.

The mechanism of action of infliximab is not well
nderstood. Neutralization of soluble TNF is achieved
ith different anti-TNF antibodies including the hu-
anized IgG4 antibody CDP571 and the TNF-� neu-

ralizing chimeric fusion protein, etanercept, consisting
f the extracellular portion of the p75 TNF receptor
inked to the Fc domains of a type 1 human Ig (IgG1).
DP571 is less effective than infliximab in Crohn’s
isease15 and etanercept is not effective,16 showing that
ere neutralization of TNF is not the main therapeutic

ffect. Blockade of other proinflammatory signals or mol-
cules that are up-regulated by TNF-� also play a role.
fter IV infliximab administration, a clear increase of

ymphocyte and monocyte counts in the blood is ob-
erved accompanied by a decrease of neutrophils between

and 14 weeks after infusion, suggesting that this
nti-TNF strategy down-regulates expression of adhesion
olecules, resulting in decreased migration of these cells

o the target organ. In this respect the effect of infliximab
ay be compared with that of the anti-�4 integrin

ntibody, natalizumab17 (Antegren-Elan, Dublin, Ire-
and). A key effect of infliximab is the disappearance of
nflammatory cells from the previously inflamed bowel
ucosa. Immunohistochemical studies of the inflamed

owel mucosa before and 4 weeks after infliximab ad-
inistration showed a significant reduction in the num-

er of activated T cells in the lamina propria.18 The
ercentage of cells with positive stainings for intercellu-
ar adhesion molecule-1 and lymphocyte function–asso-
iated antigen 1 were decreased as well as the numbers of
h1 cells and TNF-�–positive monocytes and macro-
hages.
This effect of infliximab is achieved by lysis of inflam-
atory cells carrying membrane-bound TNF-�. The
ain mechanism probably is induction of apoptosis.

amina propria T cells from patients with Crohn’s dis-
ase are resistant to apoptosis. Lugering et al.19 showed
hat infliximab at therapeutic concentrations induced
poptosis of peripheral blood monocytes from healthy
olunteers and patients with Crohn’s disease in a dose-
ependent manner by activation of caspase-8, -9, and -3
n a Fas-independent manner. Monocyte apoptosis could
e shown in vivo as soon as 4 hours after treatment with
nfliximab. ten Hove et al.20 showed that infliximab
nduced apoptosis of lamina propria T cells in vivo and in
he CD3-/CD28-activated T-cell line (Jurkat cells). The
roup from Amsterdam expanded on these observations
nd showed that in contrast to etanercept, infliximab
inds to activated peripheral blood and lamina propria
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ells and induced apoptosis via activation of caspase 3.21

n contrast, Ringheam et al.22 could not show apoptosis
f monocytes by infliximab but pretreatment of mono-
ytes with infliximab resulted in a decreased production
f TNF and other proinflammatory cytokines on stimu-
ation with bacterial products. There are data that inflix-
mab also induces cell lysis through complement-
ependent cytotoxicity and antibody-dependent cellular
ytotoxicity.23 The relative contribution of each of these
echanisms of cell death to the lasting effect of inflix-

mab is not known.

Clinical Use of Infliximab in Crohn’s
Disease

The first patient with Crohn’s disease treated with
nfliximab was reported by Derkx et al.24 in 1993. Trials
ith this drug were then already ongoing in patients
ith RA.25 The dramatic effect of infliximab in a child
ith extremely severe Crohn’s disease led to an open

tudy confirming the beneficial effects of infliximab,
hich was called cA2 at the time.26 Because the devel-
pment of this therapy has been very rapid, infliximab
eached the U.S. market in 1998.

We discuss the present state of the use of infliximab in
nflammatory bowel diseases. The indications for inflix-
mab are summarized in Table 1 and contraindications
re summarized in Table 2.

Infliximab for Refractory Luminal
Crohn’s Disease
An intravenous infusion of infliximab over 2

ours is efficacious therapy for refractory luminal Crohn’s
isease. In the study by Targan et al.,27 50%–81%

able 1. Indications for Induction and Maintenance
Infliximab in Patients With IBD

Definite Potential No

efractory luminal
(including upper
gastrointestinal)
Crohn’s disease

teroid-dependent
Crohn’s disease

efractory fistulizing
Crohn’s disease

ystemic manifestations
of IBD

First-line therapy
UC
Indeterminate colitis
Refractory pouchitis
Primary sclerosing

cholangitis

Fibrostenosis only
Refractory anemia

Ankylosing spondylitis
and sacroiliitis

Pyoderma
gangrenosum

Chronic uveitis
Metastatic Crohn’s

disease
esponded to doses of 5, 10, or 20 mg/kg vs. 17% for
lacebo at 4 weeks and 33% of patients achieved remis-
ion vs. 4% for placebo. In the large (n � 573) ACCENT
trial,28 58% of patients responded by week 2 and 27%
f patients were in remission. At week 10, 69% re-
ponded and 42% reached remission in the loading-dose
roup. Although this loading dose of 3 infusions of 5
g/kg at 0, 2, and 6 weeks resulted in a significantly

igher response rate at 10 weeks (65% vs. 52%, P �
.035), a single infusion at baseline certainly can be used
ut most patients will need maintenance therapy with
nfliximab even if treated with concomitant immunosup-
ression. Without repeated therapy 37% of patients will
uffer relapse of their disease by 12 weeks.27

Although the Targan et al.27 and ACCENT I trials28

ave been criticized for the fact that not all patients
ncluded were truly refractory, this does not invalidate
he results. Some patients indeed had only failed 5-ami-
osalicylic acid and many were not managed optimally
ith immunosuppression. In these studies the dose of

oncomitant immunosuppression was kept stable during
he follow-up period. Subgroup analysis, based on clin-
cal parameters including concomitant therapy, did not
how significant differences between the groups as far as
esponse to treatment was concerned. In open cohort
tudies, however, it was shown clearly that patients using
mmunosuppressives had a better short-term response to
nfliximab.36–38

In the maintenance phase after the Targan trial,27

atients received 10 mg/kg infliximab every 8 weeks or
lacebo for 44 weeks with infusions at 0, 12, 20, 28, and
6 weeks. The interval for the prophylactic infusions of
weeks was chosen based on pharmacokinetics of inflix-

mab. At 1 year, 62% of the patients had maintained
esponse and 53% had maintained remission with re-
eated infliximab infusions of 10 mg/kg, whereas only
7% were still responding when receiving placebo with
0% still in remission (P � 0.013).

