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Abstract: Paediatric Crohn’s disease (CD) affects 5 in 100,000 children in the US and Europe and can result in growth re-

tardation and delayed sexual development. Therefore, early diagnosis and treatment is critical, with the goal being main-

tenance of symptomatic remission and a change in disease course. Conventional treatment relies on aminosalicylate main-

tenance therapy with corticosteroids to control acute exacerbations and immunomodulators for steroid-resistant or fre-

quently relapsing disease. Infliximab has demonstrated efficacy in moderately to severely active paediatric CD, with 

88.4% patients in clinical response and 58.9% in clinical remission at week 10. Significant improvements in quality of 

life, height, reduction in corticosteroid use and mucosal healing were observed with infliximab. Traditional ‘step-up’ 

treatment strategy may be suboptimal because relapse and steroid dependency/resistance rates remain high. A ‘top down’ 

approach using biologic therapy earlier may suppress intestinal inflammation and promote prolonged and stable remis-

sion, but safety issues need to be considered. 

INTRODUCTION 

 Although adult and paediatric Crohn’s disease (CD) are 
similar, there are a number of clinical features unique to 
children [1]. In addition to the gastrointestinal (GI) symp-
toms (e.g., abdominal pain, diarrhoea, weight loss, loss of 
appetite, etc), children and adolescents often experience a 
range of extraintestinal manifestations including arthritis as 
well as delayed growth and puberty (Table 1) [1]. Up to 35% 
of paediatric patients with inflammatory bowel disease 
(IBD) will present with at least one extraintestinal manifesta-
tion [2, 3], the most common of which is arthritis, which 
affects up to 25% of children [4] and often manifests before 
the GI symptoms are detected [5]. Skin manifestations are 
also common, including erythema nodosum and pyoderma 
gangrenosum [1, 6]. 

 CD has a tremendous effect on the general health and 
nutritional status of paediatric patients [1]. Increased meta-
bolic demands and decreased intake lead to nutritional defi-
ciencies [1, 6]. This is further exacerbated by disease-related 
weight loss/anorexia, decreased appetite and decreased ab-
sorptive capacity [6]. The effect of nutritional insufficiency 
has a greater impact on children than adults because of the 
increased nutritional requirement needed to maintain normal 
rapid periods of growth during childhood and adolescence 
[1, 6]. Poor nutritional status [7] as well as intestinal losses, 
protein-losing enteropathy and inflammation can lead to 
growth retardation and delayed sexual development [8]. At 
diagnosis, up to 85% of children with CD have growth fail-
ure [9]. The earliest and most common sign is reduced linear 
growth, with 46% of children exhibiting abnormalities  
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Table 1. Extraintestinal Manifestations Observed in Paediat-

ric Patients with CD 

 

• Joints (arthritis, arthralgia, ankylosing spondylitis) 

• Delayed growth and puberty 

• Skin (erythema nodosum, pyoderma gangrenosum, perianal disease, 
metastatic CD) 

• Mouth (cheilitis, stomatitis, aphtae) 

• Liver (primary sclerosing cholangitis, hepatitis, cholelithiasis) 

• Pancreas (pancreatitis) 

• Kidney (nephrolitiasis, obstructive hydronephrosis, enterovesicular 

fistula, urinary tract infection, amyloidosis) 

• Bone (osteoporosis) 

• Eye (uveitis, episcleritis, conjunctivitis) 

• Lungs (pulmonary vasculitis, fibrosing alveolitis) 

• Vascular (vasculitis, thrombosis) 

• Blood (anaemia, thrombocytosis, vitamin B12 deficiency) 

• General (fever, fatigue, weight loss, anorexia) 

Reference [1]. Adapted with permission from Elsevier Limited. 

 

before the onset of GI symptoms [10]. Furthermore, weight 
loss is observed in about 85% of children with CD [9]. Pu-
berty is commonly delayed, with active disease slowing or 
even stopping the progression of sexual development [1]. 
Effective treatment is very important because maintaining 
disease remission prior to puberty usually results in im-
proved and catch-up growth [8]. In addition to the physical 
consequences of CD, there are also psychosocial complica-
tions. Many children are concerned about their energy levels 
and body image. They fail to be in control of their daily ac-
tivities; furthermore, delayed puberty has a detrimental effect 
on self-esteem and social interaction [1]. It is therefore 
clearly important to diagnose and treat paediatric CD early in 
order to not only induce and maintain remission, but also to 
address nutritional deficiencies, ensure normal growth and 
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development, improve quality of life (QoL) and change the 
course of disease. 

