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Anti-TNF Treatment in Inflammatory Bowel Disease
Suna Yapali, Hulya Over Hamzaoglu

INTRODUCTION

Crohn’s disease and ulcerative colitis are chronic in-
flammatory disorders of the gastrointestinal tract. Although 
the primary etiological defect stil remains unknown, in the 
last decade impotant progress has been made concerning 
the immunological basis of the disease. Genetic, environ-
mental and microbial factors result in repeated activation 
of mucosal immune response. Tumor necrosis factor alpha 
(TNF-alpha) is one of the central cytokines in the under-
lying pathogenesis of mucosal inflammation in inflamma-
tory bowel disease (IBD) and has been the primary target 
of biologic therapies.

Role of TNF-alpha in pathogenesis of 
inflammatory bowel disease

TNF-alpha is produced by activated macrophages and 
T lymphocytes. Other proinflammatory cytokines includ-
ing interleukin (IL)-1, IL-6 and are stimulated by TNF-al-
pha. It also increases leucocyte migration by inducing ex-
pression of adhesion molecules by endothelial cells and 
leucocytes.

TNF-alpha mediates multiple proinflammatory signals 
that play a central role in the pathogenesis of IBD, includ-
ing neutrophil recruitment to local sites of inflammation, 
activation of both coagulation and fibrinolysis, and in-
duction of granuloma formation.1 Increased numbers of 
TNF-alpha producing cells are present in intestinal biopsy 
specimens from IBD patients, more frequently in Crohn’s 
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disease than ulcerative colitis.2 Moreover, enhanced secre-
tion of TNF-alpha from lamina propria mononuclear cells 
has been found in the intestinal mucosa of IBD patients.3 
In Crohn’s disease tissues, TNF-alpha positive cells have 
been found deeper in the lamina propria and in the submu-
cosa, whereas TNF-alpha immunoreactivity in ulcerative 
colitis is, mostly, located in subepithelial macrophages.4 
There may be insufficient increased release of soluble TNF 
receptor from lamina propria mononuclear cells of patients 
with IBD in response to enhanced secretion of TNF-alpha.5 
TNF-alpha in the stool have also been found from children 
with active IBD,6 and elevated levels of TNF-alpha have 
been found increased in the serum of children with active 
ulcerative colitis and Crohn’s colitis.7

Anti-TNF antibodies and fusion proteins:
We certainly have many ways to block TNF-alpha. 

Different therapeutic approaches have been focused on in-
hibition of TNF-alpha in patients with IBD. Monoclonal 
antibodies such as; infliximab, adalimumab, certolizum-
ab (CDP870) and CDP571; the p 75 soluble TNF receptor 
fusion protein etanercept and p55 soluble TNF receptor 
onercept are most studied ones. Some of them have failed 
in clinical studies and clinical studies in different phases 
are still ongoing for some of them.

Infliximab
Infliximab is a murine-human chimeric IgG1 mono-

clonal antibody containing approximately 75% human 
protein and 25% murine protein.8 It is the most studied 
anti-TNF antibody with poven efficacy. Infliximab binds 
to both the transmembrane and soluble form of TNF-al-
pha,9,10 paradoxically increasing its half-life but decreas-
ing its activity.11 Infliximab is specific to TNF-alpha and 
does not bind to TNF-beta.

Infliximab neutralizes the biologic activity of TNF-al-
pha by inhibiting binding to its receptors, and results in 
blokage of proinflammatory signals or molecules that are 
up-regulated by TNF-alpha. The main mechanism of ac-



	 49INTERNATIONAL GASTROINTESTINAL MEETING

tion is the destruction of activated effector cells through 
apoptosis. A key effect is the disappereance of inflamma-
tory cells from the previously inflamed mucosa through 
lysis of inflammatory cells carriying membrane-bound 
TNF-alpha. Treatment with infliximab at therapeutic con-
centrations resulted in monocyte apoptosis in patients with 
chronic active Crohn’s disease.12 Infliximab also induces 
cell lysis through complement-dependent cellular cyto-
toxicity.13 A potent anti-inflammatory effect is the natural 
result of these biological activities.

