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Abstract: Pathogenesis of inflammatory bowel disease (IBD), including Crohn’s disease 

(CD) and ulcerative colitis (UC), continues to drive basic research to better decrypt their 

causal factor(s). Several key mediators involved in IBD pathogenesis have been identified 

and are considered as potential therapeutic targets. The best example of translational research 

(from bench to bedside) success is the demonstration that tumor necrosis factor (TNF)-alpha 

plays a critical role in IBD pathophysiology and that several monoclonal antibodies directed 

against TNF-alpha are effective tools in IBD treatment. Numerous high quality clinical tri-

als have proven that monoclonal anti-TNF-alpha antibodies (infliximab, adalimumab, and 

certolizumab pegol) are of great therapeutic value in luminal and/or fistulizing CD or UC, 

both as induction and as maintenance treatment (health authority approval is dependent on the 

country and on the antibody being used). Therefore, it is not excessive to state that they have 

become the mainstay in IBD therapy in 2013. Nevertheless, some important questions related 

to their use (in particular their long-term use) should be answered in the coming years. This 

paper reviews the most important data on efficacy and tolerance, and also aims to highlight 

several future goals for IBD treatment with anti-TNF-alpha monoclonal antibodies.

Keywords: anti-TNF-alpha monoclonal antibodies, inflammatory bowel disease, Crohn’s 

disease, ulcerative colitis, therapeutic efficacy

Introduction
The worldwide and continuous increase in the incidence of inflammatory bowel disease 

(IBD), which includes Crohn’s disease (CD) and ulcerative colitis (UC), represents a 

real therapeutic challenge in Western countries, but also, increasingly, in geographical 

areas usually considered less concerned with IBD. In addition, IBD mostly affects young 

adults, exposing them to relapsing digestive and non-digestive clinical symptoms, as 

well as to a significant decrease in quality of life and/or to disabling complications. 

Therefore, it is crucial to further improve our knowledge of IBD pathogenesis and 

develop new effective and less harmful treatments.

Before examining in detail how tumor necrosis factor (TNF)-alpha antibodies have 

changed the treatment of IBD, this introduction aims to give a summarized overview 

of the current pathophysiological hypotheses – as these hypotheses have been the basis 

of anti-TNF-alpha antibody development – before proceeding to the identification of 

potential targets for future therapeutics.
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TNF-alpha and IBD pathogenesis: the first 
steps of a rational decryption of immune 
and inflammatory responses leading  
to a crucial change in treatment 
possibilities and strategies
Following the first reports of the discovery of cytokines and 

the suggestion of their key role in immune and inflamma-

tory responses – in particular TNF-alpha, previously termed 

cachectin1 – research in both basic and clinical areas began 

in the mid-1980s. Before consideration of TNF-alpha as an 

important cytokine mediating IBD-inappropriate immune 

responses leading to intestinal lesions and, as a result, IBD 

clinical symptoms, the role of other cytokines, eg, interleukin 

(IL)-2, was suspected but was not conclusive.2–7  However, 

these data reinforced the hypothesis that monocytes, 

macrophages, and/or T-lymphocytes participated in IBD 

pathogenesis – at least as a “bypass” between the causal 

event(s) (still not clearly identified) – and the observed 

intestinal damage and their related clinical symptoms and 

complications. Therefore, considering TNF-alpha’s physi-

ological and pathogenic properties, and after Murch et al 

reported increased TNF-alpha serum concentrations in child-

hood IBD,8 we and others reported a relationship between 

TNF-alpha and IBD by examining TNF-alpha serum, stool, 

and/or intestinal mucosal concentrations.9–13 In addition, we 

reported that the level of TNF-alpha was not only increased 

in inflamed CD or UC mucosa, but was also increased in 

normal appearing mucosa, at least in CD.14 This observation, 

as well as data from Schreiber et al that showed that high 

production of TNF-alpha and IL-1beta in short-term culture 

of human lamina propria mononuclear cells predicted risk 

of relapse within 12 months,15 probably explained, at least in 

part, why postoperative recurrence is frequent in CD.16 Taken 

together, TNF-alpha appeared to be a logical target for IBD 

treatment. During this period, anti-TNF-alpha antibodies 

were developed, firstly chimeric antibodies (ie, infliximab), 

followed by humanized and human anti-TNF-alpha antibod-

ies (adalimumab and certolizumab pegol, respectively). As 

a result, the first report of efficacy of anti-TNF-alpha anti-

bodies in CD was published in 1995 by van Dullemen et al 

who used the monoclonal antibody cA2 (infliximab).17 In 

parallel, anti-TNF-alpha receptor (anti-TNFR) antibodies 

were developed in inflammatory rheumatologic diseases. 

Unfortunately these antibodies were found to be ineffective 

in IBD, in particular in CD as they have not been tested in 

UC.18–20 A number of key therapeutic trials demonstrated 

that anti-TNF-alpha antibodies strongly improved IBD 

outcome,21–25 and therefore should be considered as an 

outstanding and revolutionary progress for treatment of IBD 

patients, either in CD or in UC.

The rapidly growing identification  
of new important pathogenetic factors:  
a theoretical opportunity to increase our 
therapeutic armamentarium for treating 
IBD patients
Despite the considerable therapeutic impact of anti-TNF-

alpha antibody treatment in IBD, scientists and clinicians 

should continue to identify new therapeutic tools that are 

possibly more effective and/or safer than anti-TNF-alpha 

antibodies, and also identify molecules that provide relevant 

alternatives to anti-TNF-alpha antibody treatments, in par-

ticular for nonresponders, for patients who experienced loss 

of response, and for patients who need to stop anti-TNF-alpha 

antibody therapy because of unacceptable side effects. To 

achieve these objectives, the most important and difficult 

challenge to overcome is to find new relevant therapeutic 

targets, and as a consequence, to have a better and integrated 

understanding of CD and UC pathophysiology despite the 

more complex landscape provided by advances in genetics, 

knowledge of microbiota function in IBD, and the continuous 

unraveling of knowledge of intestinal innate and adaptative 

inflammatory and immune responses.

It is now commonly accepted that IBD develops in 

genetically susceptible individuals. Nevertheless, as IBDs 

are considered as polygenetic diseases, “gene therapy” 

seems outside the scope of future therapeutic develop-

ments. However, identif ication of genetic defects has 

increased our understanding of IBD pathogenesis. First, 

several defects clearly indicate that the intestinal micro-

biota probably plays an essential role in IBD onset. These 

results, in particular from data suggesting a link between 

defects in genes encoding factors involved in the inflamma-

tory and immune responses to intestinal bacteria, including 

pattern recognition receptors from the nucleotide-binding 

leucine-rich repeats receptor family (the first that was 

associated with CD being the NOD2/CARD15 gene)26,27 

and the toll-like receptor (TLR) family (eg, TLR4),28 genes 

encoding proteins involved in the autophagic process (eg, 

autophagy-related 16-like 1 protein gene ATG16L1 and 

immunity-related GTPase family, M protein gene IRGM), 

or genes important for the unfolded protein response,29,30 

greatly improve our understanding of the key pathways 

contributing to IBD. However, despite increasing amounts 
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of data to indicate an imbalance in IBD patients’ micro-

biota, it is not known if this dysbiosis is a primary factor 

(eg, resulting from early abnormalities occurring during 

tolerance acquisition), a secondary factor due to an inap-

propriate inflammatory/immune response to an initially 

normal intestinal flora, or if it is a consequence of the 

presence of harmful pathogen(s) usually not found in, 

or repressed by, the intestinal microbiota.31–33 Secondly, 

other genetic defects clearly affect the ability of the 

intestinal inflammatory/immune system – either innate or 

adaptative – to respond adequately to luminal factors physi-

ologically cleared by intestinal transit, which are able to 

cross the epithelial barrier – demonstrated to be defective 

in IBD.34 This complex interplay allowed identification of 

several potentially new therapeutic targets, in particular 

molecules involved in the intestinal inflammatory/immune 

network such as cytokines (eg, IL-12, IL-23, IL-13, etc) 

and integrins (eg, α4β7 integrins).35,36 Nevertheless, the 

tools triggering these targets (some of which have failed to 

demonstrate clinical relevance, and others that are currently 

being tested in clinical trials or are at a preclinical stage) 

relate to late disease stages following disease onset. New 

avenues are open to potentially increase our therapeutic 

armamentarium in IBD over the coming years.

Therapeutic tools in IBD
The main objectives of IBD treatment are to induce clini-

cal remission and to maintain it for as long as possible, to 

decrease the need for steroids (due to the side effects when 

used often or for long periods of time), to decrease the rate 

of uncontrolled disease complications, and to limit patients’ 

need for surgical treatment and their potential long-term 

consequences, thereby improving the patient’s quality of life. 

Until recently, treatment decisions were principally based on 

clinical response or remission. During the last few years, this 

clinical objective has been criticized as data suggest that on 

a long-term basis, mucosal healing as the main therapeutic 

objective should be considered more accurate and rational 

than clinical remission only.37

From 5-aminosalicylates to steroids  
to immunosuppressants (purines  
and methotrexate)
This topic has been reviewed by Pithadia and Jain.38 

 Aminosalicylates have represented the first line therapy in 

IBD. Nowadays, their use is restricted to treatment of mild 

to moderate UC, and as a chemopreventive therapy against 

dysplasia and colorectal cancer in extensive and chronic 

colonic IBD. Historically, sulfasalazine – a combination of 

5-aminosalicylic acid (5-ASA) and sulfapyridine linked by 

an azo bond – was the first aminosalicylate used in IBD. 