able 2. Contraindications for Infliximab Therapy

Definite Relative

ctive abscess Inefficacy
uspected active tuberculosis First infusion

ntestinal obstruction Subsequent infusions
ultiple sclerosis or optical

neuritis
Absence of inflammatory activity

lass III/IV congestive heart
failure

revious lymphoma
ncontrolled infusion reaction
ATI related
IgE mediated
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In the ACCENT I long-term maintenance trial, 2
ifferent analyses were performed. The placebo patients
nly received a 5 mg/kg infusion at week 0 and placebo
t 2, 6, 14, 22, 30, 38, and 46 weeks. The 5-mg/kg
roup received 5 mg/kg at week 0 as well as at each of
he other time points. The 10-mg/kg group received 5
g/kg at weeks 0, 2, and 6, and 10 mg/kg at weeks 14,

2, 30, 38, and 46.
The first analysis28 looked at the prespecified end-

oints being the proportion of patients who responded at
eek 2 and who were in remission (Crohn’s Disease
ctivity Index �150) at week 30 and the time to loss of

esponse up to week 54. Loss of response was defined as
Crohn’s Disease Activity Index of at least 175, with an

ncrease of at least 35% and a Crohn’s Disease Activity
ndex of at least 70 points more than the week 2 Crohn’s
isease Activity Index score for at least 2 consecutive

isits (�21 days). The data are summarized in Table 3.
ystematic maintenance with infliximab doubled the rate
f patients in remission at 1 year (42% vs. 21%) as
ompared with only induction with 5 mg/kg.

The second analysis40 looked at the outcome in all
atients, including nonresponders at 2 weeks and allow-
ng cross-over to higher doses (i.e., to episodic 5 mg/kg
n the placebo group, episodic step-up to 10 mg/kg in
he 5-mg/kg group, and 15 mg/kg in the 10-mg/kg
roup from 14 weeks on). Nearly half (49%) of the
atients in the placebo group had to cross-over to epi-
odic therapy with 5 mg/kg, compared with 30% in the
very 8 weeks 5-mg/kg group and 26% in the every 8
eeks 10-mg/kg group. Among patients who lost re-

ponse to 5 mg/kg or 10 mg/kg, approximately 80% to
0% re-established response by stepping up to 10 mg/kg
nd 15 mg/kg, respectively.

By using this flexible treatment regimen with the
ossibility for a step-up of dose the clinical remission and
esponse rates in the combined (5 and 10 mg/kg) sched-
led strategy groups (41% and 63%, respectively) were
ot significantly better than those in the episodic
-mg/kg strategy group (35% and 56%, respectively).

able 3. Efficacy of Maintenance With Every 8 Weeks Inflixim
Single 5-mg/kg Dose Followed by Placebo Infusions

Remission at
30 wk

nfliximab 5 mg/kg (n � 113) 39%
nfliximab 10 mg/kg (n � 112) 45%
nfliximab combined (n � 225) 42%a

lacebo (n � 110) 21%

OTE. Patients were censored when they failed treatment.
Statistically significant at the 1% level.
A significantly greater proportion of patients on ste-
oids at baseline (51% for all groups) and treated with
ystematic 5 mg/kg (44%) and 10 mg/kg (47%) of
nfliximab were able to stop glucocorticosteroids and
emain free from this drug than the proportion of pa-
ients treated episodically (29%).

The quality of life in patients with luminal disease in
he ACCENT I trial as measured by using the Inflam-
atory Bowel Disease Questionnaire (IBDQ) score was

ow at baseline, with a median of 126 for the episodic
roup, 126 for the 5-mg/kg maintenance group, and 131
or the 10-mg/kg group. Patients treated with induction
f 5 mg/kg of infliximab at 0, 2, and 6 weeks and then
nfliximab maintenance, allowing for a dose increase of 5
g/kg on relapse, displayed a significantly better quality

f life throughout the 54 weeks than patients treated
ith 5 mg/kg at baseline and episodic 5-mg/kg doses on

elapse thereafter. More than 50% of the patients in the
groups did not reach remission values (170) for IBDQ.
The groups in the ACCENT I study differed greatly

oncerning the amount of drug they received over the
ear of treatment. The patients in the group treated
pisodically received a median of 2.2 active infusions
ith a median total dose of 9.7 mg/kg. The patients

reated with a maintenance dose of 5 mg/kg received a
edian of 6.7 infusions and a median total dose of 40
g/kg, whereas the patients treated with a maintenance

ose of 10 mg/kg received a median of 6.8 infusions and
median total dose of 64.9 mg/kg.

The Long-Term Course of Luminal Crohn’s
Disease Treated With Infliximab

Besides the daily symptoms and decreased quality
f life, Crohn’s disease leads to complications including
trictures, abscesses, and fistulas. These complications
ecessitate admission to the hospital and surgeries and
ay lead to severe conditions such as short-bowel syn-

rome. It has been established that more than 60% of the
irect costs of Crohn’s disease therapy result from hos-
italizations and surgeries. Moreover, indirect costs as a

mg/kg, 10 mg/kg After a Loading Dose Compared With a
lysis of Primary Endpoints

Median time to relapse
(wk–interquartile range)

Discontinued GCS
and remission

38 (15 to �54)
�54 (21 to �54)

46 (17 to �54)a 29%a

19 (10–45) 5%
ab 5
: Ana
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onsequence of incapacity to work also are considerable.
n the ACCENT I study, significantly fewer Crohn’s
isease–related hospitalizations occurred in patients in
he infliximab 5- and 10-mg/kg scheduled maintenance
reatment groups (23 and 24 hospitalizations per 100
atients, respectively) compared with 38 hospitalizations
er 100 patients in the group treated with episodic
herapy (P � 0.014). Moreover, a significantly lower
roportion of patients in the 5- and 10-mg/kg scheduled
aintenance groups underwent Crohn’s disease–related

ntra-abdominal surgeries (2.9%) as compared with pa-
ients treated on an episodic basis with 5 mg/kg (7.4%;
� 0.01).40

The complications of Crohn’s disease occur predomi-
antly as a consequence of inflammation and tissue dam-
ge in the gut; therefore, it can be hypothesized that
ealing of the bowel will result in less complications. In
n endoscopic substudy of the Targan trial27 it was
hown that substantial healing of the bowel occurred in
arallel with clinical improvement already within 4
eeks of infusion of infliximab.41 The ACCENT I trial

lso included an endoscopic healing substudy.40 Of 99
atients included in that study, 81 (82%) had colonic
lcers (the other patients had only small-bowel involve-
ent) and 74 patients underwent follow-up colonoscopy

t 10 weeks, and 58 patients underwent follow-up
olonoscopy at week 54, and 36 patients underwent
ollow-up colonoscopy at both 10 and 54 weeks. At 1
ear, 44% of patients treated with maintenance inflix-
mab with access to dose increase had complete mucosal
owel healing (disappearance of all ulcers) as compared
ith 18% of patients treated with episodic 5 mg/kg of

nfliximab (P � 0.041). The healing rates at 10 and 54
eeks were 25% and 0%, respectively. Patients with

omplete persistent healing did not require any hospi-
alizations or surgery.