Clinical use of infliximab
Infliximab therapy is effective for the induction and 

maintenance of clinical remission; closure of enterocuta-
neous, perianal and rectovaginal fistulas; maintenance of 
fistula closure; and corticosteroid sparing in patients with 
Crohn’s disease.14-17

ACCENT I14 and ACCENT II16 were two important 
multicenter, randomized, double blind, placebo controlled 
trials, upon which the approval of the drug for Crohn’s dis-
ease was based in 1998.

In the ACCENT I trial, the aim was to asses the effi-
cacy and safety of repeated infusions of infliximab in pa-
tients who improved after an initial infusion, also corti-
costeroid sparing effects and safety in a large number of 
patients. The results showed that patients with Crohn’s dis-
ease who respond to an initial dose of infliximab are more 
likely to be in remission at weeks 30 and 54, to discon-
tinue corticosteroids, and to maintain their response for a 
longer period of time if infliximab therapy is maintained 
every six weeks. Maintenance infliximab treatment was 
safe and genarally well tolerated.

ACCENT II trial also included adults with Crohn’s 
disease who had had single or multiple draining abdomi-
nal or perianal fistulas, of at least three months duration. 
ACCENT II evaluated the efficacy and safety of repeated 
infusions of infliximab in maintaining closure of draining 
fistulas among patients who had a response to a three-dose 
induction regimen of infliximab. Among patients with fis-
tulizing Crohn’s disease whose fistulas closed after inflix-
imab induction therapy, continued infliximab infusions at 
fixed intervals maintained closure for a longer period than 
placebo infusions. Today infliximab has become the drug 
of choice in fistulizing patients.

There are few small studies and case reports of inf-
liximab in patients with active ulcerative colitis that have 
showed conflicting results.18-22 Two randomized, double-
blind, placebo-controlled studies − the Active Ulcerative 
Colitis Trials 1 and 2 (ACT 1 and ACT 2, respectively) − 

evaluated the efficacy of infliximab for induction and main-
tenance therapy in adults with ulcerative colitis.23 Clin-
ical response or clinical remission with discontinuation 
of corticosteroids at week 30 in both studies and at week 
54 in ACT 1, a clinical remission and mucosal healing at 
weeks 8 and 30 in both studies and at week 54 in ACT 1, 
and a clinical response at week 8 in patients with a histo-
ry of disease refractory to corticosteroids were assessed. 
In each study, 364 patients with moderate-to-severe active 
ulcerative colitis despite treatment with concurrent medi-
cations received placebo or infliximab (5 mg or 10 mg per 
kilo gram of body weight) intravenously at weeks 0, 2 and 6 
and then every eight weeks through week 46 (in ACT 1) or 
week 22 (in ACT 2). Patients were followed for 54 weeks 
in ACT 1 and 30 weeks in ACT 2. In both studies, patients 
with moderate-to-severe active ulcerative colitis treated 
with infliximab at weeks 0, 2, and 6 and every eight weeks 
thereafter were more likely to have a clinical response at 
weeks 8, 30, 54 than those receiving placebo. 

ACT 2 also helped us to undestand the pathogenesis 
of ulcerative colitis. Ulcerative colitis is believed to result 
from an immune response of type 2 helper T cells in the 
colonic mucosa, whereas Crohn’s disease is accepted as 
an immune disease of type 1 helper T cells, which would 
suggest that TNF-alpha is not a potent mediator in ulcer-
ative colitis. The study showed that TNF-alpha plays an 
important role in the disease process and targeting this 
cytokine is an effective therapy for ulcerative colitis. The 
mechanism of action of infliximab in ulcerative colitis 
also includes the induction of apoptosis of inflammato-
ry cells expressing membrane-bound TNF-alpha, as in 
Crohn’s disease.24

Based on the results of ACT 1 and ACT 2, infliximab 
has recently been approved for maintaining clinical remis-
sion and mucosal healing in patients with moderately to 
severely active ulcerative colitis, who have had an inad-
equate response to conventional therapy.