However, because it was demonstrated that sulfapyridine 

did not significantly contribute to sulfasazine’s therapeutic 

properties but instead was responsible for most of its side 

effects, pure 5-ASA derivatives have been developed. As it is 

beyond the scope of this review, we will not discuss in detail 

their therapeutic use in IBD. To summarize: (i) 5-ASA can be 

administered orally and/or locally (enemas or suppositories); 

(ii) 5-ASA suppositories are principally active in mild to 

moderate proctitis, or – in combination with oral 5-ASA – in 

mild or moderate extended UC in patients presenting clear 

symptoms of rectal syndrome; (iii) 5-ASA enemas are used 

in left-sided mild or moderate UC, alone or – if they are not 

effective – in combination with local steroids or oral 5-ASA 

as a second line treatment; (iv) oral 5-ASA represents the first 

line treatment for mild to moderate extensive (ie, extended 

over the left colonic flexure) UC; (v) oral 5-ASA has been 

demonstrated to prevent colonic IBD-associated dysplasia, 

in particular UC-associated dysplasia (at a dose half of 

that used for treating UC with mild to moderate flare-ups); 

(vi) 5-ASA either locally or orally administered probably 

does not contribute to maintenance of medically-induced 

remission in IBD; (vii) 5-ASA is currently not considered 

as an effective option in CD treatment strategy, and finally 

(viii) the role of 5-ASA to prevent postoperative recurrence 

in CD patients with ileocolonic resection, although debated, 

is supported by several authors, but only in patients having 

the lowest risk of recurrence.39,40

In CD, in mild to moderate UC failing 5-ASA treatment, 

and in patients with severe UC attacks, corticosteroids are 

considered as the reference treatment. In uncomplicated CD, 

oral corticosteroids, such as prednisone (or prednisolone), are 

the first treatment prescribed to patients at a dose of 1 mg/kg 

of body weight/day. In cases of nonresponse, intravenous (IV) 

corticosteroids can be tried for 5 to 7 days. Oral prednisone 

(or prednisolone) at a daily dose of 40 mg also represents 

the standard treatment for severe UC or for cases of 5-ASA 

failure in moderate UC. Finally, IV corticosteroids are also 

considered as the initial treatment for fulminant colitis. For 

this particular clinical presentation, their use should follow 

a strict therapeutic scheme adapted from the initial protocol 

established by Truelove and Witts.41 Notably, corticosteroids 

have never been proven as a good tool to obtain mucosal 

healing.42 In addition, considering their short- and long-term 

side effects, corticosteroids are never used as a maintenance 

treatment.
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Immunosuppressants – we focus here on purine analogs 

and methotrexate – have been increasingly used during the 

last decade specifically for maintenance treatment (purine 

analogs) and for induction and maintenance treatment 

(methotrexate). Azathioprine (AZA) and 6-mercaptopurine 

(6-MP) cannot be used for induction therapy as their efficacy 

is reached only after 3 months in most of patients. They 

are principally used in corticosteroid-dependent patients to 

achieve steroid-free remission and remission maintenance. 

Until now they have also been considered as the first line 

treatment to prevent early postoperative recurrence in CD 

patients who require ileocecal or ileocolonic resection and 

who have medium or high risk of early relapse. The dura-

tion of maintenance treatment with purine analogs has not 

been definitively established but several studies indicate that 

they should be taken for at least 5 years after initiation.43 To 

improve their efficacy/tolerance balance, their increasing use 

during the last two decades has prompted several strategies 

to optimize their use.44 Methotrexate, administered subcuta-

neously once-weekly initially at a dose of 25 mg/week and 

progressively decreasing to a dose of 15 mg/week if active, 

is often more rapidly active than purine analogs (after a 

2 month delay). Therefore, methotrexate is sometimes used 

as an induction treatment in mild to moderate corticosteroid 

refractory IBD. Nevertheless, like 6-MP and AZA, metho-

trexate is more frequently used as a maintenance treatment 

in corticosteroid-dependent patients who have failed, or who 

present with serious adverse events, to purine analogs. Its 

teratogenicity is the major restriction for its use in young 

patients who potentially wish to have children.

Mechanism of action, efficacy, safety, 
and tolerance of anti-TNF-alpha 
treatments
As stated earlier, the availability of anti-TNF-alpha antibody 

therapy for IBD represents an outstanding progress in patient 

management.

Mechanisms of therapeutic action  
of anti-TNF-alpha antibodies in IBD
The initial hypotheses leading to the development of anti-

TNF-alpha antibodies as an IBD therapeutic tool resulted 

in the generation of data indicating that TNF-alpha repre-

sents a key cytokine involved in CD and UC.8–15 TNF-alpha 

is a transmembrane homotrimeric protein that is mainly 

expressed on, and secreted by, activated macrophages and 

T-lymphocytes. After proteolytic cleavage of the extracel-

lular domain of the membrane-bound TNF-alpha, these cells 

release soluble TNF-alpha. Both forms of TNF-alpha are 

able to bind to TNF-alpha receptor (TNFR)-1 or -2. After 

binding to TNFR-1 or -2, TNF-alpha activates several intrac-

ellular transduction pathways that lead to its physiological and 

pathological effects. TNF-alpha has been demonstrated to be 

an essential mediator in numerous immunological responses 

that include the downstream induction of ILs (eg, IL-1, IL-6, 

interferon-γ), adhesion molecules (eg, intracellular adhesion 

molecule-1), production of other inflammatory mediators, 

cell survival, differentiation, apoptosis, or necrosis.45

However, soon after the use of anti-TNF-alpha antibod-

ies in IBD (and the fact that anti-TNFR antibodies were 

ineffective in IBD) it appeared that they do not act only 

by neutralizing TNF-alpha.46 Infliximab and adalimumab 

have also been demonstrated to induce monocyte and T-cell 

apoptosis,47–49 antibody-dependent cell-mediated cytotoxicity, 

and complement-dependent cytotoxicity.50–52 However, it is 

not certain if these properties are essential for anti-TNF-alpha 

antibody effects as certolizumab pegol does not induce these 

effects despite being effective for treating IBD. Recently, it has 

been suggested that besides neutralizing TNF-alpha, all three 

anti-TNF-alpha antibodies currently being used may also act 

by binding to Fc-receptors, thereby inducing the formation of 

a specific subset of macrophages exhibiting immunosuppres-

sive capacities such as the production of anti-inflammatory 

cytokines or the inhibition of T-cell proliferation.53,54

Anti-TNF-alpha antibody efficacy  
in luminal CD
The first demonstration of the clinical efficacy of anti-TNF-

alpha antibodies was provided in luminal CD by Targan 

et al who used a chimeric monoclonal anti-TNF-alpha anti-

body (cA2, also named infliximab or Remicade®, Centocor 

Ortho Biotech, Inc, Horsham, PA, USA).21 The antibody 

was a chimeric complement-fixing immunoglobulin IgG1 

composed of 25% murine-derived variable region and 75% 

human constant region.21 This multicenter, double-blinded, 

randomized, placebo-controlled trial (RCT: randomized 

controlled trial) enrolled 108 CD patients with moderate to 

severe predominantly luminal disease (mean Crohn’s dis-

ease activity index [CDAI] of approximately 300 in all four 

study groups). The trial showed that 4 weeks after a single 

infliximab infusion, 81% of patients receiving a 5 mg/kg 

dose had a clinical response (ie, remission when CDAI was 

lower than 150, or had a response when CDAI decreased by 

more than 70 points when compared to the baseline CDAI) 

in comparison to 50%, 64%, and 17% of patients receiving 

10 mg/kg, 20 mg/kg, or placebo, respectively (Table 1).21 After 
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Table 1 Summarized results of the major randomized controlled trials concerning efficacy of anti-tumor necrosis factor-alpha 
antibodies in luminal Crohn’s disease

Author  
(references)

Number 
of patients

Treatment Primary outcomes (P-value, versus placebo)

Infliximab (cA2)
Targan et al21

Hanauer et al22

Adalimumab
Hanauer et al63

Sandborn et al64

Colombel et al65

Panaccione et al67

Certolizumab
Sandborn et al71

Schreiber et al72

108 (1:1:1:1)

335 (1:1:1)

299 (1:1:1:1)

276 (1:1:1 for  
randomized groups)

854 (1:1:1)

467 (1:1:1)

299 (1:1)

213 (1:1)

Induction (single infusion)  
– 20 mg/kg
– 10 mg/kg
– 5 mg/kg
– Overall cA2
– Placebo
Maintenance  
– 5 mg/kg; each 8 weeks
– 10 mg/kg; each 8 weeks
– Placebo

Induction  
– 40/20 mg; week 0/2
– 80/40 mg; week 0/2
– 160/80 mg; week 0/2
– Placebo; week 0/2
Maintenance
– 40 mg eow (56 weeks)
– 40 mg ew (56 weeks)
– Placebo
Maintenance  
– 40 mg eow (56 weeks)
– 40 mg ew (56 weeks)
– Placebo
Maintenance  
– 40 mg eow (116 weeks)
– 40 mg ew (116 weeks)
– Placebo

Induction  
– 400 mg; week 0/2/4
– Placebo; week 0/2/4
Maintenance (CRP . 10 mg/L)  
– 400 mg; every 4 weeks
– Placebo; every 4 weeks

Response (%) (week 4/12)/remission (week 4/12)
64 (0.01) 46 (0.05)  25 (NS)
50 (0.05) 29 (0.05)  18 (NS)
81 (0.001) 48 (0.05)  30 (NS)
65 (0.001) 41 (0.008) 33 (0.005) 24 (0.31)
17 12 4 8
Remission (%) (week 30/54)/response (week 30/54)
39 (0.003) 30 (0.007) 52 (0.0002) 59 (0.0001)
45 (0.002) 39 (0.0001) 38 (0.0001) 44 (0.0001)
21 13 27    16

Remission (%) (week 4)
18 (NS)
24 (NS: P=0.06)
36 (0.001)
12
Remission (%) (week 56)
79 (0.05)
83 (0.05)
44
Remission (%) week 26/week 56
40 (0.001)      36 (0.001)
47 (0.001)      41 (0.001)
17         12
Remission (%) week 116
41.9 (NS)
49.8 (NS)
37.6

Response (%)  week 6/week 26
35 (0.02)       23 (0.02)
27          16
Response (%) (week 26)
62 (0.001)
34

Abbreviations: eow, every other week; ew, every week; NS, not significant; CRP, C-reactive protein.

this induction study, infliximab’s efficacy as a maintenance 

treatment in luminal CD was demonstrated in the ACCENT 

(A Crohn’s Disease Clinical Trial Evaluating Infliximab in 

a New Long-term Treatment Regimen) 1 trial (Table 1).22 

These results have also been confirmed in several reports of 

infliximab use in clinically relevant settings.55–57 For example, 

Schnitzler et al published results of long-term infliximab 

treatment in a single center cohort of 614 CD patients (mean 

follow-up period of 55 months).57 They found that 63.4% of 

patients on maintenance treatment had sustained remission 

or clinical response; 68.3% of these patients were still being 

treated with infliximab at the end of the reported study period. 