Infliximab in Fistulizing Crohn’s
Disease
In fistulizing Crohn’s disease a series of 3 infu-

ions with 5 mg/kg of infliximab at weeks 0, 2, and 6
esulted in a response (�50% reduction of draining
stulas) at 2 consecutive evaluations in 68% of patients
reated with 5 mg/kg, in 56% of patients treated with 10
g/kg, and complete cessation of drainage in 55% and

8% of the patients, respectively.42 The placebo response
ate was 26% and complete response occurred in 13%.
he median time to relapse was 12 weeks in the Present
t al. study,42 showing that maintenance therapy is nec-
ssary in the majority of patients. In this study the
aximal effect of the drug was already achieved by week
before the third infusion, suggesting that the loading
chedule may not be necessary for induction.

In the ACCENT II study,43 responders to a loading
ose of 5 mg/kg at weeks 0, 2, and 6 (195/282, 69%)
ere randomized at 14 weeks to 8 weekly infusions of 5
g/kg of infliximab or placebo. The time to loss of

esponse was significantly longer for patients who re-
eived infliximab maintenance (�40 wk) as compared
ith those who received placebo maintenance (14 wk,
� 0.001). At week 54, 19% of placebo maintenance

atients had complete absence of draining fistulas com-
ared with 36% of infliximab maintenance patients (P �
.009).
At week 54 the proportion of patients who maintained

response was 23% on placebo and 46% on infliximab
aintenance (P � 0.001). A total of 61% of the patients
ho crossed over from placebo to infliximab 5 mg/kg and

rom 5 to 10 mg/kg because of loss of response re-
stablished fistula response.

The quality of life of patients with fistulizing Crohn’s
isease as measured using the IBDQ score at baseline was
ot greatly diminished (median � 167 for the episodic
roup, median � 155 for the systematic maintenance
roup). The IBDQ probably is not the best instrument to
ick up the burden of chronic fistulizing Crohn’s disease.
he median changes from baseline IBDQ at 54 weeks
ere 5 in the placebo maintenance arm and 10 in the

nfliximab maintenance patients.

The Long-Term Course of Fistulizing Crohn’s
Disease Treated With Infliximab

In the ACCENT II study, maintenance with 5
g/kg infliximab 8 times weekly was associated with a

ignificant decrease in hospitalizations and Crohn’s dis-
ase–related surgeries but the exact data have not yet
een published.
The correlate of mucosal healing in luminal Crohn’s

isease is the disappearance of internal fistula tracks
uring therapy. This seems difficult to achieve.

Healing of the fistula tracks during therapy with
nfliximab has been studied with magnetic resonance
maging44,45 and endoscopic ultrasonography.46 Van
ssche et al.44 reported that active inflammation associ-

ted with fistula tracks improved greatly short term but
hat fistula tracks persisted long term with varying de-
rees of residual inflammation in patients treated episod-
cally with infliximab for perianal fistulizing disease.
imilar findings were reported by Bell et al.45 Both
tudies also showed that magnetic resonance imaging
dentified clinically silent sepsis, which may lead to
linical abscesses during therapy. Magnetic resonance
maging follow-up studies long term should be per-
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ormed in patients treated systematically with infliximab
o investigate whether complete healing of fistula can be
chieved and whether this therapy changes the outcome
f fistulizing disease long term.

There is little evidence for the efficacy of infliximab for
losing rectovaginal fistulas. In an open study from Cal-
ary, the presence of a rectovaginal fistula was a poor
rognostic indicator for successful infliximab therapy.47

Predictors for Response to Infliximab

Infusion of infliximab 5 mg/kg has a dramatic
ffect in the majority of patients with refractory luminal
nd fistulizing Crohn’s disease. About 30% of the pa-
ients with refractory Crohn’s disease consistently have
een found to be resistant to infliximab therapy. More-
ver, not all other patients are full responders. It is
mportant to find good predictors to select suitable can-
idates for this treatment and to avoid exposure and
ossible toxicity in patients who will not benefit from
his expensive therapy. The reason for this resistance has
ot been elucidated. Moreover, there is a loss of response
o repeated infliximab infusions in a proportion of pa-
ients, which seems unrelated to the immunogenicity
ssociated with the chimeric antibody. Clear risk factors
redicting outcome of infliximab therapy have not been
dentified, although some interesting data have emerged.

The data are summarized in Table 4. Infliximab works
est in patients with biologically active inflammation as
itnessed by increased CRP levels.48 Patients with non-

tricturing disease49 who are treated with immunosup-
ression36–38 are most likely to respond. The role of
moking as a predictor for disease more refractory to
nfliximab seems to be confirmed.37,38 Other clinical
arameters are more controversial but 2 studies suggest
hat colonic disease responds better to infliximab.36,38 It
eems that children with early Crohn’s disease have a
igher chance of prolonged response to infliximab than
hildren with long-standing Crohn’s disease.50 Besides
RP levels other biomarkers have not been identified
learly as predictors of response to infliximab.51–56

Antibodies to Infliximab

Infliximab is a chimeric antibody and is associated
ith the formation of antibodies to infliximab (ATI),

able 4. Predictors of Response to Infliximab

Clinical

onfirmed Nonsmoking, concomitant immunosuppression, n
stricturing

ot confirmed Young age, early age onset, short duration, colon
disease, no rectovaginal fistula

o impact Severity, previous therapies, previous resections
ormerly called human antichimeric antibodies. The degree
f immunogenicity of the antibody is still a matter of
ebate. The detection of antibodies depends on the sen-
itivity and on the specifications of the assay used, and
he timing of measurement of the antibodies. With the
resent assays, ATI cannot be measured as long as in-
iximab is present in the serum of the patient.
Centocor uses a double-antigen enzyme immunoassay

n which infliximab serves as detection and capture re-
gent for the detection of antibodies to infliximab, al-
owing for detection of all immunoglobulin isotypes and
ubclasses. Dilutions are reported and not actual concen-
rations.

In the episodic re-treatment arm of the ACCENT I
tudy40 the cumulative incidence of antibodies to inflix-
mab as measured with this assay amounted to 30%
hrough 72 weeks, which was significantly higher than
he 10% and 7% in the group of patients treated with 8
eekly systematic treatment with 5 mg/kg or 10 mg/kg

nfliximab infusion, respectively.
In the episodic treatment arm, antibodies to inflix-

mab were associated with a more rapid reduction in
erum infliximab concentrations from postinfusion peak
evels and a reduction in the magnitude and duration of
linical response. The presence of antibodies to inflix-
mab was associated with an increased rate of infusion
eactions and serum sickness–like reactions. However, in
he overall population of the trial, similar proportions of
ntibody-positive, antibody-negative, and inconclusive
atients achieved clinical response (64%, 62%, and 65%,
espectively) and clinical remission (41%, 39%, and
8%, respectively) at 54 weeks.
In open cohorts of patients treated with infliximab in

n episodic on flare manner the formation of antibodies
o infliximab was found to be an important clinical
roblem.
Baert et al.57 detected antibodies to infliximab in 38 of

25 (61%) patients treated on flare and Farrell et al.58

eported ATI in 19 of 53 patients (36%) treated also on
n on-demand basis. Both investigators used the
rometheus assay. This assay is a microplate enzyme-

inked immunosorbent assay based on the double-anti-
en format in which infliximab is used both during the

Genetic Other

Increased CRP levels

LTA haplotype
FcGR III a polymorphism

ASCA/pANCA status

TNF and TNF receptor polymorphisms,
NOD2/CARD15
o

ic
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olid phase to capture antibodies against infliximab and
uring the biotinylated detection phase with Neutravi-
in-horseradish peroxidase. The value is reported in mi-
rograms per milliliter on the basis of calibrations made
ith affinity-purified polyclonal rabbit anti-mouse IgG
(ab�).