There are few studies for treatment of indeterminate 
colitis with infliximab. In a retrospective, multicenter 
study, patients with indeterminate colitis were found more 
refractory to infliximab.25 Papadakis et al, reported that the 
results of infliximab therapy in indeteminate colitis were 
much better than the previous study. Fourteen of 20 pa-
tients (70%) had a complete response to infliximab 5 mg/
kg, 2 patients had a partial response. Four of the 14 re-
sponders had to step up to 10 mg/kg of infliximab because 
of fading of response to 5 mg/kg. It was striking that 10 
patients who were in the course of follow-up were classi-
fied as Crohn’s disease and 2 as ulcerative colitis.26 
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Although infliximab is well tolerated in the majority 
of patients, serious side effects may rarely occur, includ-
ing serious infections, drug induced lupus,27 acute infusion 
reactions,28 delayed hypersensitivity reactions,29 demye-
lination,30 possibly increased rate of lymphoma,31 cardiac 
failure32 and death. The rate of infection is higher in inflix-
imab-treated patients (36%) than in those receiving place-
bo (26%).33 Upper respiratory tract infections and urinary 
tract infections are frequently reported. In post marketing 
surveillence, tuberculosis,34 histoplasmosis,35 listeriosis, 
aspegillosis, and pneumocystis carini pneumonia have all 
been observed, leading in some instances to death.36 Active 
screening for these micoorganisms is not advised, except 
for tuberculosis. Reactivation of latent tuberculosis is of 
particular concern. Any changes in symptoms should be 
assesed carefully, tuberculosis skin testing (PPD) should 
be done routinely. All PPD positive patients or patients 
who have received tuberculosis immunisation (bacillus 
Calmette-Guιrin), should undergo chest X-ray. If chest X-
ray is negative with a PPD positive patient, latent tubercu-
losis treatment should be administered before infliximab. 
If chest X-ray is positive, the patient should be treated for 
active tuberculosis before infliximab therapy.

Recently TREAT registry reported the long-term safety 
data for infliximab in Crohn’s disease. Multivariate analy-
sis of factors associated with mortality showed that, mor-
tality rates were similar between infliximab and non-in-
fliximab treated patients. The increased risk for serious 
infections observed with infliximab likely was due to dis-
ease severity and coricosteroid use.37 

Approximately 28% of infliximab-treated patients de-
velop human antichimeric antibodies.38 Infusion reactions 
are more common in patients who developed antibodies.33 
Concomitant therapy with corticosteroids, methotrexate, 
azathiopurine or 6-mercaptopurine reduces the incidence 
of antibody formation and rate of infusion reactions; pos-
sibly related to impaired humoral response induced by 
immunosupression.39,40 But the multiple immunosuppre-
sive drug use on the other hand might increase infectious 
complications.

Adalimumab
Adalimumab is a fully human IgG 1 monoclonal an-

tibody to TNF-alpha that is administered subcutaneous-
ly and has a long half life. It binds to human TNF-alpha, 
thereby interfering with binding to TNF-alpha receptor 
sites and subsequent cytokine-driven inflammatory pro-
cesses.41 It has been approved for use in rheumatoid ar-
thritis and psoriatic arthritis. 

Most of the antibodies that develop against infliximab 

are presumably directed towards the murine portion of the 
molecule and will not cross react with the fully human 
adalimumab. The rate of formation of antibodies to adali-
mumab observed in clinical trials of Crohn’s disease has 
been very low (approximately 3%).42 Adalimumab side 
effects are similar to infliximab. Infusion reactions seen 
with infliximab do not occur with adalimumab, although 
the injections can be temporarily painful. 

Sandborn et al demonstrated that, adalimumab has 
short-term benefits in Crohn’s disease and is tolerated 
and effective in patients who have lost their response to 
infliximab.43 

A previous phase 3 study (CLASSIC [Clinical asses-
ment of Adalimumab Safety and efficacy Studied as an 
Induction therapy in Crohn’s] I) demonstrated that adali-
mumab is effective for induction of clinical response and 
remission when administered as a loading dose in patients 
with moderately to severely active Crohn’s disease who 
were naive to infliximab and other anti-TNF therapy.42

CLASSIC II was a subsequent pilot maintenance tri-
al which demonstrated that adalimumab administered at 
doses of 40 mg every other week and 40 mg weekly was 
effective in maintaining remission in patients with adali-
mumab-induced clinical remission.44