AN INCREASING PROBLEM 

 The incidence of CD has been increasing in children of 
all ages [6]. Although the incidence of CD is lower in chil-
dren than in adults, there has been a rapid rise over the last 
few decades, which now seems to be stabilising [11-13]. In 
the UK, the incidence of CD rose from 1.3 per 100,000 be-
tween 1983 and 1988 to 3.11 per 100,000 between 1989 and 
1993, a threefold increase over 10 years [14]. More recent 
epidemiological data indicates that the incidence of CD is 
now approximately 5.0 per 100,000 in the North American 
and European paediatric populations, with 25% to 30% of all 
CD patients being diagnosed before age 20 years [15, 16]. A 
slightly higher incidence of 5.2 per 100,000 children per year 
has been observed in children younger than 16 years with 
IBD in the UK and the Republic of Ireland [17]. 

DIAGNOSING PAEDIATRIC CD 

 The symptoms of CD in children can be difficult to diag-
nose, depend on disease location and extent of inflammation 
and vary from person to person [1]. The most common GI 
symptoms are abdominal pain and diarrhoea. Other GI 
symptoms include anorexia, weight loss, nausea, vomiting, 
rectal bleeding and perianal disease [18]. IBD can also affect 
the mental health of patients: adolescents with IBD have a 
higher risk for psychiatric disorders [19]. Growth retardation 
and delayed puberty may be the only presenting signs [18]. 
These result in insufficient nutrition, malabsorption, protein 
losing enteropathy and inflammation [8]. 

 Diagnosis of CD requires a thorough patient and family 
history and physical examination [20], with particular atten-
tion paid to growth and pubertal stage [6]. Physical examina-
tion will reveal the presence of extraintestinal manifestations 
[18]. Abdominal examination tends to be non-specific, but 
the presence of a mass in the right lower quadrant may point 
to CD. It is imperative to carry out a rectal examination to 
identify faecal blood or perianal disease [6]. Laboratory tests 
are not specific [6] but indicate inflammation, organ in-
volvement (e.g., liver) and nutritional deficiencies [21]. Se-
rological markers may be helpful in differentiating the type 
of IBD [22]. The Pediatric Crohn’s Disease Activity Index 
(PCDAI) is a validated score based on history, clinical ex-
amination and simple laboratory tests (complete blood count 
[CBC], erythrocyte sedimentation rate [ESR], albumin) to 
evaluate the severity of disease [23]. Stool samples are 
needed for culture to reveal occult bleeding and inflamma-
tion (calprotectin) [24]. The gold standard for making a di-
agnosis of CD is a full endoscopic exploration (upper endo-
scopy and ileocolonoscopy) with multiple biopsies [20]. In 
children, these examinations are performed after thorough 
preparation and under general anesthesia [25, 26]. In case of 
small bowel disease, a radiographic study of the small bowel 
is needed [21]. The video capsule is increasingly being used 
but obviously has some drawbacks such as the lack of biopsy 
material and the risk for obstruction [20]. Computed tomo-
graphy (CT) or magnetic resonance imaging (MRI) scans are 
needed in case of perforating disease and intra-abdominal 
abscesses. Full eye examination, bone age and DEXA scan 
for bone mass are performed once the diagnosis is con-
firmed. In clinical practice, however, it is often impossible to 

establish a firm diagnosis of CD upon the first manifestation 
of the disease. 

PAEDIATRIC CD DISEASE COURSE 

 The natural history of paediatric CD is poorly understood 
and few population-based studies have been conducted. It 
has been suggested that in children, there is a high risk of 
progression to a disabling and complicated disease. Prelimi-
nary data from one large, population-based study that identi-
fied and followed up (for at least 2 years) all patients with 
onset of CD before age 17 years in the French ‘Registre des 
Maladies Inflammatories Chroniques de I’Intestin’ (EPI-
MAD) between 1988 and 2002 indicate that childhood-onset 
CD is characterised by widespread location at diagnosis 
(both small bowel and colon, 62%; colon only, 23%; small 
bowel only, 15%), a high percentage of patients (87%) re-
quire corticosteroid therapy with high occurrence of depend-
ence (24%) and there is a high probability of colectomy (8% 
after 1 year, 20% after 3 years, 32% after 5 years) irrespec-
tive of immunomodulator therapy [27]. 