In the studies by Baert et al.57 and Farrell et al.58 it
as shown clearly that the formation of antibodies to

nfliximab was associated with the occurrence of infusion
eactions and with a shortened duration of response. The
ormation of ATI was decreased by concomitant therapy
ith immunosuppressants.
Baert et al.57 were able to determine a cut-off value of
�g/mL for ATI predicting the impact on the key

linical parameters. Patients with antibody titers of 8
g/mL or greater (37%) had more infusion reactions,
ecreased response duration, and decreased levels of in-
iximab 4 weeks postinfusion. Farrell et al.58 showed
hat patients receiving prophylactic IV hydrocortisone
00 mg before the first and subsequent infusions of
nfliximab had lower ATI levels than patients who re-
eived placebo prophylaxis.

When infliximab was administered systematically ev-
ry 8 weeks the negative effects of antibodies to inflix-
mab were counteracted because of the excess of drug
ver antibodies to infliximab. It is not clear whether
ystematic re-treatment really suppresses the formation
f antibodies to infliximab. However, this regimen also
as drawbacks. Once started, how long should the ther-
py be continued systematically? What will happen if
herapy is discontinued because of intercurrent illnesses
r bowel surgery for Crohn’s disease?

Optimizing Therapy With Infliximab

For (induction) control of luminal disease, one 5
g/kg IV infusion is efficacious, although a 3-dose in-

uction regimen with IV infusion of 5 mg/kg infliximab
t 0, 2, and 6 weeks is somewhat more efficacious. The
esponse rates to these regimens are better when the
atients are treated with the correct dose of AZA or
ethotrexate at the start of infliximab treatment. The

dds ratio to response was 2.7 (95% confidence interval:
.43–5.01) in the large cohort by Vermeire et al.,36 7.3
95% confidence interval: 3.3–10.3) in the study by
rnott et al.38 for patients taking immunosuppression.
lso in the cohort of Parsi et al.,37 74% of patients on

mmunosuppressive therapy responded to infliximab
ompared with 39% of those not on immunosuppressive
herapy (P � 0.007). Infliximab can be used in different
ettings long term. These include infliximab every 8
eeks maintenance as monotherapy, infliximab every 8
eeks combined with immunosuppression maintenance,
nfliximab episodic with immunosuppression mainte-
ance, and infliximab as a bridge for immunosuppres-
ion.

The optimal approach is maintenance with infliximab.
f infliximab monotherapy maintenance is used every 8
eeks then infusion of 5 mg/kg is needed with step-up

o 10 mg/kg if there is a loss of response. If patients
elapse earlier than 8 weeks then the interval must be
hortened. It is not clear whether it is beneficial to
ombine these infusions with maintenance immunosup-
ression, especially if the patients had failed this therapy
reviously. More prospective data are needed to answer
his question. If for reasons of limited access or cost issues
nfliximab is used episodically on flare, it is mandatory to
se concomitant immunosuppression with AZA (2–2.5
g/kg/day), 6-MP (1–1.5 mg/kg/day), or methotrexate

5 mg per week intramuscularly or subcutaneously in
herapeutic doses to decrease the clinical consequences of
mmunogenicity of the chimeric antibodies. Moreover,
rophylaxis with hydrocortisone before each infusion of
nfliximab also will decrease the formation of antibodies
o infliximab. When the quality of response or the re-
ponse duration to infliximab infusion decreases this will
e caused by high titers of antibodies to infliximab with
ormation of complexes and early elimination. Increase of
he dose administered to 10 mg/kg may restore the
fficacy of the drug.

After a drug-free interval of more than 14 weeks,
rophylaxis with hydrocortisone before infliximab infu-
ion is recommended to avoid infusion reactions. One
hould be prepared to treat a delayed hypersensitivity
eaction with a high dose (40–60 mg/day) of oral pred-
isone. Patients who have already suffered such reactions
hould receive prophylaxis and prolonged glucocortico-
teroid treatment. The advantages and disadvantages of
ystematic maintenance treatment vs. episodic treatment
re summarized in Table 5.

Episodic infusions of infliximab sometimes is preferred
hen this therapy is used as a bridge to allow immuno-

uppression to kick in. It can be expected that 2–3
nfusions will be needed to do the job.

The GETAID (Groupe d’Etude Thérapeutique des
ffections Inflammatoires Digestives) group59 is investi-
ating the potential of infliximab as a bridge to immu-
osuppression. Lemann et al.59 were not able to show this
ridge effect in patients with steroid dependence for
ore than 6 months. Patients treated with infliximab at

, 2, and 6 weeks and AZA or 6-MP continued to do
etter than patients treated with placebo and AZA or
-MP through 6 months. The rates for remission and off
teroids were 83% (infliximab) vs. 41% (placebo) (P �
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.009) for patients naive to immunosuppression and
4% (infliximab) vs. 34% (placebo) (P � 0.03) for
atients who failed immunosuppression at 12 weeks, and
3% (infliximab) vs. 32% (placebo) (P � 0.02) and 50%
infliximab) vs. 26% (placebo) (P � 0.08), respectively,
t 24 weeks.