More recently, phase 3 double blind, placebo controlled 
trial – CHARM (Crohn’s trial of the fully Human antibody 
Adalimumab for Remission Maintenance) study – dem-
onstrated the safety and efficacy of adalimumab adminis-
tered 40 mg weekly vs every other week for maintenance of 
clinical remission in patients who had responded to induc-
tion therapy with adalimumab.45 Hanauer and colleagues, 
reported additional results of CHARM and showed that 
maintenance adalimumab therapy allowed significant per-
centages of patients to maintain steroid-free remission (off 
steroid therapy ≥ 90 days).46 Adalimumab was also found 
to be effective in sustaining clinical remission in Crohn’s 
disease regardless of whether patients received concomitant 
immunosupressive therapy with azathiopurine, 6-mercapto-
purine or methotrexate, and regardless of whether patients 
had previously been exposed to anti-TNF therapy with inf-
liximab.47 Additional results of CHARM study showed that 
adalimumab is effective in the healing of draining fistulas 
in patients with Crohn’s disease.48

GAIN (Gauging Adalimumab efficacy in Infliximab 
Nonresponders), is the most recent trial reported during the 
2006 ACG meeting.49 This double-blind placebo-controlled 
study was conducted to determine the efficacy and safety of 
adalimumab in the induction of response and remission in 
patients with Crohn’s disease who had previously respond-
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ed to therapy with infliximab and then lost response or be-
came intolerant (secondary failure). Induction of clinical 
remission at week 4 was significantly higher in the adali-
mumab-treated group vs placebo-treated group.

According to the results of three randomized, double-
blind, placebo-controlled trials −GAIN, CLASSIC and 
CHARM− FDA has granted Priority Review to adalim-
umab. Adalumimab is certainly one o the most promis-
ing drugs for the near future and it seems that it will be 
on the market soon.

Certolizumab Pegol
Certolizumab pegol is a humanized anti-TNF Fab’ 

fragment linked to polyethylene glycol that is also ad-
ministered subcutaneously, which is a huge advantage. It 
has a two-week plasma half-life. In conrast to the IgG1 
antibodies, certolizumab does not appear to induce apop-
tosis. A previous phase 2 study demonstrated that certoli-
zumab pegol may be efficious in the induction of clinical 
response and remission when administered at a dose of 400 
mg at weeks 0, 4 and 8 in patients with moderately to se-
verely active Crohn’s disease.50 Although all certolizum-
ab doses produced significant clinical benefit over place-
bo at all time points, clinical response rates were highest 
for 400 mg doses when compared 100 and 200 mg dos-
es.Therefore, at week 12, no significant statistical benefit 
was found over placebo.

PRECISE (Pegylated antibody fragment evaluation 
in Crohn’s disease safety and efficacy) 1 is the phase 3 
study to evaluate the efficacy in induction of response.51 
PRECISE 2 was conducted to evaluate the maintenance 
response.52 The results showed that clinical response and 
clinical remission rates were significantly higher than pla-
cebo. CRP levels, which have been a post hoc predictor 
of response to anti-TNF and other biologic agents, are re-
duced by anti-TNF treatment. In post-hoc analysis, those 
individuals with an elevated CRP demonstrated a higher 
response rate.

Etanercept
Etanercept is a fully human fusion protein comprised 

of two soluble TNF p75 receptors linked to an IgG1 Fc 
monoclonal antibody fragment that is administered sub-
cutaneously. Although etanercept is a TNF-alpha blocker, 
it is not approved and marketed for inflammatory bowel 
disease. A randomized, controlled trial showed that etan-
ercept was no better than placebo in inflammatory bowel 
disease.53 Higher doses may be required for Crohn’s dis-
ease or there might be a difference in the mechanism of 
TNF-alpha blockage. Both etanercept and infliximab neu-

tralized TNF-alpha, but only infliximab bounds to T lym-
phocytes and induces apoptosis of these cells.54 Further 
in vitro and in vivo studies are required to sort out these 
important issues.

Onarcept
Onercept is a fully human recombinant soluble TNF 

p55 receptor administered subcutaneously. A clinical bene-
fit was observed in a pilot study involving 12 patients with 
active Crohn’s disease.55 However a subsequent placebo-
controlled, phase 2 trial found no significant benefit for 
clinical response or induction of remission.56 

Natalizumab
Natalizumab, a humanized monoclonal antibody to al-

pha-4 integrin, is administered intravenously. It had been 
approved for use in the treatment of multiple sclerosis and 
has been evaluated for treatment of Crohn’s disease.57,58 
The report of 3 cases of multifocal leucoencephalopathy 
caused by the human polyoma JC virus in patients with 
multiple sclerosis and Crohn’s disease treated with this 
agent, led to an estimated risk of 1:1000.59-62 As a result 
marketing of the drug was suspended.