Nearly 11% (10.9%) of patients were initially nonresponders, 

and treatment needed to be stopped in 12.8% of patients 

due to side effects and in 21.6% of patients due to loss of 

response.57 They also confirmed that episodic treatment, 

when compared to scheduled treatment, did not affect the 

annual dropout rate (in their experience), that less patients on 

scheduled treatment needed hospitalization or surgery, and 

that steroid withdrawal was possible in a higher proportion 

of patients on scheduled treatment. In our own experience 

with 58 CD patients receiving induction therapy (5 mg/kg of 

body weight at weeks 0, 2, and 6) followed by maintenance 

treatment every 8 weeks if they were responders at the end 

of the data collection (week 54), 65.5% were in remission, 

5.2% had a clinical response, and the remaining 29.3% were 

considered as treatment failures.58 There was no statisti-

cally significant difference between fistulizing- (n = 29) or 
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luminal-predominant (n = 29) CD patients. Steroid withdrawal 

was possible in 87.5% of patients. Patients treated for per-

sistent fistula without concomitant luminal active disease 

were the best  responders. No other factor studied was associ-

ated with efficacy. Fifty percent of patients had at least one 

adverse event, and these were mostly infectious or dermato-

logical side effects.59 Recently, comparable results have been 

reported by Sparkes et al.60 The usefulness of concomitant 

immunosuppressive therapy at the time of infliximab induc-

tion treatment to decrease immune-allergic side effects or to 

increase therapeutic efficacy has been questioned in several 

substudies and retrospective studies. Recently, the SONIC 

(Study of Biologic and Immunomodulator Naïve Patients in 

Crohn’s Disease) study compared the efficacy and safety of 

combination therapy, infliximab alone, and AZA alone.61 It 

is important to note that only CD patients who had not been 

previously treated by either immunosuppressive or biologic 

therapy (treatment “naïve” patients) were enrolled. Patients 

receiving combination therapy (infliximab at 5 mg/kg of body 

weight for the induction and maintenance scheme, and AZA 

at 2.5 mg/kg of body weight daily) were more frequently in 

steroid-free remission at week 26 (the primary endpoint) than 

those treated with infliximab alone (P = 0.02) or AZA alone 

(P  0.001) (56.8% versus 44.4% versus 30.0%, respectively). 

In addition, infliximab alone was significantly more effective 

than AZA alone (P = 0.006).61 Similar trends were observed 

at week 50.61 However, these results raised the question of 

the optimal duration for combination therapy, especially with 

respect to the severe life threatening (although rare) hepatos-

plenic lymphomas reported in CD patients on infliximab-AZA 

combination treatment (see section on “Safety [and side 

effects] of anti-TNF-alpha therapy”).62

Adalimumab (Humira®, Abbvie, Inc, Chicago, IL, USA) 

is a fully humanized human anti-TNF-alpha IgG1 mono-

clonal antibody. In contrast to infliximab, it is administered 

subcutaneously. Because it does not contain mouse peptides, 

it is expected that patients are less likely to develop antibod-

ies against adalimumab and as a consequence, will present 

with less hypersensitivity reactions (see section on “Safety 

[and side effects] of anti-TNF-alpha therapy”) and loss of 

response due to neutralization of the therapeutic antibody. The 

CLASSIC (Clinical Assessment of Adalimumab Safety and 

Efficacy Studied as Induction Therapy in Crohn’s Disease) 1 

study, a RCT therapeutic trial, has demonstrated adalimumab’s 

efficacy in moderate to severe anti-TNF-alpha antibody naïve 

CD patients.63 Patients (n = 299) with moderate to severe CD 

were assigned to receive a 4-week induction treatment with 

either adalimumab at 40 mg at week 0 and 20 mg at week 2, 

adalimumab 80 mg/40 mg, 160 mg/80 mg, or placebo. The 

primary endpoint, clinical remission (CDAI  150) at week 4, 

was achieved in 18% (not significantly different versus placebo 

at 12%), in 24% (P = 0.06, not significantly different versus 

placebo), and in 36% (P = 0.001 versus placebo) of patients, 

respectively, with response rates of 37% for the 80 mg/40 mg 

dose and of 49% for the 160 mg/80 mg dose (compared with 

23% in the placebo group) (Table 1).63 The CLASSIC I study 

was followed by the CLASSIC II trial which included patients 

in remission at week 4 in the CLASSIC I cohort. They received 

open-label 40 mg adalimumab for 4 weeks before randomiza-

tion to receive maintenance treatment of 40 mg adalimumab 

every other week (eow), 40 mg adalimumab every week, or 

placebo for 56 weeks.64 Remission rates and clinical response 

rates were significantly higher in both active arms when com-

pared to placebo (remission rates: 40 mg eow = 79%, 40 mg 

weekly = 83%, placebo = 44%, P  0.05) (Table 1).64 These 

results were confirmed in the CHARM (Crohn’s Trial of the 

Fully Human Antibody Adalimumab for Remission Mainte-

nance) trial, a large scale Phase III trial (n = 854).65 After an 

open-label induction treatment of adalimumab 80 mg followed 

by 40 mg 2 weeks later, patients were randomized in the same 

manner as the CLASSIC 2 study. Additionally, patients who 

presented a CD flare-up at week 12 could switch to an open-

label 40 mg eow adalimumab treatment. Remission rates were 

significantly higher in both active arms at weeks 26 and 56 

(36% and 41%, respectively, versus 12% in placebo-treated 

patients  at week 56, P  0.001) with no statistically signifi-

cant difference between adalimumab administered at 40 mg 

eow and 40 mg weekly for maintenance treatment (Table 1).65 

Neither previous anti-TNF-alpha therapy with concomitant 

immunosuppressive treatment or baseline C-reactive protein 

(CRP) concentration affected remission rates, response rates, 

or steroid-free clinical remission (29% for adalimumab 40 mg 

eow at week 56 versus 23% for weekly treatment versus 3% in 

the placebo group, at week 56 P  0.001 only for adalimumab 

eow).65 The GAIN (Gauging Adalimumab efficacy in Inflix-

imab Nonresponders) study also reported that a proportion of 

patients who previously lost response to infliximab, or who had 

stopped infliximab due to unacceptable side effects, responded 

to adalimumab.66 Following the CHARM trial, 467 patients 

who successfully completed the trial, entered the ADHERE 

(Additional long-term Dosing with Humira to Evaluate sus-

tained remission and Efficacy in Crohn’s disease) study, an 

open-label extension of maintenance treatment. Those from the 

blinded groups were treated with adalimumab administered at 

40 mg eow, and those who changed to an open-label treatment 

with adalimumab administered at either 40 mg eow or 40 mg 
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weekly during the CHARM study continued their previous 

adalimumab administration schedule (eow or weekly).67 After 

a treatment period of up to 2 years, 41.9%, 49.8% and 37.6% 

of patients who were initially randomly assigned to receive a 

maintenance treatment of adalimumab administered at 40 mg 

eow, 40 mg weekly, or placebo, remained in clinical remis-

sion with a sustained improvement in quality of life for all 

three groups as  measured by the Inflammatory Bowel Disease 

Questionnaire.67 As reported for infliximab in the SONIC study, 

a recently published retrospective study performed in Oxford 

(UK) and Liège (Belgium) reported that adalimumab combined 

with immunosuppressive therapy during the first semester of 

treatment slightly improved adalimumab’s efficacy (5% versus 

10%, P = 0.04, odds ratio of 0.48), fewer semesters with flare-

ups (14% versus 36%, P = 0.02, odds ratio of 0.31), and a lower 

need for dosage escalation during maintenance therapy.68

The third anti-TNF-alpha antibody which can be pre-

scribed in several countries for CD treatment is certolizumab 

pegol (CDP870 or Cimzia®, UCB S.A., Brussels, Belgium), 

a polyethylene-glycosylated (PEG) Fab′ fragment of a human-

ized anti-TNF-alpha monoclonal antibody. The addition of 

PEG increased the antibody half-life (which is normally less 

for the Fab′ fragment when compared to the whole antibody) 

and decreased its distribution volume and clearance.69 Follow-

ing an encouraging but mitigated Phase II placebo-controlled, 

randomized, dose-finding study,70 two Phase III trials (PRECiSE 

[Pegylated Antibody Fragment Evaluation in Crohn’s Disease: 