 A pooled analysis involving 1153 children with CD has 
also established the disease distribution [28]. It reveals that 
38% of children of all ages have small bowel disease, 38% 
have small bowel and large bowel disease and 20% have 
large bowel disease. Other studies have shown that upper GI 
disease occurs in 30% to 40% of children [29]. Even higher 
rates (up to 71%) are seen in endoscopic studies [30, 31] and 
perianal disease is found in 11% to 18% [32, 33]. Children 
under age 5 years have increased incidences of large bowel 
(30%), small bowel and large bowel (59%) and perianal dis-
ease (34%) and reduced occurrences of small bowel disease 
(11%) [34]. These findings have been confirmed by the 
ESPGHAN registry [35]. Limited data exist on CD in chil-
dren under age 1 year and, although CD is diagnosed in in-
fants, this may represent a particular subgroup of patients 
[36]. 

TREATMENT GOALS IN PAEDIATRIC CD 

 The therapeutic goals in paediatric CD should go beyond 
symptomatic remission. The general treatment goals in pae-
diatric CD are to maintain adequate nutrition status and to 
optimise the patient's QoL (attending school and taking part 
in sporting and leisure activities) [6]. In the short term, the 
main goal should be to induce a rapid response to achieve 
mucosal healing and maintain symptomatic remission with-
out the use of corticosteroids. In the long term, the manage-
ment strategy should be to normalise the bowel to prevent 
relapse; optimise growth and development; avoid complica-
tions, hospitalisations, and surgery; as well as prevent dis-
ease-related mortality and morbidity. Goals are focused on 
changing the course of the disease. This means preserving 
bowel integrity by controlling inflammation and promot-
ing/maintaining complete mucosal healing, including fistu-
las. 

TREATMENT OPTIONS IN PAEDIATRIC CD 

 The treatment options available to paediatric patients are 
similar to those for adults (Table 2). Conventionally, patients 
with mild disease initially receive an oral aminosalicylate 
(mesalazine, mesalamine, or sulfasalazine) or antibiotics 
(e.g., ciprofloxacin or metronidazole). In moderate to severe 
cases, corticosteroids (prednisone or budesonide) are intro-
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duced [20]. Immunosuppressive agents (azathioprine [AZA], 
6-mercaptopurine [6-MP], or methotrexate [MTX]) are pre-
scribed as adjunctive therapy in steroid-resistant patients and 
to allow steroid tapering in steroid-dependent patients. Based 
on data from Markowitz [37], immunosuppression tends to 
be initiated earlier to prevent relapse. Biologic therapies, i.e., 
infliximab (IFX), are now used in moderate to severe CD 
(including fistulising disease) refractory to the traditional 
non-biologic treatments as an adjunct or an alternative to 
corticosteroids in steroid-resistant patients or in patients not 
responding to immunosuppressive agents and corticoster-
oids. IFX is approved for the treatment of severe, active CD 
in paediatric patients aged 6 to 17 years who have not re-
sponded to conventional (non-biologic) therapy including a 
corticosteroid, an immunomodulator and primary nutrition 
therapy [38]. 

Table 2. Treatment Options in Paediatric CD 

 

• Aminosalicylates 

• Antibiotics 

• Enteral nutrition 

• Corticosteroids 

– Prednisone 

– Budesonide 

• Immunomodulators 

– 6-mercaptopurine, azathioprine 

– Methotrexate 

• Biologic agents 

– Infliximab 

• Surgery 

 

 Relapse prevention is a key aim of the management of 
CD. Aminosalicylates are commonly prescribed for the 
maintenance of remission in CD, despite not being particu-
larly effective. Indeed, a recent meta-analysis of randomised 
controlled trials (RCT) comparing the effects of aminosali-
cylates with placebo showed no evidence to suggest that 
aminosalicylates were of value in maintaining remission in 
CD patients [39]. Corticosteroids are the mainstay of treat-
ment for acute exacerbations in children; however, they are 
ineffective in maintaining remission [40]. In addition, al-
though their chronic use is limited by severe side effects 
(e.g., moon face/acne, weight gain/redistribution, bone dem-
ineralisation, delayed puberty, mood swings, high blood 
pressure, altered glucose metabolism) [41, 42], patients often 
receive many rounds of steroid therapy. Tung et al. evalu-
ated the 1-year outcomes of corticoid therapy in paediatric 
CD as part of the population-based Olmsted County study 
[43]. Immediate (30 days) and 1-year outcomes were evalu-
ated. After 30 days, complete remission was seen in 62% 
(n=16) of patients and partial remission in 27% (n=7). After 
1 year, 42% had prolonged response, 31% were steroid de-
pendent and 27% required surgery, thus suggesting a need 
for early use of steroid-sparing therapies in paediatric CD. 