Conclusion
TNF blockage has been the fundamental advance in 

management of inflammatory bowel disease. Infliximab, 
adalimumab and certolizumab all seems to be effective 
in Crohn’s disease. Infliximab is the only anti-TNF agent 
currently approved for Crohn’s disease ulcerative colitis. 
Adalumimab and Certluzimab Pegol seem like two most 
promising drugs for the near future. And certainly there 
will be other biological treatment options available in next 
decade. Safety is an important concern that must be care-
fully balanced against efficacy. Since inflammatory bowel 
disease is a chronic and life-long disorder, we need more 
long-term efficacy and safety data with maintenance ther-
apy. Patients should be informed properly about important 
side effects and careful follow-up is mandatory. Targeting 
TNF has been an important breakthrough in the manage-
ment of inflammatory bowel disease. In future new targets 
in the pathogenesis of mucosal inflammation such as inhi-
bition of cell adhesion, NF-kB and T cell activation should 
be evaluated.

REFERENCES
	 1.	Targan SR, Hanauer SB, van Deventer SJ, et al. A short term 

study of chimeric monoclonal antibody cA2 to tumor necro-
sis factor alpha for Crohn’s disease. Crohn’s Disease cA2 
study Group. N Eng J Med 1997; 337:1029-1035.

	 2.	Breese EJ, Michie CA, Nicholls SW, et al. Tumor necro-



52	 January 20, 2007, Kifisia, Athens, Greece

sis factor alpha-producing cells in the intestinal mucosa of 
children with inflammatory bowel disease. Gastroenterolo-
gy 1994; 106:1455-1466.

	 3.	MacDermott RP, Sandersen IR, Reinecker HC. The central 
role of chemokines (chemotactic cytokines) in the immuno-
pathogenesis of ulcerative colitis and Crohn’s disease. In-
flamm Bowel Dis 1998; 4:54-67.

	 4.	Murch SH, Braegger CP, Walker-Smith JA, MacDonald TT. 
Location of tumor necrosis factor alpha by immunohisto-
chemistry in chronic inflammatory bowel disease. Gut 1993; 
34:1705-1709.

	 5.	Noguchi M, Hiwatashi N, Liu Z, Toyota T. Secretion imbal-
ance between tumor necrosis factor and its inhibitor in in-
flammatory bowel disease. Gut 1998;43:203-209.

	 6.	Murch SH, Lamkin VA, Savage MO, Walker-Smith JA, Mac-
Donald TT. Serum concentrations of tumor necrosis factor 
alpha in childhood chronic inflammatory bowel disease. Gut 
1991; 32:913-917.

	 7.	Braegger CP, Nicholls S, Murch SH, Stephens S, MacDon-
ald TT. Tumor necrosis factor alpha in stool as a marker of 
intestinal inflammation. Lancet 1992; 339:89-91.

	 8.	Sandborn WJ, Hanauer SB. Antitumor necrosis factor thera-
py for inflammatory bowel disease: a review of agents, phar-
macology, clinical results, and safety. Inflamm Bowel Dis 
1999; 5:119-133.

	 9.	Stagg AJ, Hart AL, Knight SC, Kamm MA. The dendritic 
cell: its role in intestinal inflammation and relationship with 
gut bacteria. Gut 2003; 52:1522-1529.

	10.	Scallon BJ, Moore MA, Trinh H, Knight DM, Ghrayeb J. 
Chimeric anti-TNF-alpha monoclonal antibody cA2 binds 
recombinant transmembrane TNF-alpha and activates im-
mune effector functions. Cytokine 1995; 7:251-259.

	11.	Wagner C MK, deWoody K, Zelinger D, Leone A, Schiable 
T, Shealy D. Infliximab treatment benefits correlate with 
pharmacodynamic parameters in Crohn’s disease patients. 
Digestion 1998; 59(suppl 3):124-125.