Safety and Efficacy] 1 and PRECiSE 2) demonstrated its 

efficacy in luminal CD both as induction and maintenance 

treatments.71,72 In the  PRECiSE 1 study, patients received either 

induction therapy with 400 mg certolizumab pegol (subcutane-

ous injection) at weeks 0, 2, and 4 (n = 329) or placebo (n = 331), 

followed by maintenance therapy of 400 mg every 4 weeks from 

week 8 to 26.71 Although remission rates did not differ at weeks 

6 and 26, clinical response (100 points less than baseline CDAI, 

the primary endpoint of the study) was significantly higher 

in the treated group at both time points (23% versus 16% at 

the two points of measurement, P = 0.02) (Table 1).71 In the 

PRECiSE 2 trial, both the treated and placebo groups received 

an open-label induction treatment (the same induction scheme 

as in PRECiSE 1) with a remission rate of 43% (289 from 

668 patients) and a response rate (100 points less than baseline 

CDAI) of 64% (428 of 668 patients) (Table 1).72 Following this 

open-label induction phase, only patients who achieved clinical 

response were randomized to receive either maintenance treat-

ment (400 mg certolizumab pegol every 4 weeks) or placebo 

until week 26. In intention-to-treat analysis, response rates 

were 63% and 36%, respectively (P  0.001), and remission 

rates were 48% and 29%, respectively (P  0.001).72 In both 

the PRECiSE 1 and 2 studies, patients with a baseline CRP 

blood concentration $ 10 mg/L showed higher response and 

remission rates. A subanalysis of PRECiSE 2 results does not 

show a better response to certolizumab pegol in those patients 

on immunosuppressive therapy at inclusion compared to those 

naïve of immunosuppressants.72 These results on long-term 

efficacy were confirmed in the PRECiSE 3 study for 18 months 

of treatment with certolizumab pegol.73

Studies comparing the three monoclonal anti-TNF-alpha 

antibodies directly are not available (and probably will never be 

performed). However, a meta-analysis by Peyrin-Biroulet et al 

does not show any difference between these three antibodies 

for induction and maintenance treatment of luminal CD.74

Anti-TNF-alpha antibody efficacy  
in fistulizing CD
Fistulizing CD often requires multimodal combined medical 

and surgical treatment, as surgical treatment alone has shown 

its limitations and potential dangers.75 The first evidence 

for anti-TNF-alpha monoclonal antibody efficacy for CD 

fistula treatment was demonstrated both for induction and 

maintenance treatment using infliximab.23

In 1999, Present et al reported, in an RCT, a reduction of 

more than 50% in draining fistulas during at least two con-

secutive study visits in 68% and 56% of the 94 participating 

CD patients, with draining abdominal or perianal fistulas 

of at least 3 months duration, receiving either a 5 mg/kg of 

body weight (n = 31) or a 10 mg/kg of body weight (n = 32) 

induction treatment with infliximab (infusion at week 0, 2, 

and 6).23 This reduction was statistically significant when 

compared with the placebo group (n = 26) with P-values of 

0.002 and 0.02, respectively (Table 2).23 The second endpoint 

(complete closure of all draining fistulas) was achieved in 

55% and 38% of treated patients when compared with 13% of 

patients receiving placebo (P = 0.001 and 0.04,  respectively) 

(Table 2).23 This induction trial was followed by a maintenance 

study showing that at week 54, 36% of patients receiving 

5 mg/kg of infliximab every 8 weeks following an induction 

treatment had complete closure of all draining abdominal or 

perianal fistulas, compared with 19% of the placebo group 

(P = 0.009) (Table 2).24 In addition, the time to loss of response 

was shown to be significantly longer in treated patients (.40 

weeks versus 14 weeks, P  0.001) (Table 2).24 It is important 

to note that more than 85% of patients in both the induction 

and maintenance trials had perianal fistula; this means that the 

results of these studies can probably not be strictly extrapo-

lated to enterocutaneous (abdominal) or rectovaginal fistulas. 
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Table 2 Summarized results of the major randomized controlled trials concerning efficacy of anti-tumor necrosis factor-alpha 
antibodies in fistulizing Crohn’s disease

Author  
(reference)

Number 
of patients

Treatment Primary outcomes (P-value, versus placebo)

Infliximab
Present et al23

Sands et al24

Adalimumab
Colombel et al78

Certolizumab
Schreiber et al80

94 (1:1:1)

282 (1:1)

117 (1:1:1)  
of responders  
4 weeks after  
induction

58 (1:1)  
of responders  
6 weeks after  
induction

Induction (week 0/2/6)  

– 10 mg/kg
– 5 mg/kg
– Overall cA2
– Placebo
Maintenance
– 5 mg/kg; each 8 weeks
– Placebo

Maintenance  
After open-label induction
80/40 mg; week 0/2
– 40 mg eow
– 40 mg ew
– Placebo eow

– 40 mg eow
– 40 mg ew
– Both adalimumab groups
– Placebo

Maintenance  
After open-label induction
400 mg eow (0/2/4)

– 400 mg; each 4 weeks
– Placebo; each 4 weeks

Response (%): decrease of $50% draining fistulas  
at $2 consecutive visits
56 (0.02)
68 (0.002)
62 (0.002)
26
Time to loss of response/complete closure (week 54)
.40 weeks (0.001)    36 (0.009)
14          19

Complete fistula closure (%) (week 56)

Results for both adalimumab groups
33 (0.05)
13
Mean number of draining fistula
0.85
0.91
0.88 (0.002)
1.34

Response 1 (%): protocol-defined fistula closure  
and $50% draining fistulas at 2 consecutive post-baseline  
visits $ 3 weeks apart (week 26)
Response 2 (%): protocol-defined fistula closure
and 100% fistula closure (week 26)
54 (NS)/36 (0.038)
43/17

Notes: eow, every other week; ew, every week; NS, not significant.

To our knowledge, except for several case reports, only one 

study has retrospectively addressed the question of infliximab’s 

efficacy in enterocutaneous fistula closure.76 The outcome of 42 

patients treated with infliximab (n = 38), adalimumab (n = 1), 

or infliximab followed by adalimumab (n = 3) for spontaneous 

(n = 24) or postoperative (n = 18) fistulas (small bowel: n = 21, 

ileocolonic anastomosis: n = 15, duodenum: n = 1, and colon: 

n = 1) were analyzed. Complete closure was observed in 38% 

of patients with a median time to closure of 83 days.76 Results 

were better in spontaneous and in simple fistulas.76 Finally, it is 

important to mention that exposure to infliximab (in patients 

with no abscess at the time treatment was started) does not 

significantly increase the risk of abscess development over 

time in fistulizing CD patients.77

Specific data concerning fistula closure in patients treated 

with adalimumab are not available. Therefore, its effect 

in perianal CD can only be assessed by post hoc analysis. 

The post hoc analysis of the CHARM study has shown that 

adalimumab reduced the average number of draining fistulas 

per day after 56 weeks of treatment (0.88 versus 1.34 draining 

fistulas per day in the adalimumab and the placebo groups, 

respectively, P  0.002) (Table 2).78 Most of the patients 

who had closed fistulas at the end of this period (90%) 

maintained closure after open-label additional adalimumab 

treatment for 1 year (Table 2).78 Additional information was 

gained from the open-label single arm CHOICE (Crohn’s 

disease wHO failed prior Infliximab to Collect safety data 

and Efficacy via patient-reported outcome measures) trial.79 

It enrolled patients failing infliximab therapy. The patients 

received a 160/80 mg induction treatment followed by a 

40 mg eow maintenance treatment of adalimumab. Among 

the 88 patients having at least one draining fistula at adali-

mumab initiation, complete fistula healing was possible in 

34 patients (39%).79 However, the follow-up duration was too 

short (maximum 36 weeks) to conclude that the benefit was 

long-term.79 This improvement in perianal disease also has 

an impact on quality of life and the ability to work normally 

was sustained until week 24 in all patients.80
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Table 3 Summarized results of the major randomized controlled trials concerning efficacy of anti-tumor necrosis factor-alpha 
antibodies in ulcerative colitis treatment

Author  
(reference)

Number 
of patients

Treatment Primary outcomes (P-value, versus placebo)

Infliximab
Rutgeerts et al25

 ACT 1

 ACT 2

Adalimumab
Reinisch et al88

Sandborn et al91

364 (1:1:1)

364 (1:1:1)

390 (1:1:1)

276 (1:1)

Induction (week 0/2/6)  
– 10 mg/kg
– 5 mg/kg
– Placebo
Maintenance  
– 10 mg/kg; each 8 weeks
– 5 mg/kg; each 8 weeks
– Placebo

– 10 mg/kg; each 8 weeks
– 5 mg/kg; each 8 weeks
– Placebo
Induction (week 0/2/6)  
– 10 mg/kg
– 5 mg/kg
– Placebo
Maintenance  
– 10 mg/kg; each 8 weeks
– 5 mg/kg; each 8 weeks
– Placebo
Maintenance (continued)
– 10 mg/kg; each 8 weeks
– 5 mg/kg; each 8 weeks
– Placebo

Induction  
– 160/80/40 mg; week 0/2/4
– 80/40/40 mg; week 0/2/4
– Placebo; week 0/2/4
Induction
– 160/80/40 mg; week 0/2/4
– Placebo; week 0/2/4
Maintenance  
– 40 mg eow (56 weeks)
– Placebo; week 0/2/4

Response (%)*/remission#/mucosal healing# (week 8)
61.5 (0.001) 32.0 (0.002)   59.0 (0.001)
69.4 (0.001) 38.8 (0.001) 62.0 (0.001)
37.2     14.9     33.9
Response (%)# (week 30/54)/remission# (week 30/54)
50.8 (0.002)  44.3 (0.001) 36.9 (0.001)  34.4 (0.001)
52.1 (0.001) 45.5 (0.001) 33.9 (0.001)  34.7 (0.001)
29.8     19.8      15.7     16.5
Mucosal healing# (week 30/54)/response# woc (week 30/54)
49.2 (0.001) 46.7 (0.001) 19.2 (NS)  16.4 (NS)
50.4 (0.001) 45.5 (0.001) 24.3 (0.030)      25.7 (0.006)
24.8     18.2     10.1      8.9
Response (%)*/remission#/mucosal healing# (week 8)
69.2 (0.001) 27.5 (0.001) 61.7 (0.001)
64.5 (0.001) 33.9 (0.001) 60.3 (0.001)
29.3     5.9      30.9
Response# (week 30)/remission# (week 30)
60.0 (0.001) 35.8 (0.001)
47.1 (0.001) 25.6 (0.003)
26        10.6
Mucosal healing# (week 30)/response# woc (week 30)
56.7 (0.001) 27.3 (0.001)
46.3 (0.009)  18.3 (0.010)
30.1     3.3

Remission (%)*/response#/mucosal healing# (week 8)
18.5 (0.031)  54.6 (NS)   46.9 (NS)
10 (NS)    51.5 (NS)   37.7 (NS)
9.2      44.6     41.5
Remission (%)*/response*/mucosal healing* (week 8)
16.5 (0.05)  50.4 (0.005) 41.1 (0.05)
9.3      34.6     31.7
Remission (%)*/response*/mucosal healing* (week 52)
17.3 (0.005) 30.2 (0.05)  25.0 (0.05)
8.5       18.3     15.4

Note: *primary end point; # secondary end point.
Abbreviations: eow, every other week; NS, not significant; woc, without corticosteroids; ACT, Active Ulcerative Colitis Trial.