For fistulizing Crohn’s disease we would advise always
sing systematic 8-week re-treatment with 5 mg/kg after
loading dose at 0, 2, and 6 weeks. Fistula healing is

low and often incomplete as witnessed by magnetic
esonance imaging monitoring studies. Even with sys-
ematic reinfusion, response to infliximab often is lost
nd dose escalations turned out to be necessary. Fistuliz-
ng disease, especially perianal disease, necessitates a
edical-surgical approach. Many patients will need

rainage of abscesses, placement of setons, fistulotomy,
dvancement flap plasty, and sphincter repair. If setons
re in place they should be kept until the first infusions
ave been administered and then can be removed when
aintenance therapy is performed. Unfortunately, a pro-

ortion of patients still will undergo proctectomy with
efinitive stoma.
The cost of biological therapies is high. Infliximab and

ther anti-TNF antibodies are expensive drugs. More-
ver, IV administration is associated with the additional
ost of setting up infusion units and for specialized
urses. One way to control costs is by reserving this
herapy for patients who have failed conventional immu-
osuppression. In Europe this is the recommendation
nd in most European countries the drug is refunded
nly under this condition. In the United States the drug
s used much more liberally.

able 5. Long-Term Treatment Strategies for Treatment of
Patients With Crohn’s Disease With Infliximab

Episodic therapy
Systematic maintenance

therapy

dvantages Advantages
Room for other therapies Higher efficacy
Flexibility No decrease in treatment

effect
Lower cost Standardized

Decreases immunogenicity
effects

Complete bowel healing
possible

Altering of natural history?
Monotherapy possible

isadvantages Disadvantages
Impact of immunogenicity Need for dose increase?
Periods of disease activity Infliximab: forever and

ever?
Immunosuppression mandatory High cost
Only temporary healing
The cost also can be decreased by using episodic
herapy rather than systematic maintenance therapy after
nduction of response or remission. In the ACCENT I
tudy it was shown that at the end of the study at 54
eeks the differences in response and remission rates
ere not significantly different for patients treated epi-

odically with infliximab 5 mg/kg as compared with
atients treated systematically with 5 mg/kg or 10
g/kg every 8 weeks. The total amount of drug admin-

stered over 1 year was on average 4 times higher for
ystematic 5 mg/kg maintenance and 6–7 times higher
or systematic 10 mg/kg maintenance 8 times/wk as
ompared with episodic therapy.

We then can calculate the raw total cost for the drug
nd infusions for the different strategies in the ACCENT
study based on Medicare payment rates including a
.S. $150 cost per infusion and U.S. $650 per 100 mg

f infliximab. For episodic therapy the average raw cost
an be estimated to be U.S. $3900 over 1 year for a
atient of 50 kg and U.S. $6000 for a patient weighing
0 kg. For the systematic 5 mg/kg regimen with step up
o 10 mg/kg on loss of response these costs can be
stimated to be U.S. $11,800 and 18,400, respectively,
nd for the 10 mg/kg maintenance regimen with step up
o 15 mg/kg on loss of response the costs can be esti-
ated to be about U.S. $23,120 and 36,380, respec-

ively. The average cost to the patient or the insurer may
e 1.5–2.0 times the wholesale cost.
The wide range of costs is a consequence of the way the

rotocol of the ACCENT I study was designed. Cost is
n important issue that should be taken into account
ith any therapy. In assessing cost, however, one must

onsider not only the cost of the therapy itself, but also
he therapy’s impact on other drivers of cost, both in
erms of direct medical costs and indirect effects of the
isease on a patient’s ability to be a productive member
f society. In moderate-to-severe Crohn’s disease, the
argest driver of direct cost is hospitalizations and sur-
eries. Feagan et al.60 found that 56% of the cost of
aring for such patients is derived from hospitalizations
ompared with only 4% for medications. It has been
eported that the mean reimbursements for a Crohn’s
isease hospitalization in the United States totals almost
22,000.61 With regard to infliximab, a recent analysis
f the data from the ACCENT I study showed that
aintenance therapy with this drug was associated with

pproximately half of the hospitalizations and surgeries
hat occurred in patients treated with episodic therapy. A
revious retrospective analysis from the University of
hicago showed a 66% reduction in emergency room
isits, a 43% reduction in endoscopies, a 12% reduction
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n radiology studies, and a 16% reduction in outpatient
isits after patients began infliximab therapy.62 Such
eductions in the use of health care resources can be
xpected to result in substantial cost savings that offset
he cost of maintenance infliximab therapy. In this re-
ard, Jewell et al.63 from Oxford recently showed in a
rospective study that after adjustment for savings de-
ived from reduced hospital days, the average direct costs
er patient for the 6 months after beginning infliximab
as £807 and concluded “infliximab is cost-effective for
rohn’s disease.” In a separate analysis, Wong et al.64

ecently used Markov modeling on ACCENT I data to
xtrapolate lifetime direct costs of caring for a Crohn’s
isease patient with different strategies and determined
hat a regimen of infliximab at a dose of 5 mg/kg every
weeks would be expected to result in a net cost savings

ver the lifetime of a patient. Thus, a substantial amount
f the cost of biologic therapies may be balanced by
avings in other direct medical costs. Additional savings
ay be derived from indirect costs (e.g., work attendance

nd productivity), which have been shown to be an even
ore significant cost driver in Crohn’s disease, probably

ccounting for twice the amount of direct costs in this
isease.65 It has been difficult to quantify this type of
ndirect cost, but there is no question that the economic
mpact of an individual’s being able to return to produc-
ive work can go a long way toward offsetting the cost of
ven a very expensive therapy. Clearly, pharmacoeco-
omic issues are quite complex and must take into
ccount many different variables. Further rigorous anal-
ses are needed before we will be able to accurately assess
he true cost (or savings) brought about by biologic
herapies in Crohn’s disease.

How Long Should We Continue Infliximab
Therapy?

There is no controlled study data beyond 1 year
ut experienced centers already have many patients who
ave been treated with infliximab for many years. We
eel that when the treatment goal is reached in a patient
e.g., the discontinuation of glucocorticosteroids with
aintained remission or complete external healing of

stulas), one can try to discontinue infliximab and con-
inue immunosuppression and see whether the disease
tays in remission. If the disease relapses, 8 weekly doses
f infliximab or episodic therapy can be resumed.

A placebo-controlled infliximab discontinuation study
hould supply us with important answers to this impor-
ant question.
Infliximab for UC and Indeterminate Colitis

In Crohn’s disease the inflammatory response is
haracterized by the presence of T-helper 1 cytokines
ncluding IL-12, interferon-�, and TNF, whereas in UC
here seems to be an excess of T-helper 2 cytokines
ncluding IL-5 and IL-13, whereas IL-12 is lacking.
owever, interferon-� is also abundantly present as well

s TNF. In UC the presence of IgG plasma cells is
emarkable and IgG1 colocalizing with complement C3b
an be visualized on the surface of the epithelial cells.