 Immunomodulators are added in resistant or frequently 
relapsing patients to maintain remission. In children, 6-MP, 
when added to corticosteroid therapy, has been shown to 
significantly reduce the need for prednisone and improve the 
maintenance of remission [37]. In a study of 55 children 
(mean age 13) randomised to receive 6-MP or placebo (both 

groups received prednisone 40 mg/day), only 9% of 6-MP–
treated patients relapsed over an 18-month period compared 
with 47% in the placebo group (P=0.007) [37]. Patients 
treated with 6-MP required fewer days of corticosteroid 
treatment and were able to remain off of prednisone treat-
ment significantly longer than those receiving placebo. As a 
preventive measure, the thiopurine methyltransferase 
(TPMT) genotype of the patient can be assessed prior to ini-
tiating AZA or 6-MP in order to lower the risk for bone mar-
row depression [20]. 

 Enteral nutrition via nasogastric feeding can reverse 
growth retardation and significantly improve height and 
weight [44, 45]. In addition, enteral nutrition can actually 
induce remission and spare the use of corticosteroids [45], 
although its use as a primary therapy is controversial. This 
was highlighted by a meta-analysis comparing the effective-
ness of enteral nutrition and corticosteroids [46]. Corticos-
teroids were shown to be consistently more effective in in-
ducing remission than enteral nutrition [46]. The type of liq-
uid enteral formula (polymeric vs hydrolyses) made no dif-
ference. However, in a recent prospective RCT in children 
with active CD, a polymeric diet for 10 weeks was markedly 
superior to corticosteroids in promoting healing of inflam-
matory lesions of the gut [47]. Nutritional supplementation is 
useful in CD, even during remission; a nutritionist monitors 
the patient’s daily diet to counter deficiencies. Nutritional 
status can be improved significantly by increasing caloric 
intake [1]. 

 Surgical intervention is an option in paediatric CD be-
cause it may provide a disease-free period that will allow 
normal growth and development to be restored [48]. Several 
studies have shown catch-up growth in children following 
intestinal resection [49, 50]. In fact, 36% to 43% of paediat-
ric patients will require surgery [51,52]. Preliminary data 
from the EPIMAD registry (population-based incidence co-
hort diagnosed from 1988–2002) demonstrated that the cu-
mulative risk of surgery in children up to age 17 years with 
CD was 8%, 20% and 34% at 1, 3 and 5 years, respectively, 
post diagnosis [53]. This further underlines the need for new 
treatment options that can induce and maintain remission. 
Surgery in children is not without risk. Several studies have 
shown that postoperative clinical recurrence rates are high in 
children [48]. Furthermore, early clinical recurrence follow-
ing surgical intervention may further retard growth and de-
velopment [54]. Baldassano et al. showed clinical recurrence 
rates in children after surgery to be 17% after 1 year, 38% 
after 3 years and 60% after 5 years and that recurrence was 
more likely in patients with severe disease [48]. 

BIOLOGIC THERAPY IN PAEDIATRIC CD 

 Biologic therapies with anti-tumour necrosis factor–alpha 
(TNF ) activity, including infliximab (IFX), adalimumab 
and certolizumab pegol (approved in Switzerland), are avail-
able for the treatment of adult CD. The first to be commer-
cially available was IFX, a chimeric, monoclonal antibody 
that binds both to soluble and transmembrane TNF  and 
neutralises its activity [55]. IFX was approved for adult CD 
by the US Food and Drug Administration (FDA) in 1998 and 
in the EU in 1999. In adults, a single dose of IFX was shown 
to have a rapid clinical response in the majority of patients 
(80%) with moderate to severe CD resistant to non-biologic 
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treatment [56]. In addition, IFX has demonstrated efficacy as 
maintenance therapy in adult patients with CD who respond 
to a single dose of IFX [57]. Adult patients with refractory, 
moderate to severe CD taking IFX every 8 weeks have been 
shown to be more likely to maintain prolonged remission, 
discontinue corticosteroids and achieve mucosal healing [57, 
58]. Additionally, in patients with fistulising CD, IFX sig-
nificantly reduces hospitalisations and surgical procedures 
[59]. 

 Recent clinical experience has demonstrated that IFX is 
also effective in paediatric patients. Consequently, in 2006, 
the US FDA approved IFX for paediatric patients (aged 6 to 
17 years) with moderately to severely active CD who have 
had an inadequate response to conventional therapy [60]. 
Then, in May 2007, IFX received EU approval for the treat-
ment of severe, active CD in paediatric patients, who have 
not responded to conventional therapy, including a corticos-
teroid, an immunomodulator and primary nutrition therapy, 
or are intolerant to or have contraindications to such thera-
pies [38]. 