The PRECiSE 3 study examined the effects of cer-

tolizumab pegol on fistula healing among patients having 

draining fistula(s) when they entered the PRECiSE 2 trial. At 

week 26, 36% of the patients from the treatment group had 

complete fistula closure compared to 17% from the placebo 

group (P = 0.038) (Table 2). Again, data on the long-term 

effect on fistulas closure (at least 12 months) are not avail-

able at this time.80

Anti-TNF-alpha antibody efficacy in UC
The efficacy of infliximab to induce and maintain clinical 

response or remission in UC has been demonstrated in two 

RCTs (the Active Ulcerative Colitis Trials 1 and 2 [ACT 1 

and the ACT 2] studies) published in 2005.25 Patients with 

moderate to severe UC (n = 364 in each trial) received an 

induction treatment followed by a maintenance treatment 

until week 46 (end of follow-up was week 54) or week 22 (end 

of follow-up was week 30) in the ACT 1 and ACT 2 studies, 

respectively. Considering the induction treatment, 69.4% 

of patients receiving 5 mg/kg of infliximab and 61.5% of 

patients receiving infliximab at 10 mg/kg achieved clinical 

response at week 8 in the ACT 1 study (versus 37.2% in the 

placebo group, P  0.001) (Table 3). In the ACT 2 study, the 

response rates at week 8 were 64.5% (5 mg/kg  infliximab), 

69.2% (10 mg/kg infliximab), and 29.3% (placebo group) 

(P  0.001 versus the placebo group) (Table 3).25 Clinical 
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response was defined as a decrease of at least three points in 

the global Mayo score, with a decrease of at least one point in 

the subscore for rectal bleeding, or an absolute rectal bleed-

ing subscore of one or zero. At week 30, patients receiving 

infliximab (in both trials) more frequently had a prolonged 

clinical response (P # 0.002), and in the ACT 1 study, 45.5% 

(5 mg/kg infliximab), 44.3% (10 mg/kg infliximab), and 

19.8% (placebo group) of patients had a clinical response 

(P  0.001) (Table 3).25 Both studies showed a maintained 

improvement in quality of life.25 These results were con-

firmed in retrospective studies on long-term follow-up in  

unselected UC patients treated with infliximab,81–83 with 

reports of a need for dose escalation to maintain clinical 

remission or maintenance in approximately half of the 

patients.83 Patients requiring dose escalation had lower sus-

tained remission/response rates and needed colectomy more 

often.83 A long-term extension study of ACT 1 and ACT 2 

was published in 2012, showing that for up to 3 additional 

years, infliximab in UC was effective and well tolerated.84 

Finally, infliximab has been shown to be a valuable alternative 

to cyclosporine for treating acute severe UC refractory to IV 

steroid treatment.85–87 In a recent randomized study, Laharie 

et al and the GETAID (Groupe d’Etudes Thérapeutiques des 

Affections Inflammatoires du tube Digestif) demonstrated 

that cyclosporine (n = 55 patients) is not more effective 

than infliximab (n = 56) in achieving short-term remission 

or avoiding colectomy in acute severe UC attacks refractory 

to a well-conducted IV steroid treatment scheme.87

Adalimumab has been approved for clinical use in the 

US and in France for the treatment of UC. Evidence of 

adalimumab’s efficacy in UC first came from open-label or 

retrospective studies. Recently, two RCTs addressed the ques-

tion of adalimumab’s efficacy in induction and maintenance 

treatment in UC.88,91 Reinisch et al reported on the results of a 

RCT in remission induction.88 All enrolled patients (n = 186) 

were naïve to anti-TNF-alpha therapy and failed, or did not 

tolerate, treatment with steroids or immunomodulators. They 

randomly received a 160/80 mg adalimumab induction regimen, 

a 80/40 mg initial dose, or placebo, with clinical remission at 

week 8 (assessed by a full Mayo score # 2) as the primary 

endpoint. Clinical remission was observed in 18.5%, 10%, and 

9.2% of patients, respectively, with a statistically significant 

difference between the 160/80 mg and the placebo groups 

(P = 0.031) (Table 3).88 No difference was found for clinical 

response but the differences for the rectal bleeding subscore 

(P = 0.038) and the physician global assessment (P = 0.035) 

were statistically significant.88 Post hoc analysis revealed that 

several factors predicted low remission rates: more active 

disease, more extended mucosal inflammation, and a baseline 

CRP concentration $ 10 mg/mL.88 As a continuation of this 

induction trial, 390 patients (from all 3 study groups) were 

open-label treated with 40 mg adalimumab eow beginning 

at week 8, until week 52, with the possibility of switching to 

40 mg weekly for nonresponding patients or patients present-

ing with a UC flare-up. At week 52, with patients necessitating 

dose escalation considered as treatment failures, 25.6% were in  

clinical remission.89 A post hoc analysis, where dose escala-

tion as a failure was not considered, found a response rate of 

29.5% at week 52.90 The second RCT (the ULTRA [Ulcerative 

colitis long-term remission and maintenance with adalimumab] 

2 trial) enrolled 494 patients on concomitant oral steroids or 

immunosuppressive therapy and stratified patients according 

to prior treatment with anti-TNF-alpha antibodies.91 Patients 

received either 160 mg of adalimumab at week 0, 80 mg at 

week 2 followed by 40 mg eow, or placebo. At week 8, 16.5% of 

patients in the treatment group were in clinical remission com-

pared with 9.3% of patients in the placebo group (P = 0.019) 

(Table 3).91 At week 52 (end of the maintenance phase) overall 

remission rates were 17.3% and 8.5%, respectively (P = 0.004) 

(Table 3).91 In anti-TNF-alpha naïve patients, remission rates 

were 21.3% for treated patients (versus 11% for patients on 

placebo, P = 0.017) at week 8 and 22% versus 12.4% at week 

52 (P = 0.029).91 In patients who had previously received anti-

TNF-alpha agents, the corresponding remission rates were 9.2% 

versus 6.9% (P = 0.559) and 10.2% versus 3% (P = 0.039) at 

week 8 and 52, respectively.91 Certolizumab pegol has not been 

studied in UC patients.

Loss of response, dose adaptation,  
and switching to another anti-TNF-alpha 
antibody
Despite the high clinical response rates, loss of response or 

occurrence of adverse effects not compatible with treatment 

maintenance develops in a substantial number of patients. 

Table 4 Recommended treatment regimens of anti-tumor necrosis 
factor-alpha antibodies in inflammatory bowel disease patients

Antibody 
(brand name)

Induction treatment Maintenance  
treatment

Infliximab  
(Remicade®)

Adalimumab  
(Humira®)

Certolizumab  
pegol (Cimzia®)

Intravenous infusion (IV):  
5 mg/kg body weight (BW)  
at week (w) 0, 2 and 6
Subcutaneous injection (SC):  
160 mg (w0), 80 mg (w2),  
40 mg (w4)
400 mg SC at w0, 2 and 4

5 mg/kg BW IV  
each 8 weeks

40 mg SC every  
2 weeks

400 mg SC every  
4 weeks
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In order to standardize the concept of loss of response, it 

is important to distinguish it from primary nonresponse. 

For infliximab, primary nonresponse can be defined as the 

absence of clinical improvement following the first 8-week 

interval in patients who received a classical induction scheme 

(Table 4). For adalimumab, primary nonresponse is defined 

by the absence of response at the first 40 mg injection fol-

lowing a 160/80/40 mg induction regimen (Table 4).

Definition of loss of response per se remains controversial 

and has been recently detailed and discussed by Ben-Horin 

and Chowers.92 They proposed mechanisms responsible for 

loss of response including non-inflammatory mechanisms 

(eg, obstructive fibrostenotic strictures during anti-TNF-alpha 

treatment needing surgery), loss of anti-TNF-alpha activity 

due to antidrug antibodies, and uncontrolled IBD flare-up 

despite adequate anti-TNF-alpha treatment.92 Several strat-

egies have been proposed to avoid, or at least to delay, the 

time to loss of response. For infliximab, it has been shown 

that a scheduled treatment with a long-term maintenance 

period is more effective than episodic treatment, and that 

this elicits less immunogenicity and decreases the need for 

hospitalization or surgery.93,94 The role of steroids to decrease 

anaphylactic episodes has not been clearly proven although 

steroids seem to be able to reduce immunogenicity.95 In 

contrast, concomitant immunosuppression, at least at the 

beginning of infliximab treatment, has been suggested to 

reduce the formation of antibodies to infliximab (ATI) and 

to increase the time of maintenance of clinical benefit.95,96 

Additionally, and as stated earlier, the recent SONIC trial had 

shown significantly better and sustained remission/response 

rates in patients treated with the combined infliximab/AZA 

regimen.61 It is important to note (see also “Conclusion and 

future developments”) that at week 26, 43.9% of patients on 

combination therapy achieved mucosal healing, compared 

with 30.1% in the infliximab group (P = 0.06 versus combina-

tion therapy), and with 16.5% in the AZA group (P  0.001 

and P = 0.02, respectively, versus the two other groups).96

Because they are human or humanized monoclonal 

antibodies respectively, adalimumab and certolizumab 

pegol are suggested to be less immunogenic than infliximab. 