Besides the IgG response, the presence of auto-anti-
odies to the perinuclear component of neutrophils and
pithelial tropomyosin as well as the association with
rimary sclerosing cholangitis are suggestive of anti-
ody-mediated autoimmunity.
Studies on the use of the monoclonal chimeric IgG1
onoclonal antibody to TNF, infliximab, in UC are

carce and the data are conflicting. Moreover, most stud-
es are uncontrolled. Many systemically acting drugs that
ork in Crohn’s disease (e.g., glucocorticosteroids, im-
unosuppressive drugs) also are efficacious in UC.
herefore, it was logical to investigate TNF blockade for

he treatment of UC.
A first report by Chey66 on the effect of infliximab in

6 patients with severely active UC refractory to con-
entional therapy was very provocative. He reported an
8% response rate to infliximab 5 mg/kg clinically,
ndoscopically, and histologically. Colectomy was
voided in 6 of 7 surgical candidates. Clinical remission
as maintained in 14 patients for at least 4 months and

n 4 patients for at least 7 months, 6 patients received a
econd infusion 5 months after the first infusion. With-
rawal of glucocorticosteroid therapy was possible in
ost patients.
The data published by Su et al.67 on a multicenter U.S.

xperience were less dramatic. Of 27 patients with active
C treated with 5 mg/kg infliximab, 12 patients (44%)

chieved remission and 6 (22%) had a partial response. In
his series fewer patients who were steroid refractory
33%) responded as compared with steroid-responsive
atients (83%). Two placebo-controlled trials on the use
f infliximab in severe glucocorticosteroid-resistant UC
ere published. Both studies suffered from small size and

ack of statistical power. In the study by Sands et al.,68 4
f 8 patients (50%) treated with infliximab responded at

weeks and none of the 3 placebo-treated patients
esponded.

In the study by Probert et al.,69 remission was
chieved with infliximab in 3 of 23 (13%) patients with
teroid-refractory UC and in 1 of 19 (5%) patients
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May 2004 TNF BLOCKADE IN IBD 1603
reated with placebo at 2 weeks, and the rates were 39%
nd 30%, respectively, at 6 weeks (NS). These 2 studies
o not seem to support the use of infliximab in the
anagement of glucocorticosteroid-refractory UC.
In a recent randomized study reported only in abstract

orm, Ochsenkuhn et al.70 investigated the efficacy of
nfliximab 5 mg/kg at weeks 0, 2, and 6 to induce
emission in patients with acute severe UC not refractory
o glucocorticosteroids in comparison with high doses of
lucocorticosteroids (1.5 mg/kg). Only 13 (6 received
nfliximab and 7 prednisolone) patients were included in
his study. Five of 6 patients responded to infliximab and
of 7 responded to prednisolone at 3 and 13 weeks.
Definitive evidence for the role (or no role) of inflix-

mab in the treatment of UC will be offered by the 2
arge, ongoing, placebo-controlled, clinical trials ACT 1
nd ACT 2.

Data also are scarce for treatment of indeterminate
olitis with infliximab. In a retrospective, multicenter,
rench study71 the response rate to infliximab in 11
atients with active indeterminate colitis was 50% at day
and only 30% at 4 weeks. In this study, 16 of 18

atients (89%) with UC responded at day 7 with com-
lete remission in 50% and a response rate of 61% at 4
eeks. This study suggests that patients with indeter-
inate colitis are more refractory to infliximab. The

esults of an open retrospective study reported by Pa-
adakis et al.72 of infliximab treatment in medically
efractory indeterminate colitis were, however, much
etter. Fourteen of 20 patients (70%) had a complete
esponse to infliximab 5 mg/kg and 2 patients had a
artial response. Four of the 14 responders had to step up
o 10 mg/kg of infliximab because of attenuation of the
esponse to 5 mg/kg. It was striking that 10 patients
ho were in the course of follow-up were reclassified as
rohn’s disease and 2 as UC.

Anti-TNF Therapy for Systemic
Manifestations of IBD

Extraintestinal manifestations occur in up to 40%
f patients with IBD. These include mainly skin lesions,
ye disease, joint manifestations, and primary sclerosing
holangitis. Many case reports and small series have been
ublished on the use of infliximab for treating extrain-
estinal manifestations of IBD. Controlled studies are
ostly lacking. Regueiro et al.73 reported on successful

reatment of medically refractory pyoderma gangreno-
um in 13 patients with IBD. Therapy was efficacious
rrespective of the nature of the underlying bowel dis-
ase. This is confirmed for all other systemic manifesta-
ions of IBD. Moreover, infliximab is efficacious in these
isorders also when there is no underlying IBD. Inflix-
mab also seems efficacious for the management of peris-
omal pyoderma gangrenosum, a particularly disabling
omplication of Crohn’s disease and UC.74

Eye abnormalities associated with IBD are episcleritis,
cleritis, and uveitis. Uveitis associated with Crohn’s
isease or UC predominantly is bilateral, posterior, in-
idious in onset, but chronic in duration. This contrasts
ith the uveitis associated with spondylarthropathy,
hich is mostly anterior, unilateral, sudden in onset, and

imited in duration.75 Infliximab is efficacious for treat-
ng both types of uveitis.76,77 Also, etanercept has been
eported to be efficacious in chronic active uveitis asso-
iated with juvenile-onset RA.78

The spectrum of joint disorders associated with IBD
ncludes peripheral arthropathy, which evolves in parallel
ith the activity of the bowel disease and sacroiliitis or

nkylosing spondylitis, which, although associated with
BD, has a rather independent course. Infliximab relieves
eripheral joint problems together with the bowel symp-
oms. Axial manifestations or spondylarthropathy asso-
iated with Crohn’s disease respond well to infliximab.79

oreover, both infliximab and etanercept are very effi-
acious in improving disease activity, functional indices,
nd quality of life in patients with active ankylosing
pondylitis.80–82 There are also data suggesting that
hese strategies prevent functional loss and progress of
pine lesions. At present, there are no data available on
reatment of primary sclerosing cholangitis with anti-
NF strategies.

Other Anti-TNF Strategies

Infliximab has its established efficacy and safety
rofile and is the standard to which all other strategies
re compared. At present, other antibodies to TNF and
eceptor proteins are investigated as well as small mole-
ules interfering with the production and action of TNF.

Humanized and Human Antibodies to TNF

It generally is believed, but not proven, that the
mount of murine protein present in monoclonal anti-
odies is related directly to the immunogenicity related
o its administration. CDP571 (Humicade; Celltech
lough, UK) is a humanized murine anti-human IgG4
ntibody to TNF-�, which has been modified by replac-
ng murine domains not involved in binding with parts
f a human IgG4 molecule. The resulting molecule is
5% humanized but still contains 5% mouse epitopes.
fter a promising pilot trial, CDP571 was tested in a
lacebo-controlled dose-finding trial.15 In this study,
69 patients were randomized to receive a single IV dose
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f 10 mg/kg, 20 mg/kg, or placebo. At week 2 the rate
f clinical response was significantly higher in patients
reated with CDP571 (50/111, 45%) compared with
lacebo (15/56, 27%, P � 0.023). Re-treatment was
erformed either every 8 weeks with placebo or CDP 10
g/kg or every 12 weeks with placebo or CDP 10 mg/kg

4 groups). The placebo and CDP571 clinical remission
ates at 24 weeks were 4% and 11%, respectively, for the
very 8 weeks dosing group and 3% and 11%, respec-
ively, for the every 12 weeks dosing groups (NS). In a
ubsequent, randomized, double-blind, placebo-con-
rolled, multicenter study83 evaluating the efficacy and
olerability of CDP571 in 396 patients with active
rohn’s disease, 34.2% of patients in the active treat-
ent arm showed clinical response at week 2, compared
ith 21.1% in the placebo arm (P � 0.011). Although

he response rates at week 28 were higher in the
DP571-treated arm (30.4%) compared with placebo

23.5%), this did not reach statistical significance. In a
ost hoc exploratory analysis of a subgroup of patients
ith baseline CRP � 10 mg/L (n � 159), there was a

ignificant difference in the number of patients showing
linical response at week 2 (CDP571, 49.5%; placebo,
5.5%; P � 0.001), and at all time points from week 12
o week 28.