 Regulatory approval was granted based on efficacy and 
safety profile in adult CD patients and on the findings of the 
phase III REACH trial, a randomised, multicentre, open-
label study that evaluated the safety and efficacy of IFX in 
paediatric patients with moderate to severe CD [61]. In the 
REACH trial, 112 patients (aged 6-17 years) with moderate 
to severely active CD received an induction regimen of IFX 
5 mg/kg at weeks 0, 2 and 6. All patients were required to be 
taking a concurrent immunomodulator. At week 10, patients 
who were considered to have clinically responded to induc-
tion therapy were randomised to receive IFX 5 mg/kg every 
8 weeks or every 12 weeks as scheduled maintenance ther-
apy. Clinical response was defined as a decrease from base-
line in the PCDAI score 15 points (total score 30) and 
clinical remission as PCDAI score 10 points, evaluated 
every 8 to 12 weeks depending on treatment group up to 
week 54. 

 At week 10, 88.4% (n=99) of patients had responded to 
the induction therapy and 58.9% (n=66) were in clinical re-
mission. At week 54, 63.5% (n=33) and 55.8% (n=29) of 
patients receiving IFX every 8 weeks did not require dose 

adjustment and were in clinical response or clinical remis-
sion, respectively, compared to 33.3% (n=17) and 23.5% 
(n=12) of patients, respectively, receiving treatment every 12 
weeks (Fig. 1). This demonstrated that paediatric patients 
responding to IFX induction were more likely to be in clini-
cal response or remission without dose adjustment when 
scheduled therapy was given every 8 weeks rather than every 
12 weeks. 

 Changes in growth, corticosteroid use and QoL were also 
evaluated. Average daily corticosteroid use decreased sig-
nificantly from baseline to week 10 following induction 
therapy. By the time of the first maintenance dose, 79% 
(19/24) and 58% (7/12) of patients receiving IFX every 8 
weeks and every 12 weeks, respectively, who were on corti-
costeroids at baseline, had discontinued corticosteroid ther-
apy. The height status of patients with at least a 1-year delay 
in bone age was also evaluated by calculating the height z-
score, a measure of the deviation of the patient’s height from 
that expected for their age/sex. Significant improvements in 
height were observed at both 30 and 54 weeks (Fig. 2). This 
is supported by the findings of Walters et al. that showed 
that IFX improved linear growth (height velocity and height 
centile) in chronically active, severe paediatric CD patients 
provided that they were treated before or in early puberty 
[62]. 

 Furthermore, in the REACH study, QoL was assessed by 
the IMPACT III questionnaire and it was shown to improve 
significantly at weeks 10, 30 and 54 compared to baseline. 
No statistically significant differences were seen between the 
treatment groups. IFX was generally well tolerated, with a 
safety profile consistent with that seen in adults. Importantly, 
in the REACH study, there were no incidences of delayed 
hypersensitivity reaction, death, malignancies, tuberculosis, 
neurological disorders or autoimmune disorders [61]. 

 In addition to treating the symptoms of CD, IFX has been 
shown to heal inflammatory lesions in paediatric patients and 
therefore have an impact on disease progression. Borrelli et 
al. assessed the effect of IFX on inflammatory remission, 
defined as a decrease in both endoscopic (Crohn’s Disease 
Endoscopic Index of Severity [CDEIS]) and histological 
(distal ileum and colon) scores for 50% compared to base-

 

Fig. (1). Efficacy of IFX (Q8 vs Q12) in paediatric patients with CD at week 54 [61]. Adapted with permission from Elsevier Limited. 
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line [63]. Significant improvements in CDEIS were seen 8 to 
10 weeks after IFX induction (Fig. 3), with 66% (12/18) of 
patients having an inflammatory remission indicating mu-
cosal healing [63]. 
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Fig. (2). Significant improvement in height status after 30 and 54 

weeks of IFX treatment [61]. 

 

*
 

Fig. (3). Significant endoscopic healing following IFX therapy in 

paediatric patients with CD [63]. 

 As of December 2007, there were no published data on 
the use of adalimumab or certolizumab pegol in paediatric 
CD. 