Nevertheless, in adalimumab-treated patients a comparable 

loss of response in comparison to infliximab-treated IBD 

patients was observed,91 and combination with an immunosup-

pressor during the first semester has also been suggested to 

slightly reduce the risk for early loss of response.68 In cases 

of loss of response, currently in standard clinical practice, 

there are several strategies to regain response before switching 

to another anti-TNF-alpha antibody or changing treatment. 

For infliximab, there are two theoretical options: dose inten-

sification or interval reduction between two infusions. For 

adalimumab, dose escalation is not usually recommended but 

reducing the frequency of injections from 40 mg adalimumab 

eow to every week is often suggested. Several studies have 

shown that dose intensification results in a regained response 

in 50% to 70% of treated patients.91 Usually, for infliximab,  

the choice between increasing dose or reducing infusion 

interval depends on the type of loss of response. For patients 

describing an effect of infliximab over several (4 to 7) weeks 

following a maintenance infusion before reappearance of 

disease symptoms and worsening of their quality of life one 

or several weeks before the next scheduled infusion, the 

first step seems, in our opinion, to be a decrease of infusion 

interval without changing the dose. In contrast, if the response 

to a maintenance infliximab infusion does not significantly 

improve symptoms during the 4 weeks following the infu-

sion, we have found it more relevant to increase the dose to 

7.5 mg/kg, or to 10 mg/kg. In some cases there is a need to 

combine dose escalation with reduction of infusion interval. 

However, these strategies are only a result of clinical experi-

ence and there are only preliminary data to support their 

relevance.97,98 More objective and fine-tuned strategies are 

needed, and will probably be developed in the coming years 

as several trials are ongoing, or close to being started, to better 

manage anti-TNF-alpha treatment in the long-term in general, 

and in cases of loss of response in particular.

In cases of failure of dose adaptation, switching to 

another anti-TNF-alpha monoclonal antibody is possible 

and has been reported in several RCTs or open cohort stud-

ies. The GAIN study reported the first results of switching 

infliximab nonresponsive CD patients to adalimumab.66 

Patients were considered as having loss of response if they 

had been treated with at least two infliximab infusions with 

an initial response but a secondary lack of clinical benefit, 

or if their clinical status worsened at least 2 weeks after the 

second infliximab infusion. Patients intolerant to infliximab 

(exhibiting an acute adverse reaction or a delayed infusion 

reaction) were also enrolled. After 4 weeks of treatment, 

adalimumab (160/80 mg at week 0 and 2) induced remission 

in 21% of patients compared to 7% in the placebo-treated 

patients (P  0.001), and the percentage of patients with 

clinical response was also higher in the adalimumab versus the 

placebo group.66 After this initial randomized induction regi-

men, patients could enter an open-label extension to receive 

40 mg of adalimumab eow: 39% and 29% of patients were 

in clinical remission at 6 months and 1 year, respectively.99  

A meta-analysis of open-label cohorts (n = 13) and RCTs 
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(n = 2) studying the efficacy of adalimumab in infliximab 

primary or secondary nonresponsive patients, was published 

in 2009 by Ma et al.100 In nine studies, short-term clinical 

response at week 4 ranged from 41% to 83% of patients and 

long-term response (12 months, eight studies) ranged from 

19% to 68% of patients.100 Currently, a definite and more 

precise  conclusion could not be given, in particular due to the 

important variability in study designs, including the character-

istics of the enrolled patients. Consequently, in future studies, 

a clear definition of primary nonresponse, intolerance, and 

secondary loss of response should be proposed by experts in 

order for data from different studies to be compared properly 

and provide a better idea of the real efficacy of each anti-TNF-

alpha monoclonal antibody used, after failure of a first (or a 

second) treatment using another anti-TNF-alpha antibody.

Several studies have also reported data suggesting that 

certolizumab pegol may be an effective treatment after a first 

anti-TNF-alpha monoclonal antibody treatment. A post hoc 

analysis of the data from the PRECiSE 2 study has shown 

that 44% of patients with prior infliximab therapy had a 

clinical benefit from second line certolizumab pegol therapy 

(compared with 26% in the placebo group, P = 0.018).101 In 

infliximab naïve patients, the response rate was 66% com-

pared to 40% in the placebo group (P  0.001), taking into 

account that these patients had a shorter CD duration than 

the patients previously treated with infliximab.101 However, 

this study, as well as the PRECiSE 3 and the PRECiSE 4 

trials,71,72,80 only give indirect information concerning cer-

tolizumab pegol’s efficacy in infliximab naïve CD patients, 

and do not directly address the question of switching 

from infliximab to certolizumab pegol in cases of loss of 

response to  infliximab.102 This question was addressed by the 

WELCOME (26-Week open-label trial Evaluating the clini-

cal benefit and tolerability of certoLizumab pegol induCtiOn 

and Maintenance in patients suffering from Crohn’s disease 

with prior loss of response or intolErance to infliximab) 

study which was designed to prospectively evaluate the 

efficacy of certolizumab pegol in 539 CD patients with 

moderate to severe disease and secondary failure to inflix-

imab (excluding primary nonresponders).103 This prospec-

tive, randomized, double-blinded, and placebo-controlled 

trial evaluated both efficacy and tolerance, at 26 weeks, 

in patients responding to an open-label induction regimen 

of certolizumab pegol administered at a dose of 400 mg 

(subcutaneously) at week 0, 2, and 4. Responders at week 6 

were eligible and randomized to enter into one of the two 

following groups: treatment with 400 mg of certolizumab 

pegol each 4 weeks or each 2 weeks. At week 6, 62% of 

patients were considered as responders (n = 334). At the 

end of the study, 40% and 37% of those receiving mainte-

nance treatment for 4 or 2 weeks, respectively, had a clinical 

response (P = 0.55 between these two groups), and 29% and 

30%, respectively, were in clinical remission (P = 0.81).103 

Unfortunately, these results were weakened by the absence 

of a placebo group in the randomized maintenance treat-

ment period. Nevertheless, it seems reasonable to consider 

certolizumab pegol as an alternative and effective treatment 

option in CD patients who have lost their response to a first 

line infliximab treatment regimen.

Safety (and side effects)  
of anti-TNF-alpha therapy
Before beginning a monoclonal anti-TNF-alpha antibody 

treatment, a thorough medical history must be taken and 

several radiological and biological tests have to be done to 

reduce, as much as possible, the risk of side effects. A checklist 

of recommendations before treating a patient has been created 

in France by the GETAID (Groupe d’Etudes Thérapeutiques 

des Affections Inflammatoires du tube Digestif).104

If there is no contraindication to anti-TNF-alpha anti-

body therapy, treatment can be started following the usual 

recommended doses and administration schedule (Table 4). 

A particular case is represented by patients having a per-

sonal history of tuberculosis (TB), or having been in close 

contact with a subject suffering from primary infection, or 

finally, those with a positive TB test (tuberculin skin test – or 

Mantoux test – or QuantiFERON-TB®Gold, which is less 

affected by immunosuppression than the skin test). These 

patients may receive a prophylactic TB treatment before 

anti-TNF-alpha therapy. Several recommendations have been 

published. For example, in France, the AFSSAPS (Agence 

Française de Sécurité Sanitaire des Produits de Santé which 

has been recently renamed Agence Nationale de Sécurité 

du Médicament et des produits de santé [ANSM], a health 

regulatory agency which can be compared to the Food and 

Drug Administration [FDA] in the US) recommended treat-

ment using a combination of oral rifampicin (10 mg/kg of 

body weight/day) and isoniazid (4 mg/kg of body weight/day) 

for a period of 3 months, or 5 mg/kg of body weight/day of 

 isoniazid alone for 9 months (in cases of rifampicin toxicity 

or patients with liver cirrhosis), or in cases of contraindi-

cation of isoniazid or isoniazid-resistant Mycobacterium 

tuberculosis, a regimen combining 10 mg/kg of body 

weight/day of  rifampicin plus 20 mg/kg of body weight/day  

of pyrazinamide for 2 months.105 This latter combination 

treatment should be used only if strictly necessary due to its 
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liver toxicity and it needs a close survey of liver biological 

parameters. This prophylactic treatment should be initiated 

at least 3 weeks before the first anti-TNF-alpha monoclonal 

antibody administration.105

These practical aspects of anti-TNF-alpha therapy lead 

us to describe the most frequent side effects that occur in 

treated patients. A large analysis of 500 patients treated with 

infliximab infusion for CD was published in 2004106 and it is 

important to know that side effects are continuously recorded 

in the TREAT registry (The Crohn’s Therapy, Resource, 

Evaluation, and Assessment Tool Registry).107

Infections
Numerous opportunistic infections have been reported in CD 

patients, in particular in those patients on immunosuppres-

sive therapy.108 The most frequent anti-TNF-alpha antibody 

side effects are infectious complications. In the Mayo Clinic 

experience published in 2004,106 48 of 500 patients (8.2%) 

experienced an infectious event attributed to infliximab 

treatment. Infection was considered as severe (needing 

antimicrobial treatment and/or hospitalization) in 20 patients 

(4%), and two patients had fatal sepsis (2.8% in our series, 

one [1.7%] being serious, without any deaths).58,106 With 

adalimumab, serious infections occurred in 2.7% of patients 

in the CHARM trial (not statistically significant when com-

pared to the placebo group),65 and with certolizumab pegol, 

results from the PRECiSE 2 trial found that 3% of patients 

had severe infectious adverse events.72

TB has been the most frequent cause of severe infec-

tious events at the beginning of anti-TNF-alpha therapy.109 

 Fortunately, its frequency decreased after performing a 

systematic screening, and if needed, a prophylactic treat-

ment before each anti-TNF-alpha treatment was introduced. 