	12.	Lugering A, Schmidt M, Lugering N, Pauels HG, Domschke 
W, Kucharzik T. Infliximab induces apoptosis in monocytes 
from patients with chronic active Crohn’s disease by us-
ing a caspase-dependent pathway. Gastroenterology 2001; 
121:1145-1157.

	13.	Shen C, Colpaert S, Maerten P, Geboes K, Van Assche G, 
Rutgeerts P, Ceuppens J. Infliximab induces death of human 
monocytes in vitro and in the Thp-1-Scid-mice model. Gas-
troenterology 2003; 124:A-486.

	14.	Hanauer SB, Feagan BG, Lichtenstein GR, et al. Mainte-
nance infliximab for Crohn’s disease: the ACCENT I ran-
domised trial. Lancet 2002; 359:1541-1549.

	15.	Sands BE, Anderson FH, Bernstein CN, et al. Infliximab 
maintenance therapy for fistulizing Crohn’s disease. N Eng 
J Med 2004; 350:876-885.

	16.	Sands BE, Blank MA, Patel K, Van Deventer SJ. Long term 
treatment of rectovaginal fistulas in Crohn’s disease: re-
sponse to infliximab in the ACCENT II study. Clin Gastro-
enterol Hepatol 2004; 2:912-920.

	17.	Rutgeerts P, Feagan BG, Lichtenstein GR, et al. Comparison 
of scheduled and episodic treatment strategies of infliximab 
in Crohn’s disease. Gastroenterology 2004; 126:402-413.

	18.	Sands BE, Tremaine WJ, Sandborn WJ, et al. Infliximab in 
the treatment of severe, steroid-refractory ulcerative colitis: 
a pilot study. Inflamm Bowel Dis 2001; 7:83-88.

	19.	Probert CS, Hearing SD, Schreiber S, et al. Infliximab in 
moderately severe glucocorticoid resistant ulcerative coli-
tis: a randomised controlled trial. Gut 2003; 52:998-1002.

	20.	Ochsenkuhn T, Sackman M, Goke B. Infliximab for acute, 
not steroid-refractory ulcerative colitis: a randomised pilot 
study. Eur J Gastroenterol Hepatol 2004; 16:1167-1171.

	21.	Järnerot G, Hertervig E, Friis-Liby I, et al. Infliximab as res-
cue therapy in severe to moderately severe ulcerative coli-
tis: a randomised, placebo-controlled study. Gastroenterol-
ogy 2005; 128:1805-1811.

	22.	Chey WY. Infliximab for patients with refractory ulcerative 
colitis. Inflamm Bowel Dis 2001; 7:Suppl 1:S30-S33.

	23.	Rutgeerts P, Sandborn WJ, Feagan BG, et al. Infliximab 
for induction and maintenance therapy for ulcerative coli-
tis: ACT 1 and ACT 2 randomized trial. N Eng J Med 2005; 
353:2462-2476.

	24.	ten Hove T, van Montfrans C, Peppelenbosch MP, van De-
venter SJ. Infliximab treatment induces apoptosis of lamina 
propria T lymphocytes in Crohn’s disease. Gut 2002; 50:206-
211.

	25.	Gornet JM, Couve S, Hassani Z, Delchier JC, Marteau P, 
Cosnes J, Bouhnik Y, Dupas JL, Modigliani R, Taillard F, 
Lemann M. Infliximab for refractory ulcerative colitis or in-
determinate colitis: an open-label multicentre study. Aliment 
Pharmacol Ther 2003; 18:175-181.

	26.	Papadakis KA, Treyzon L, Abreu MT, Fleshner PR, Targan 
SR, Vasiliauskas EA. Infliximab in the treatment of medi-
cally refractory indeterminate colitis. Aliment Pharmacol 
Ther 2003; 18:741-747. 

	27.	Vermeire S, Noman M, Van Assche G, et al. Autoimmunity 
associated with anti-tumor necrosis factor alpha treatment 
in Crohn’s disease. A prospective cohort study. Gastroenter-
ology 2003;125:32-39.

	28.	Cheifetz A, Smedley M, Martin S, et al. The incidence and 
management of infusion reactions to infliximab: a large ex-
perience. Am J Gastroenterol 2003; 98:1315-1324.

	29.	Hanauer S, Rutgeerts P, Targan S, et al. Delayed hypersen-
sitivity to infliximab (Remicade) re-infusion after a 2-4 year 
interval without a treatment. Gastroenterology 1999; 116:
A731.