Celltech, in cooperation with Pfizer (Cambridge, MA),
lso is developing CDP-870, a pegylated anti-TNF an-
ibody fragment for the treatment of Crohn’s disease. In
placebo-controlled dose-finding study,84 291 patients
ere randomized to placebo, 100 mg, 200 mg, or 400
g subcutaneously at weeks 0, 4, and 8. The response

ates at 12 weeks were 35.6%, 36.5%, 36.1%, and
4.4%, respectively. The differences were not significant.
n an exploratory analysis85 in 119 (41%) patients with
ncreased CRP levels (�10 mg/L) the differences in
linical response between the 400 mg/dose (53.1%) and
lacebo (17.9%, P � 0.005) were significant at 12
eeks.
Both of these molecules seem extremely safe and less

mmunogenic than infliximab. Their efficacy is clearly
ower than that of infliximab. The question arises
hether physicians will want to compromise on efficacy

n the scope of better long-term safety. It is to be
xpected that an important proportion of patients failing
DP-870 will benefit from infliximab.
Adalimumab (Humira; Abbott, Abbott Park, IL) is a

ully human anti–TNF-� monoclonal IgG1 antibody.
his antibody is as efficacious as infliximab for the treat-
ent of RA. Studies are ongoing in Crohn’s disease.
tanercept (Enbrel; Immunex, Wyeth, Madison, NJ) is a
uman recombinant p75 TNF receptor/IgG fusion pro-
ein. This Fc fusion protein is highly effective in treating
A. Although safe, subcutaneous etanercept at a dose of
5 mg twice weekly for the treatment of moderate to
evere Crohn’s disease was not effective.86 Onercept (Se-
ono, Geneve, Switzerland), a recombinant, fully human,
oluble p55 TNF receptor has shown efficacy in Crohn’s
isease in an open-label pilot study.87 A large, placebo-
ontrolled, dose-finding study has been completed but
he data have not been published yet. A press release by
erono revealed that the primary endpoint of this trial
as not met.

Small Molecules Antagonizing TNF

Thalidomide, a strong anti-emetic and sedative
hat was withdrawn from the market worldwide in 1961
ecause of its teratogenicity, has strong anti–TNF-�
ffects.88 Thalidomide can down-regulate TNF-� pro-
uction derived from T lymphocytes, alveolar macro-
hages, and lamina propria mononuclear cells by inter-
ering with gene transcription or translation.89 It also can
nhance the degradation of TNF-� messenger RNA and
nhibits the activation of nuclear factor 	 B, the tran-
cription factor that promotes and induces the produc-
ion of proinflammatory cytokines. In addition to its
ffects on TNF-�, thalidomide causes a shift from the
o-called Th1 to a Th2 cytokine pattern by enhancing
he production of IL-4 and IL-5. Finally, an important
echanism of action lies in the inhibition of angiogen-

sis induced by vascular endothelial-derived growth fac-
or. In 3 pilot trials, 49 patients have now been treated
n total.90–92 Overall, 85% of patients who completed
he trials have responded to the treatment, but 27% of
atients dropped out owing to side effects. In a follow-up
tudy in 15 patients who had entered remission with
nfliximab, thalidomide given orally 100 mg/day was
ffective to maintain remission. Despite the dangers
mainly teratogenicity and peripheral neuropathy) asso-
iated with thalidomide, the drug may be useful in a
elected subgroup of patients, but if analogues can be
eveloped that lack the adverse effects and maintain or
mprove the efficacy, these drugs could be of great value.

An interesting approach to down-regulate TNF is the
nhibition of mitogen-activated protein kinases, which
re signal-transducing enzymes that regulate gene ex-
ression and cell proliferation. CNI-1493 is a guanylhy-
razone that inhibits the phosphorylation of both p38
itogen-activated protein kinase and C-Junkinase. This
olecule inhibits macrophage activation and the produc-

ion of the proinflammatory cytokines TNF-�, IL-1,
L-6, MIP-1�, MIP-1
, and also nitric oxide. In a recent
tudy,93 12 patients with severe Crohn’s disease were
ssigned randomly to 8 or 25 mg/m2 CNI-1493 daily for
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2 days. Treatment resulted in a significant clinical
enefit and rapid endoscopic ulcer healing. A clinical
esponse was seen in 67% of patients at 4 weeks and 58%
t 8 weeks. Clinical remission was observed in 25% of
atients at week 4 and 42% of patients at week 8.
ndoscopic improvement occurred in all but 1 patient.
urthermore, 3 of 6 patients considered infliximab fail-
res showed response with CNI-1493 and 2 of them even
ntered remission. Fistulae healing occurred in 4 of 5
atients, and steroids were tapered in 89% of patients.
NI-1493 treatment was associated with an inhibition of
oth JNK and p38 phosphorylation in vitro and with a
iminished production of TNF-�. Phase II trials with
NI-1493 and other mitogen-activated protein kinase

nhibitors in the treatment of Crohn’s disease are ongo-
ng.

Safety of Anti-TNF Strategies in the
Treatment of IBD

The ideal drug is efficacious with good safety
hort as well as long term. The efficacy/safety ratio of a
rug can deteriorate over time owing to several reasons.
he efficacy may decrease with increased risk for adverse
vents. This is the case for glucocorticosteroids in the
reatment of IBD. For other drugs, efficacy may remain
nchanged but the rate of side effects may increase. This
s the case for antibiotics in the treatment of perianal
stulizing Crohn’s disease and for chronic pouchitis. For
nfliximab it seems that efficacy decreases over time
ecause up to 50% of patients may need step up of dose
lthough safety seems good in the long term.

Toxicities related to biological therapies can be clas-
ified into 3 categories. Toxicity may be disease specific
e.g., the occurrence of abdominal sepsis associated with
rohn’s disease of the bowel). Other adverse events may
e class specific, including the risk for intracellular in-
ection (e.g., tuberculosis), demyelinating disease, wors-
ning of congestive heart failure, or lymphoma. Finally,
oxicity may be molecule specific. IgG1 antibodies are
ssociated more with auto-immunity than IgG4 antibod-
es. Immunogenicity associated with antibody therapy is
robably more important for chimeric as compared with
umanized or human antibodies. IgE-mediated allergic
eactions are drug and host specific. Small molecules have

greater risk for associated teratogenicity than large
ntibodies.