Prior to systematic screening recommendations, the risk of 

latent TB reactivation during anti-TNF-alpha treatment was 

increased by approximately seven-fold, but this has now 

decreased by 80%.110 Nevertheless, the risk of reactivation or 

contraction of TB primary infection remains possible, there-

fore there is a need to be wary in case of occurrence of clinical 

symptoms or biological signs of an active TB, in particular: 

(i) because the screening methods are not 100% effective 

(despite the frequent use of the T-cell-based interferon-γ 

assay), and (ii) because these immunocompromised patients 

may be in contact with asymptomatic patients carrying M. 

tuberculosis during their treatment period. This was the case 

for one young female patient in our series who developed 

peritoneal TB after two screenings (the first before infliximab 

onset, the second after adalimumab’s prescription several 

months after cessation of infliximab for an anaphylactic side 

effect). Retrospective familial inquiries revealed that during 

the time that she was treated with adalimumab, her grandfa-

ther presented with pulmonary primary infection.

Numerous infectious complications have been described 

in patients treated with anti-TNF-alpha (or anti-TNF-alpha 

receptor) therapy, in particular opportunistic infections 

(0.3% to 0.9%).106,108,109,111,112 They include atypical bac-

terial  infections such as legionellosis, fungal infections 

(histoplasmosis 30%, candidiasis 23%, aspergillosis 23%),108,112  

and viral infections.106,108,112 It is important to note that the risk 

of opportunistic infection is increased in cases of treatment 

combining anti-TNF-alpha monoclonal antibodies with other 

immunosuppressive treatments such as purine analogues, and 

in particular steroids.113,114

Dermatological side effects
A wide spectrum of dermatological side effects has been 

described in therapeutic trials and in clinical practice in 

patients treated with anti-TNF-alpha blockers both for rheu-

matologic diseases and IBD. In 2005, Flendrie et al published 

on a series of rheumatoid arthritis patients amongst whom 

25% (72 patients during 911 patient-years of follow-up) 

presented with skin lesions, and treatment needed to be 

stopped in 26%.115 Skin infections were the most frequent 

adverse effect (25.8%), followed by eczema (15.6%), and 

drug-related eruptions (11.7%). However, although not fre-

quent, malignant tumors represented 3.9% of dermatological 

complications, which is not negligible and probably requires 

physicians to be very attentive to check patients on a regular 

basis.115 In another review, a high frequency of psoriasiform 

eruptions was reported (40.5% of palmoplantar pustular pso-

riasis with plaque-type psoriasis in 33.1% of patients).116

In IBD, a retrospective study of 85 patients (69 with CD, 

15 with UC, one with indeterminate colitis) found 23 eczem-

atiform lesions and 62 psoriasiform lesions.59 Interestingly, 

these inflammatory skin lesions appear at higher frequency 

in patients with personal (n = 24) or familial (n = 15) history 

of inflammatory skin disease, and in women (77%), for both 

types of lesions.59 This latter observation is in accordance 

with the well described predominance of autoimmune dis-

eases in women.117,118 Finally, it is noteworthy that 29 patients 

(34%) had to stop their treatment due to uncontrolled and/or 

recurrent (in case of switching to another anti-TNF-alpha 

antibody) inflammatory skin disease.59

Although skin lesions were more frequently observed 

in patients treated with infliximab in this series,59 this result 

should be considered as a potential bias because infliximab 
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has been used in Europe for IBD treatment for numerous 

years before adalimumab and certolizumab pegol. Actually, 

a series reporting dermatological adverse effects in rheumatic 

patients indicated that adalimumab may induce a significantly 

higher number of inflammatory skin lesions than infliximab 

or etanercept (which is not used for IBD treatment).119

The occurrence of these skin lesions raised a number of 

questions related to its pathogenesis. As anti-TNF-alpha inhib-

itors have been approved and are increasingly used to treat 

moderate to severe psoriasis,120 it is surprising that they induce 

paradoxical psoriasiform skin lesions in patients treated with 

anti-TNF-alpha antibodies for rheumatologic diseases or IBD. 

Among the hypotheses explaining this paradoxical effect, 

several authors suggested that inhibition of TNF-alpha may 

cause uncontrolled interferon-γ production by plasmacytoid 

dendritic interferon-alpha-producing cells infiltrating the skin 

of patients with psoriasis.121,122 Favoring this hypotheses is 

the fact that increased interferon-alpha expression has been 

reported in the dermal lesions of rheumatic patients treated 

with anti-TNF-alpha blockers.123 Nevertheless, this does not 

explain why anti-TNF-alpha inhibitors do not exacerbate 

psoriasis in patients treated for this clinical reason.

Malignancies
Strong immunosuppression has been associated with, or 

at least suspected to be associated with (depending on the 

agent used), increased cancer risk in patients, especially for 

those on long-term therapy. As TNF-alpha physiologically 

induces apoptosis and is considered to play a role in tumor 

suppression, anti-TNF-alpha monoclonal antibodies were 

considered to increase this risk. In a meta-analysis, Bon-

gartz et al compared 3493 patients receiving infliximab or 

adalimumab to 1512 patients receiving a placebo and found 

a pooled odds ratio of 3.3 for all types of cancers (95% con-

fidence interval [CI] 1.2–9.1).124 In a large population-based 

study of 47,679 patients (27,559 UC and 20,120 CD patients), 

the standardized incidence ratios for lymphoma in CD and 

UC patients who never received an immunosuppressive 

therapy were 1.0 (n = 87) and 1.3 (n = 65), respectively.125 

In rheumatoid arthritis patients, who like IBD patients have 

a basal risk of lymphomas that is higher than in the general 

population (standard incidence ratio [SIR] ∼2), the risk in 

those exposed to anti-TNF-alpha therapy was not increased 

after adjustment for age, sex, and disease duration.126 In CD 

patients, considering the data from the TREAT registry, there 

was no significant increase in the risk of development of lym-

phoma (relative risk [RR] 0.74, 95% CI 0.24–2.29).127–129 In 

a French national cohort of 19,486 IBD patients (CESAME 

[Cancers et Surrisque Associe aux Maladies inflamatoires 

intestinales En France ] cohort), the overall risk of develop-

ing a primary intestinal lymphoproliferative disorder has 

been shown to be increased with a SIR of 17.51 (95% CI 

6.43–38.11, P = 0.0001), especially in patients exposed to 

thiopurines (SIR 49.52, 95% CI 13.49–126.8, P = 0.0001), 

with no increased risk in patients naïve for thiopurines.130 

Finally, a meta-analysis of 26 studies (including 8905 CD 

patients) reported that although the risk of lymphoma was 

significantly increased in patients treated with any anti-TNF-

alpha therapy when compared to the general population 

(SIR 3.23, 95% CI 1.5–6.9), this risk was not significantly 

higher than the risk in patients only exposed to thiopurine 

therapy (SIR 1.7, 95% CI 0.5–7.1).131 Nevertheless, specific 

attention should be given to a very rare type of lymphoma, 

the hepatosplenic T-cell lymphoma. Its very low occurrence 

does not allow a proper assessment of its actual incidence.132 

Nevertheless, multiple case reports have been published in 

CD patients, mostly treated with both thiopurines and anti-

TNF-alpha antibodies,133–135 although several hepatosplenic 

T-cell lymphomas have been reported in patients receiving 

only anti-TNF-alpha monotherapy.136 In fact, this rare lym-

phoma seems to occur in a specific population (usually male 

adolescents or young adults – in the second or third decade –  

treated long-term with both anti-TNF-alpha antibodies and 

purine analogs) leading some authors to propose expert 

recommendations, in particular, to avoid prolonged (over 2 

years) combination therapy with AZA or 6-MP.137 The risk 

of adalimumab-complicating lymphomas has only been 

estimated in rheumatoid arthritis with an approximate 3-fold 

increased risk reported in the FDA guidelines, but this was 

compared to the general population and not to a population 

of rheumatoid arthritis patients naïve of adalimumab.138 

Currently, to our knowledge (non-hepatosplenic) lymphoma 

has not been reported in patients treated with adalimumab 

for IBD. This is also the case for certolizumab pegol. Only 

one case of lymphoma has been reported in the efficacy and 

tolerance studies, but it occurred in a patient from the placebo 

group on thiopurine therapy.71 A recent review has detailed 

the overall lymphoma risk in IBD patients.139

Currently, other types of cancers, in particular solid 

tumors (nonmelanoma skin cancers, uterus cervix dyspla-

sia or cancer, etc), have not been significantly associated 

with anti-TNF-alpha antibody monotherapy in IBD.137,140 

In contrast, experimental data in animals have suggested 

that anti-TNF-alpha blockers can protect against the risk of 

colitis-associated cancer.141 However, this result should be 

treated with particular caution as data has not been published 
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in humans to assess such a putative chemopreventative 

effect of anti-TNF-alpha antibodies.

Antibody formation
The therapeutic use of anti-TNF-alpha antibodies frequently 

leads to antibody formation directed against the therapeutic 

monoclonal antibody. This is a normal immune response by 

the adaptive immune system against a foreign antibody. This 

immune response induces the production of human–antihuman 

antibodies (HAHA): ATI for infliximab and antibodies to 

adalimumab (ATA) for adalimumab. Antibodies to inflix-

imab and adalimumab are elicited against the hypervariable 

complementary determining regions of the Fab′ portions of 

the immunoglobulins, thereby neutralizing the therapeutic 

antibody and decreasing its serum concentration (also known 

as through levels).142 Although the use of other anti-TNF-

alpha agents (certolizumab pegol, etanercept, golimumab) in 

rheumatologic diseases reported HAHA production, they did 

not seem to affect the therapeutic efficacy.143 In CD patients 

treated with infliximab infusions, ATI formation was reported 

in as high as 61% of patients.144 Moreover, ATI formation was 

shown to be associated with an increase in infusion reactions 

and in secondary loss of response.144 Unfortunately, neither 

ATI formation nor circulating ATI levels correlated with these 

risks and therefore they cannot be used as sole predictors of 

anaphylactic reactions or of the length of treatment efficacy.144  

This study also reported a lower risk of ATI formation in 

patients concomitantly treated with immunosuppressors 

(mostly with purine analogs).144 In contrast, more recent stud-

ies have not found any significant effect of thiopurines on ATI 

formation. Recently, Nanda et al reported on the results of a 

meta-analysis evaluating the effects of ATI on clinical out-

comes and infliximab through levels in IBD patients.145 They 

found that 13 studies met their inclusion criteria (although all 

studies had a high risk of bias). The pooled risk ratio for loss 

of clinical response to infliximab was 3.2 (95% CI 2.0–4.9) 

for patients who had ATI (P  0.0001 compared to those not 

developing ATI). This was principally the case for CD patients 

(risk ratio for ATI-positive patients 3.2, 95% CI 1.9–5.5, 

P  0.0001), and the risk ratio was not statistically different 

in UC patients (risk ratio 2.2, 95% CI 0.5–9.0, P = 0.3).145  

The standardized mean difference in through serum infliximab 

concentrations between groups was –0.8 (95% CI: -1.2 to -0.4, 

P  0.0001).145 These results confirm that ATI formation is 

associated with a higher risk of loss of response and lower 

through levels, especially in CD patients. For adalimumab, 

although it is a fully human monoclonal antibody, the risk 

of ATA formation remains. In the CLASSIC 2 study, the 

frequency of ATA formation was low (2.6%, all in patients 

without concomitant immunosuppression: 3.8% in this 

group).54 Although specific data are not available they seem to 

be very rarely associated with adverse events ie, anaphylactic 

reactions.146 However, data indicate that they could influence 

the long-term response to adalimumab when combined with 

the adalimumab’s serum through levels.