	30.	Mohan N, Edwards ET, Cupps TR, et al. Demyelination 
occuring during anti-tumor necrosis factor alpha therapy 
for inflammatory arthritis. Arthritis Rheum 2001; 44:2862-
2869.

	31.	Brown SL, Grene MH, Gershon SK, et al. Tumor necrosis 
factor antagonist therapy and lymphoma development: twen-
ty-six cases reported to the Food and Drug Administration. 
Arthritis Rheum 2002; 46:3151-3158.

	32.	Kwon HJ, Cote TR, Cuffe MS, et al. Case reports of heart 
failure after therapy with a tumor necrosis factor antagonist. 
Ann Intern Med 2003; 138:807-811.

	33.	Remicade (infliximab) for iv injection. Package Insert Cen-
tocor Inc: Melvern, PA, USA, 2002.

	34.	Keane J, Gershon S, Wise RP, et al. Tuberculosis associated 
with infliximab, a tumor necrosis factor alpha- neutralizing 



	 53INTERNATIONAL GASTROINTESTINAL MEETING

agent. N Eng J Med 2001; 345:1098-1104.
	35.	Lee JH, Slifman NR, Gershon SK, et al. Life threatening his-

toplasmosis complicating immunotherapy with tumor necro-
sis factor alpha antagonists infliximab and etanercept. Ar-
thritis Rheum 2002; 46:2565-2570.

	36.	Colombel JF, Loftus EV jr, Tremaine WJ, et al. The safety 
profile of infliximab in patients with Crohn’s disease: the 
Mayo clinic experience in 500 patients. Gastroenterology 
2004; 126:19-31.

	37.	Lichtenstein GR, Feagan BG, Cohen DR, et al. Serious infec-
tions and mortality in association with therapies for Crohn’s 
disease: TREAT Registry. Clin Gastroenterol Hepatol 2006; 
4:621-630.

	38.	Sandborn WJ, Targan SR. Biologic therapy of inflammatory 
bowel disease. Gastroenterology 2002; 122:1592-1608.

	39.	Baert F, Noman M, Vermeire S, et al. Influence of immuno-
genicity on the long-term efficacy of infliximab in Crohn’s 
disease. N Eng J Med 2003; 348:601-608.

	40.	Hanauer SB, Wagner CL, Bala M, et al. Incidence and impor-
tance of antibody response to infliximab after maintenance 
or episodic treatment in Crohn’s disease. Clin Gastroenterol 
Hepatol 2004; 2:542-553.

	41.	Package insert, HUMIRA (adalimumab), Abbott Laborato-
ries, North Chicago, USA, 2002.

	42.	Hanauer SB, Sandborn WJ, Rutgeerts P, et al. Human anti-
tumor necrosis factor monoclonal antibody (adalimumab) 
in Crohn’s disease: the CLASSIC I trial. Gastroenterology. 
2006; 130:323-333. Abstract

	43.	Sandborn WJ, Hanauer SB, Loftus EV Jr, et al. An open-la-
bel study of the human anti-TNF monoclonal antibody adali-
mumab in subjects with prior loss of response or intolerance 
to infliximab for Crohn’s disease. Am J Gastroenterol. 2004; 
99:1984-1989. 

	44.	Sandborn WJ, Hanauer SB, Lukas M, et al. Maintenance of 
remission over 1 year in patients with active Crohn’s disease 
treated with adalimumab: results of a blinded, placebo-con-
trolled trial. Am J Gastroenterol. 2005; 100:S311. Abstract 
#843

	45.	Colombel J, Sandborn WJ, Rutgeerts P, et al. Adalimumab 
induces and maintains clinical response and remission in pa-
tients with active Crohn’s disease: results of the CHARM 
trial. Gastroenterology. 2006; 130:950.