PRACTICAL ISSUES WHEN TREATING PATIENTS 
WITH IFX 

Optimising Treatment Regimen 

 Traditionally, a ‘step-up’ (SU) approach to treatment has 
been adopted that starts with an aminosalicylate and/or anti-
biotics for mild cases, with corticosteroids for those who fail 
to respond or who relapse and for moderate to severe cases 
[64]. Although prescribing of aminosalicylates is wide-
spread, the use of these agents is being questioned. Exclusive 
nutritional therapy is used as a primary option in some cen-
tres for motivated patients. Immunosuppressive agents 
(AZA, 6-MP, MTX) are most frequently added as second-
line treatment, while biologic therapy (e.g., IFX) remains a 
last resort when all other therapies have failed to induce re-
mission. 

 The combined corticosteroid/immunomodulator therapy 
approach often remains unsatisfactory because it has been 
shown to lead to only a 26% 1-year remission rate, steroid 
dependency/resistance and toxicity in adults [65]. One pae-
diatric study has evaluated the 3-month and 1-year outcomes 
(complete response, partial response and corticosteroid resis-
tance) in 109 children with moderate to severe CD who were 
treated with corticosteroids within 30 days of diagnosis. The 
study found that at 3 months, most children (84%) had com-
plete or partial remission (17% were steroid resistant); at 1 
year, despite concomitant use of immunomodulators, 31% 
were corticosteroid dependent, and 8% required surgery [66]. 
This study also evaluated the effect of IFX on outcomes: IFX 
improved outcomes in corticosteroid-dependent/-resistant 
patients and allowed the majority of patients to rapidly dis-
continue corticosteroid therapy [66]. These data support the 
current clinical use of SU therapy in paediatrics. 

 Some pilot studies were undertaken to examine whether a 
‘top-down’ (TD) strategy to treat CD would be more effec-
tive in achieving long-term remission. Hommes et al. exam-
ined whether earlier induction therapy with IFX and AZA 
produced higher remission rates (defined as CDAI <150 
without corticosteroids and no resection) than the traditional 
‘step-up’ strategy [67]. In total, 133 adult CD patients 
(CDAI >220) diagnosed for less than 4 years and never 
treated with corticosteroids, immunomodulators or IFX were 
randomised to receive TD therapy (IFX plus AZA) or SU 
therapy (aminosalicylate plus topical/systemic corticoster-
oids as clinically necessary). The study demonstrated that 
TD therapy leads to higher and more prolonged remission 
rates without steroids and increased mucosal healing. At 6 
months, 60% of patients receiving TD therapy compared 
with 41% in the SU group were in remission. In the SU 
group, 31% of patients were still receiving corticosteroid 
therapy but none were in the TD group. However, fewer pa-
tients in the SU group were using immunomodulators com-
pared to the TD group and serious adverse events were high 
in both groups. 

 A retrospective paediatric study has compared the effect 
of SU and TD therapy in 32 children with newly diagnosed 
CD [68]. The study compared first-line IFX therapy plus 
AZA or MTX) with traditional (non-biologic) SU therapy 
(long-term AZA or MTX). Patients who received IFX 
(n=13) were treated with 5 mg/kg at weeks 0, 2 and 6, and 9 
patients also received retreatment every 8 weeks for 12 
months. In the long-term AZA or MTX group (n=19), 5 pa-
tients initially received nutritional course alone and 14 pa-
tients initially received corticosteroids. At baseline, after 
remission and throughout the study, ileocolonoscopy with 
histology and clinical assessment using the PCDAI were 
performed. Initial therapy with either IFX or a traditional 
regimen induced clinical remission [68]. The rate of clinical 
relapse at 1 year, however, was significantly lower in pa-
tients receiving IFX than in those receiving non-biologic 
therapy (Fig. 4). Furthermore, the CDEIS score was lower in 
patients receiving IFX (6.5) than in those receiving non-
biologic therapy (12.4). This shows that IFX suppresses in-
testinal inflammation and promotes a more prolonged and 
stable remission. These preliminary data suggest that earlier 
treatment with IFX may have number of potential benefits; 
however, additional studies are warranted. 
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Fig. (4). Early IFX versus traditional (non-biologic) therapy in pae-

diatric CD [68]. 