Infusion reactions
Infusion reactions only occur with infliximab at an estimated 

frequency of 6.1%, with approximately 1% being seri-

ous reactions leading to shortness of breath, hypotension, 

 stridor, or exceptionally severe anaphylactic shock.147 If not 

severe, the observed symptoms include erythema, burning 

sensation or pain, and itching. Prophylactic treatment with 

antihistaminic drugs, or a single-dose hydrocortisone injec-

tion, has been proposed to decrease their occurrence, but this 

strategy has not been clearly validated. Such reactions are 

more frequent in patients who have not been on infliximab 

treatment for more than 4 months. In this case, some experts 

suggest treating patients with 30 mg/day of prednisolone for 

3 days before the first infliximab infusion, as well as the day 

of infusion, and the day following it, and it seems reasonable 

not to restart an induction scheme but to prefer a first infusion 

followed by the second one 8 weeks later.

Delayed hypersensitivity-like reactions have also been 

reported 3 to 14 days following infusion with infliximab. 

Clinical symptoms include arthralgia and muscle pain.146,148 

In general, the occurrence of an infusion reaction requires 

to stop infliximab treatment and for the patient to switch to 

another anti-TNF-alpha antibody.

Local reaction at the injection site
In contrast to infliximab, adalimumab and certolizumab pegol 

do not lead to infusion reactions. But, as they are injected 

subcutaneously, a local reaction at the site of injection has 

been reported in approximately 4% of patients treated with 

adalimumab and in 3% of patients receiving certolizumab 

pegol.65,70 Patients rarely need to stop treatment.

Other adverse reactions
Other rare adverse effects are possible. Most can be avoided 

by strictly following contraindications of anti-TNF-alpha 

treatment. Adverse effects can affect a number of organs 

and systems. Special attention should be given to patients 

with congestive heart failure (which is exceptional in young 

CD or UC patients). Adverse events in general have been 

detailed in a recent review and include neurological dis-
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eases  (demyelination, optic neuritis), autoimmune diseases 

(systemic lupus erythematosus, sarcoidosis), and several 

exceptional side effects such as vasculitis, aplastic anemia, 

or Lupus-like syndrome.148 Notably, in a large single center 

cohort, infliximab treatment was not associated with an 

increased risk of mortality when compared to IBD patients 

using nonbiological therapy.148

Specific situations
Pregnancy, lactation, and anti-TNF-alpha 
monoclonal antibody treatment
The experience with women exposed to anti-TNF-alpha 

agents during their pregnancy has progressively increased in 

the last few years. In most cases, physicians and their patients 

faced a pregnancy occurring during long-term treatment with 

an anti-TNF-alpha monoclonal antibody. The second possible 

situation, ie, the need to initiate an anti-TNF-alpha treatment 

in a pregnant IBD patient due to occurrence of CD or an UC 

attack is rare, and the clinical situation often can be managed 

with corticosteroids during the time of pregnancy. However, 

patients can be corticosteroid-resistant. All three anti-TNF-

alpha antibodies used in IBD are classified as FDA Pregnancy 

category B, which indicates that although no risk is apparent 

from animal studies, there are no controlled studies of women 

receiving these agents during pregnancy, and therefore, it is 

not known if the antibodies can cause fetal harm. However, 

it is well known that active disease increases the risk of pre-

term delivery and low birth weight.149,150 As declared in the 

ECCO (European Crohn’s and Colitis Organisation) Statement 

11C: “If conception occurs at a time of quiescent disease the 

risk of relapse is the same as in non-pregnant women [...]. 

If conception occurs at a time of active disease, two-thirds 

have persistent activity and of them two-third deteriorate [...] 

etc”.151 Nevertheless, it is important to note that the incidence 

of still birth, spontaneous abortion, or congenital malforma-

tion is not increased.152

For infliximab no significant increase in spontaneous 

abortion, ectopic pregnancy, still birth, or low birth weight 

was reported.153,154 Two congenital malformations have been 

observed but these have been related to the severity of the 

underlying IBD in the women who had severely active dis-

ease during pregnancy. No increased risk has been shown 

with adalimumab.155 The important remaining question is 

that of the potential impact of anti-TNF-alpha antibodies 

on the fetus and the newborn, as anti-TNF-alpha antibodies 

have been shown to cross the placental barrier. Therefore, 

most experts recommend ceasing anti-TNF-alpha antibody 

treatment during the last trimester of pregnancy to avoid in 

utero exposure to the antibodies.156–158 No data in humans 

concerning certolizumab pegol are available at this time. To 

summarize, considering the existing evidence, the overall 

risk of anti-TNF-alpha therapy with monoclonal antibodies 

is low, especially if it is restricted to the two first trimesters 

of pregnancy, and its benefits may outweigh the risks of in 

utero drug exposure.156–158

For breast feeding, the last available consensus considered 

infliximab and certolizumab pegol to be safe.51 The safety 

data for adalimumab are not yet available.156

Anti-TNF-alpha antibodies in pediatric IBD
As in adult IBD patients, anti-TNF-alpha treatment has 

been shown to be of great benefit to pediatric IBD patients. 

Nevertheless, their potential major side effects – especially 

infection and malignancy – as well as the risk of loss of 

response which occurs in a substantial number of patients, 

requires more accurate definition of those patients with the 

highest benefit/risk profile, to better determine the optimal 

time for introduction of anti-TNF-alpha therapy and the 

most appropriate administration regimens, and to provide 

patients with an individually tailored treatment. In pediatric 

IBD, infliximab has been the most studied anti-TNF-alpha 

antibody, and it shows high efficacy for luminal and fistu-

lizing CD (for detailed review, de Bie et al).159 For children  

with refractory UC, data are more limited than for adults. 

Nevertheless, besides several small and retrospective 

case series, two prospective cohort studies demonstrated 

infliximab’s role in moderate to severe refractory UC treat-

ment, although infliximab was less effective in pediatric UC 

than in pediatric CD.160,161 Additionally, infliximab has been 

shown to significantly prevent short-term colectomy in acute 

severe UC.164 Long-term data are not available. Adalimumab 

has been studied less in children. It is currently not licensed 

for use in pediatric CD or UC, despite several reports of off-

label use demonstrating its efficacy, usually with relatively 

short follow-up periods.159 Data on certolizumab pegol use 

in pediatric IBD are not available but studies in children are 

underway to determine its safety and efficacy.159

Conclusion and future developments
Anti-TNF-alpha monoclonal antibody treatment has dramati-

cally improved the quality of life for IBD patients who are 

refractory to classical therapies (ie, 5-ASA, corticosteroids, 

purines, methotrexate, enteral or parenteral nutrition) as well 

as to less often used drugs (eg, thalidomide, mycophenolate 

mofetil, etc). However, several questions of practical impact 

need to be clarified. Although new molecules are currently 
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being tested in clinical trials, anti-TNF-alpha monoclonal 

antibodies are still the most effective therapeutic tools in the 

armamentarium of all gastrointestinal practitioners confronted 

with complex and/or resistant forms of IBD. Among the 

remaining questions, several have received a partial answer. 

This is the case for the question of “which criteria indicate 

that we can stop infliximab safely after 1 year of mainte-

nance treatment in CD patients with inactive disease and 

concomitantly taking an immunosuppressant?” (the STORI 

[infliximab diSconTinuation in CrOhn’s disease patients in 

stable Remission on combined therapy with Immunosuppres-

sors] trial), or the question “is the combination of infliximab 

and AZA better for induction and maintenance treatment 

of CD than AZA alone or infliximab alone?” (the SONIC 

study). However, the answers provided by these studies only 

concern a small population of CD patients. The results of 

the STORI and SONIC studies cannot be extrapolated to all  

CD patients, or be considered as true for the use of other 

available anti-TNF-alpha antibodies, or be transposed to 

UC patients, and have not been evaluated on a long-term 

basis (ie, for a survey period over 12 months). Other ques-

tions remain largely unresolved, such as those concerning 

the improvement of anti-TNF-alpha antibody therapy in the 

long-term, using the measurement of drug levels (and anti-

drug antibody levels),163 or those questioning the practitioners 

about the most relevant and long-term predictive therapeutic 

strategies or goals: “top down or step up”,164 clinical and/or 

biological improvement and/or mucosal healing,165,166 or 

impact on disability.167

Despite these questions, most of which are currently being 

addressed in ongoing trials or will be explored in coming 

studies, anti-TNF-alpha monoclonal antibody therapy has 

considerably improved the quality of life for a large number 

of CD and UC patients, with a clear and strong positive 

 benefit/risk balance. It should be considered as an outstand-

ing advance in human medicine.
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