Safety assessment in drug development is difficult.
linical trials have the advantage of including placebo-

reated control groups and meta-analysis of trials is
ostly able to pick up increases in rather common events

uch as infusion reactions and upper respiratory tract
nfections. Controlled trials, however, involve relatively
ew patients with strict inclusion criteria and with lim-
ted follow-up evaluation (1–3 yr). In contrast, postmar-
eting surveillance has the advantage of large numbers of
atients who are treated for variable durations of time.
oreover, patients usually not included in trials such as

hildren or elderly patients are exposed to drugs post-
arketing. The disadvantage of this type of adverse-

vents reporting is that there is no control population or
enominator and that reporting rates and accuracy are
ighly variable. Postmarketing surveillance is more
ikely to pick up serious but low-background events. For
nfliximab this was the case for tuberculosis.

Another confounding factor is cumulative toxicity of
ultiple treatments in IBD. The risk for sepsis, oppor-

unistic infections, malignancies, and myelosuppression
s much greater if biologicals are administered on a
ackground of glucocorticosteroids and/or immunosup-
ression. The rate of serious infections in clinical trials in
rohn’s disease and RA in patients treated with inflix-

mab (6.2%) was not higher than in patients treated with
lacebo (6.8%) (Periodic Safety Update Report). The
ortality rate in the clinical trials with 3 years post-

tudy follow-up evaluation was 1.7% for patients treated
ith infliximab and 4.2% for placebo-treated patients.
eports of infection-related mortality must be inter-
reted with caution because a number of patients in such
bservational studies often have been treated for off-label
ife-threatening conditions.94 In a large cohort study95 in
00 consecutive patients treated at the Mayo Clinic,
nfliximab-related infections were found in 8.2% includ-
ng 20 patients with serious infections: 2 patients had
atal sepsis, 8 patients had pneumonia (2 were fatal), 6
atients had viral infections, 2 patients had abdominal
bscess, 1 patient had cellulitis, and 1 patient had his-
oplasmosis.

The issue of antibodies to infliximab and its relation
ith infusion reactions and loss of response was discussed
reviously.
Acute infusion reactions usually are managed easily by

emporarily interrupting the infusion and administration
f hydrocortisone 100–250 mg IV. The infusion is re-
umed after resolution of the infusion reaction at a slower
ate. In patients who already have suffered previous in-
usion reactions, prophylactic antihistamine and hydro-
ortisone 30 minutes before each subsequent infusion can
revent new infusion reactions.
Severe serum sickness–like reactions have been ob-

erved in Crohn’s disease patients 3–12 days after inflix-
mab when this therapy was reinstituted after a long
rug holiday. In a study by Hanauer et al.,96 this delayed
nfusion reaction occurred in 25% of patients re-treated
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fter an interval of at least 2 years since the previous
dministration of infliximab. Symptoms associated with
hese reactions included fever, rash, headache, sore
hroat, myalgias, polyarthralgias, hand and facial edema,
nd/or dysphagia. These reactions were associated with a
arked increase in antibodies to infliximab, a loss of

etectable serum concentrations of infliximab, and a loss
f drug efficacy. These symptoms are readily controlled
y high doses of IV or oral glucocorticosteroids.
Infliximab has been associated with adverse outcomes

n patients with congestive heart failure, and should be
sed in patients with congestive heart failure only after
onsideration of other treatment options. The results of a
andomized study97 evaluating the use of infliximab in
atients with heart failure (New York Heart Association
unctional class III/IV) suggested higher mortality in
atients who received 10 mg/kg infliximab, and higher
ates of cardiovascular adverse events at doses of 5 and 10
g/kg. There have been postmarketing reports of wors-

ning heart failure, with and without identifiable pre-
ipitating factors, in patients taking infliximab. There
lso have been rare postmarketing reports of new-onset
eart failure, including heart failure in patients without
nown pre-existing cardiovascular disease. Some of these
atients have been less than 50 years of age. If a decision
s made to administer infliximab to patients with heart
ailure, they should be monitored closely during therapy,
nd infliximab should be discontinued if new or wors-
ning symptoms of heart failure appear.

Infliximab and other agents that inhibit TNF have
een associated in rare cases with optic neuritis, seizure,
nd new-onset or exacerbation of clinical symptoms
nd/or radiographic evidence of central nervous system
emyelinating disorders, including multiple sclerosis.98

nfliximab therapy frequently is associated with autoim-
unity with the formation of antinuclear antigens and

ntibodies to double-stranded DNA. Drug-induced lu-
us reactions without end-organ damage occur rarely.
ntinuclear antibodies are associated with female sex and
ith the occurrence of papulosquamous or butterfly

ash.99 Patients with these antibodies can be re-treated
afely with infliximab without increased risk for compli-
ations. Reactivation of latent tuberculosis is a severe
omplication with all anti-TNF strategies.100 By Febru-
ry 2003, active TB was reported in 350 of more than
00,000 patients treated with infliximab or a cumulative
ncidence of 0.46 per 1000 patient-years. Most cases
ccurred within the first 2 months after initiation of
herapy. The cumulative mortality amounted to 9%.

All patients who will undergo treatment with an
nti-TNF agent should be evaluated for latent tubercu-
osis with a tuberculin test and chest radiograph. Treat-
ent of latent tuberculosis should be initiated before

herapy with infliximab. Recommendation for tubercu-
osis screening and treatment are proposed by national
cientific organizations and authorities.

In the Crohn’s disease and RA trials 6 lymphomas
ere diagnosed for a follow-up of 4148 patient-years vs.
for 691 placebo patient-years. All lymphomas occurred

n patients treated with concomitant immunosuppres-
ion. Four of these lymphomas occurred in patients with
A. In RA the background incidence of lymphoma is

ncreased in comparison with the general population. By
ebruary 2003, lymphoma was reported spontaneously
n 71 cases (45 in RA and 20 in Crohn’s disease patients)
ith approximately 365,000 patients treated. The trial

nd postmarketing surveillance data do not suggest an
ncreased risk for lymphoma in patients treated with
emicade. Likewise, the incidence of nonlymphoma ma-

ignancies does not seem increased. One should be cau-
ious, however, because the duration of follow-up of
atients with RA and Crohn’s disease treated with in-
iximab is limited.

Anti-TNF Strategies in IBD:
Conclusions
The advent of infliximab for the treatment of

rohn’s disease has been very beneficial for our patients.
he ideal strategy, however, would be a small oral mol-
cule with similar efficacy but lacking the drawbacks of
he parenteral administration route and the problems of
mmunogenicity. Clinical development of different com-
ounds including antibodies and small molecules is cur-
ently ongoing and the clinicians look forward to even
etter drugs with which to treat their patients.
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