Minimising Potential Risks of IFX Therapy 

Immunogenicity 

 Treatment with exogenous proteins such as monoclonal 
antibodies has the potential for the development of antibod-
ies to these proteins [69]. Maintenance therapy studies in 
adult CD have demonstrated rates of antibodies to adalimu-
mab and certolizumab pegol to be approximately 2.6% [70] 
and 8% [71], respectively. Long-term studies in adults with 
CD have shown that antibodies to IFX develop in about 7% 
to 10% of patients receiving scheduled maintenance infu-
sions (every 4–8 weeks) [57, 72]. In the REACH paediatric 
CD study, of the patients who were evaluated for the pres-
ence of antibodies to IFX through week 54, 2.9% (3/105) 
were positive for antibodies [61]. The presence of antibodies 
to IFX may develop and have been associated with an in-
creased frequency of infusion reactions [38]. In clinical tri-
als, delayed hypersensitivity reactions have been reported 
and available data suggest an increased risk for delayed hy-
persensitivity with increasing drug-free interval [38]. It has 
been shown, however, that the use of scheduled rather than 
episodic IFX therapy reduces antibody formation [69]. In 
addition, the development of antibodies to IFX can be re-
duced further with concomitant immunomodulator use (Fig. 
5) [69]. 

 

Fig. (5). The effect on immunogenicity of scheduled/episodic IFX 

therapy in adult CD with concomitant immunomodulator use [69]. 

Adapted with permission from Elsevier Limited. 

 

 

Lymphoma 

 Immunosuppression has been shown to be linked to an 
increased risk of lymphoma. A meta-analysis of 6 studies has 
evaluated the relative risk of lymphoma in patients with IBD 
treated with AZA or 6-MP. It was found that the risk of lym-
phoma was 4 times higher in patients treated with AZA/6-
MP [73]. In the controlled clinical trials of TNF-blocking 
agents, more cases of malignancies including lymphoma 
have been observed among patients receiving a TNF blocker 
compared with control patients [38, 74]. During clinical tri-
als of adalimumab across all approved indications, the rate of 
lymphomas was low and similar to the control patients [74]. 
During clinical trials of IFX across all approved indications, 
the incidence of lymphoma in IFX-treated patients was 
higher than expected in the general population, but the oc-
currence of lymphoma was rare [38]. Cases of hepatosplenic 
T-cell lymphoma (HSTCL), a rare and very aggressive form 
of non-Hodgkin’s lymphoma, have been associated with IFX 
therapy. Up to October 2006, 8 of 100 cases of HSTCL re-
ported were associated with IFX therapy [75]; however, the 
primary role of IFX has not been established. All of the pa-
tients who developed HSTCL were also taking chronically 
concomitant, high doses of immunosuppressants (mainly 6-
MP or azathioprine) [75, 76]. Indeed, several studies have 
shown that IFX therapy does not increase the risk of lym-
phoma. Findings from the TREAT registry in adult patients, 
which was set up to monitor the long-term safety of IFX and 
other CD treatments, have shown that there is no significant 
increase in the incidence of lymphoma with IFX therapy. In 
total, 6290 patients were assessed (3179 had received IFX). 
The incidence of lymphoma per 100 patient-years was 0.062 
for IFX patients compared with 0.057 for those who had not 
received IFX [77, 78]. The incidence of all cancer was also 
similar (Fig. 6). This is supported by the findings of a multi-
centre, matched-pair study that compared the cancer risk in 
CD patients treated with IFX with those who were not. The 
frequency of new neoplasia diagnosis was found to be com-
parable between the 2 patient groups [79]. 
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Opportunistic Infection 

 In the body, TNF  mediates inflammation and modulates 
immune responses and is essential for the removal of intra-
cellular infections. Antagonism of TNF , therefore, may 
compromise the defense against infection in some patients 
[38]. Tuberculosis (TB), bacterial infections, including sep-
sis and pneumonia, invasive or superficial fungal infections 
and other opportunistic infections have been observed in 
patients treated with adalimumab and IFX [38, 74]. A rela-
tionship has been shown between the use of TNF antagonists 
and the onset of granulomatous infection, most commonly 
TB [80]. The FDA Adverse Event Reporting System has 
reported that TB occurred in 144/100,000 patients with IFX 
and in 35/100,000 patients with etanercept between 1998 
through the third quarter of 2002. The clustering of reports 
shortly after initiation of IFX treatment, however, is consis-
tent with reactivation of latent disease in patients not exhibit-
ing any symptoms rather than the initiation of new disease 
[80]. The majority of this information is based on adult data; 
however, children may be at risk for developing infections; 
therefore, their immunisations should be up to date. 

 Opportunistic infections reported in patients on IFX have 
included but are not limited to pneumocystosis, histoplasmo-
sis, cytomegalovirus, atypical mycobacterium, listeriosis and 
aspergillosis [38]. Some of these opportunistic infections 
have also been observed with adalimumab [74]. The TREAT 
registry found an increased incidence of serious infections 
with IFX, but it was determined that the risk was due to 
prednisone and disease severity and not IFX [77, 78]. 