	46.	Hanauer SB, Kamm MA, Colombel JF, et al. Sustained ste-
roid-free clinical remission in patients with moderate to se-
vere Crohn’s disease treated with adalimumab. Am J Gas-
troenterol. 2006; 101:S460 Abstract 1181

	47.	Hanauer SB, D’Haens GR, Colombel JF, et al. Sustained clin-
ical remission in patients with moderate to severe Crohn’s 
disease with adalimumab, regardless of anti-TNF history or 
concomitant immunosuppressant therapy. Am J Gastroen-
terol. 2006; 101:S457. Abstract 1173

	48.	Schwartz D, Rutgeerts P, Colombel JF, et al. Induction, main-
tenance, and sustainability of the healing of draining fistu-
las in patients with Crohn’s disease treated with adalimum-
ab: results of the CHARM study. Am J Gastroenterol. 2006; 
101:S458-459. Abstract 1177

	49.	Sandborn WJ, Rutgeerts P, Enns RA, et al. Adalimumab rap-
idly induces clinical remission and response in patients with 
moderate to severe Crohn’s disease who had secondary fail-
ure to infliximab therapy: results of the GAIN study. Am J 
Gastroenterol. 2006; 101:S448. Abstract 1147

	50.	Schreiber S, Rutgeerts P, Fedorak RN, et al, for the CCsDSG. 
A randomized, placebo-controlled trial of certolizumab pe-
gol (CDP870) for treatment of Crohn’s disease. Gastroen-
terology. 2005; 129:807-818. Abstract

	51.	Sandborn WJ, Feagan BG, Stoinov S, et al. Certolizumab 
pegol administered subcutaneously is effective and well tol-
erated in patients with active Crohn’s disease: results from a 
26-week, placebo-controlled Phase III study (PRECISE 1). 
Gastroenterology. 2006; 130:A-107.

	52.	Schreiber S, Khaliq-Kareemi M, Lawrance I, et al. Certoli-
zumab pegol, a humanised anti-TNF pegylated FAb’ frag-
ment, is safe and effective in the maintenance of response 
and remission following induction in active Crohn’s disease: a 
phase III study (PRECISE). Gut 2005 ;54(suppl VII):A82.

	53.	Sandborn WJ, Hanauer SB, Katz S, et al. Etanercept for ac-
tive Crohn’s disease: a randomized, double-blind, placebo 
controlled trial. Gastroenterology 2001; 121:1088-1094.

	54.	Van der Brande JM, Braat H, van den Brink GR, et al. Inflix-
imab but not etanercept induces apoptosis in lamina propria 
T-lymphocytes from patients with Crohn’s disease. Gastro-
enterology 2003; 124:1774-1785

	55.	Rutgeerts P, Lemmens L, Van Assche G, et al. Treatment of 
active Crohn’s disease with onercept (recombinant human 
soluble p55 tumor necrosis factor receptor): Results of a ran-
domized, open-label, pilot study. Aliment Pharmacol Ther 
2003; 17:185-192.

	56.	Rutgeerts P, Sandborn WJ, Fedorak RN, et al. Onercept for 
Moderate-to-Severe Crohn’s disease: A Randomised, Dou-
ble-Blind, Placebo Controlled Trial. Clin Gastroenterol Hep-
atol 2006; 4:888-893.

	57.	Ghosh S, Goldin E, Gordon FH, et al. Natalizumab for ac-
tive Crohn’s disease. N Eng J Med 2003; 348:24-32.

	58.	Sandborn WJ, Colombel JF, Enns R, et al. Natalizumab in-
duction and maintenance therapy for Crohn’s disease. N Eng 
J Med 2005; 353:1912-1925.

	59.	 Langer-Gould A, Atlas SW, Green AJ, Bollen AW, Pelletier 
D. Progressive multifocal leukoencephalopathy in a patient 
treated with natalizumab. N Engl J Med. 2005; 353:375-381. 
Abstract 

	60.	Kleinschmidt-DeMasters BK, Tyler KL. Progressive multi-
focal leukoencephalopathy complicating treatment with na-
talizumab and interferon beta-1a for multiple sclerosis. N 
Engl J Med. 2005; 353:369-374. Abstract 

	61.	Van Assche G, Van Ranst M, Sciot R, et al. Progressive 
multifocal leukoencephalopathy after natalizumab therapy 
for Crohn’s disease. N Engl J Med. 2005; 353:362-368. Ab-
stract 

	62.	Yousry TA, Major EO, Rysckewitsch et al. Evaluation of 
patients treated with natalizumab for progressive multifo-
cal leukoencephalopathy. N Engl J Med. 2006; 354:924-933. 
Abstract

xx xx xx 
xx x xx