Treatment Considerations 

 Patient selection is important when considering treatment 
with IFX. Certainly not all paediatric patients with CD will 
require IFX therapy and overtreatment should be avoided. 
Current guidelines recommend that IFX be used in children 
with severe, active disease who fail conventional therapy, 
including a corticosteroid, an immunomodulator and primary 
nutrition therapy [38, 81]. 

 Preliminary data suggest that earlier introduction of bio-
logic therapy may be more effective, especially for achieving 
mucosal healing which may influence the course of the dis-
ease. With regard to costs, a recent review suggests it ap-
pears that earlier management with anti-TNF therapies has 
the potential to lower overall costs for the treatment of CD, 
despite the higher cost of medication [82]. Because limited 
data exist in both adult and pediatric populations, more stud-
ies are warranted to determine the cost benefit between SU 
vs TD treatment approaches. Furthermore, it has been shown 
that children with early, refractory and/or fistulising CD (<1 
year) are more likely to achieve a prolonged response to IFX 
than those with late disease (>1 year) [83], suggesting that 
early use of IFX is beneficial in these patients. These fea-
tures have also been confirmed in an earlier study by 
Kugathasan et al. [84]. However, it may not be clear from 
the first presentation whether the patient has CD and long-
term safety remains a concern. 

 In addition, in adult patients, scheduled rather than epi-
sodic dosing is preferable as it not only leads to longer last-
ing remission and more complete mucosal healing [58], but 
also reduces the risk of immunogenicity. In paediatric CD, 

IFX has only been used in combination with conventional 
immunosuppressive therapy [38]. Although there is little or 
no evidence to show that adding an immunomodulator to 
IFX therapy results in improved outcomes (i.e., remission 
maintenance/mucosal healing), concomitant therapy does 
lower the incidence of antibodies to IFX and infusion reac-
tions [38]. Recent observations indicate that long-term con-
tinuation of immunosuppressives offers no clinical benefit 
over IFX monotherapy but is associated with higher IFX 
trough levels; these features are more evident beyond 6 
months of combined IFX and immunomodulator therapy 
[85]. 

 If acute infusion reactions do occur, infusions should be 
stopped immediately. Patients may be pretreated with an 
antihistamine or hydrocortisone to prevent mild and transient 
effects [38]. Patients must be screened for infections, includ-
ing TB, prior to initiating IFX treatment and monitored for 
opportunistic infections during and for 6 months after treat-
ment has finished [38]. Additionally, patients should receive 
the patient alert card from their physicians and record impor-
tant information. 

CONCLUSIONS 

 The incidence of CD has been increasing among paediat-
ric patients. Although adult and paediatric disease is similar, 
there is a higher risk of disabling/complicated disease in 
children. In addition, up to a quarter of children will suffer 
serious extraintestinal manifestations, particularly growth 
retardation and delayed sexual development. Consequently, 
it is essential to diagnose and treat paediatric CD early. The 
aim of therapy in children should be to not only achieve 
symptomatic remission, but also to impact disease progres-
sion. The recent advent of IFX to treat children who fail non-
biologic therapies has changed the paradigm. IFX has been 
shown to be highly effective in inducing and maintaining 
prolonged remission in moderate to severe, active disease. 
IFX restores growth and improves QoL. Importantly, IFX 
induces intestinal healing and therefore has the ability to 
allow the bowel to return to normal function and thus change 
the course of the disease if used early in paediatric CD. Ear-
lier use of biologic therapies such as IFX may be more bene-
ficial to the patient than traditional strategies. Large paediat-
ric databases, scheduled therapy and prospective, well-
controlled paediatric trials are ongoing and mandatory to 
address these crucial issues. 

ABBREVIATIONS 

AZA = Azathioprine 

CBC = Complete blood count 

CD = Crohn’s disease 

CDEIS = Crohn’s Disease Endoscopic Index of Severity 

ESR = Erythrocyte sedimentation rate 

GI = Gastrointestinal 

HSTCL = Hepatosplenic T-cell lymphoma 

IBD = Inflammatory bowel disease 

IFX = Infliximab 

MTX = Methotrexate  
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QoL = Quality of life 

PCDAI = Pediatric Crohn’s Disease Activity Index 

RCT = Randomised controlled trials 

SU = Step-up 

TB = Tuberculosis 

TD = Top-down 

TNF = Tumour necrosis factor 

TPMT = Thiopurine methyltransferase 

6-MP = 6-Mercaptopurine 
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