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informed by the best-available evidence from the paediatric literature and

Objective: To systematically review the evidence base for the medical

(pharmaceutical and nutritional) treatment of paediatric inflammatory bowel

disease.

Methods: Key clinical questions were formulated regarding different

treatment modalities used in the treatment of paediatric (not adult-onset)

IBD, in particular the induction and maintenance of remission in Crohn disease

and ulcerative colitis. Electronic searches were performed from January 1966

to December 2006, using the electronic search strategy of the Cochrane IBD

group. Details of papers were entered on a dedicated database, reviewed in

abstract form, and disseminated in full for appraisal. Clinical guidelines were

appraised using the AGREE instrument and all other relevant papers were

appraised using Scottish Intercollegiate Guidelines Network methodology,

with evidence levels given to all papers.

Results: A total of 6285 papers were identified, of which 1255 involved

children; these were entered on the database. After critical appraisal, only

103 publications met our criteria as evidence on medical treatment of

paediatric IBD. We identified 3 clinical guidelines, 1 systematic review,

and 16 randomised controlled trials; all were of variable quality, with none

getting the highest methodological scores.

Conclusions: This is the first comprehensive review of the evidence base for

the treatment of paediatric IBD, highlighting the paucity of trials of high

methodological quality. As a result, the development of clinical guidelines

for managing children and young people with IBD must be consensus based,
high-quality data from the adult IBD literature, together with the clinical

expertise and multidisciplinary experience of paediatric IBD experts.

(JPGN 2010;50: S14–S34)

rohn disease (CD), ulcerative colitis (UC), and indeterminate
colitis (IC) together form inflammatory bowel disease
C

(IBD), a common and chronic cause of morbidity in children
and teenagers. The aims of treatment of IBD in childhood and
adolescence are to induce remission of disease activity, maintain
remission, prevent relapse, normalise growth and development, and
restore a normal quality of life without adverse effects of either
disease or therapy. In textbooks, CD is noted as manifesting during
childhood or adolescence in up to 25% of patients (1) and UC
manifests before 20 years of age in between 15% and 40% of all
patients (2). Recent evidence from Scotland would suggest that 50%
of IBD cases present in children and adolescents (3), confirming the
need for paediatric multidisciplinary teams with appropriate train-
ing, expertise, and experience for the management of IBD in these
children and teenagers. In a prospective survey of cases of newly
diagnosed children younger than 16 years of age in the United
Kingdom during a 13-month period in 1998, 33% of children
received care only from adult services (4). During that time period,
many children were seen by general paediatricians with help from
adult services; for example, only 50% of children in Scotland had
any involvement in 1998/1999 with a paediatric gastroenterology,
hepatology, and nutrition service (4). The presence of evidence-
based clinical guidelines, presenting age-appropriate data from a
large number of systematic reviews, meta-analyses, and well-
designed randomised controlled trials (RCT) of therapy, would
be of inestimable benefit in the management of children and
teenagers with IBD, particularly if they are not being seen or are
rarely seen by relevant specialist paediatric IBD teams.

The lack of availability of both evidence-based clinical
guidelines and methodologically sound RCT of treatment modal-
ities for paediatric IBD is widely known to be a problem, including
to the IBD Working Group of the British Society of Paediatric
Gastroenterology, Hepatology, and Nutrition (BSPGHAN). In their
review of the best-available evidence for the treatment of IBD in
childhood, Escher et al (5) were able to find only 1 placebo-
controlled RCT in children with IBD. Others have also recently
reviewed treatment options for paediatric IBD (6–8). The
BSPGHAN IBD Working Group therefore wished to construct a
methodologically robust, consensus-based clinical guideline for the
treatment of paediatric IBD, comprising the best-available evidence
duction of this article is prohibited.

N � Volume 50, Suppl 1, February 2010

http://dx.doi.org/10.1097/MPG.0b013e3181c92caa


Copy

JPGN � Volume 50, Suppl 1, February 2010 Review of Evidence Base for Treatment of Paediatric IBD
from the paediatric literature, relevant methodologically high- quality
data from the adult IBD literature, together with clinical expertise
from multidisciplinary paediatric IBD specialists. The authors’ aim
for the first phase of this process was to produce a systematic review
of the evidence base available for the treatment of paediatric IBD,
with the evidence on the therapies appraised in a critical manner.

METHODS

Clinical Questions
The key clinical question was ‘‘What is the evidence for this

therapy in the treatment of paediatric IBD?’’ with treatment moda-
lities confined to medical and nutritional treatment, and excluding
surgical treatment. The following specific subquestions were also to
be answered:
� D

1

righ

www
oes this therapy induce remission in children younger than

8 years with CD compared to placebo or other therapies?

Does this therapy maintain remission in children younger than
�
1
8 years with CD compared to other therapies or placebo?

Does this therapy induce remission in children younger than
�
1
8 years with UC compared to placebo or other therapies?

Does this therapy maintain remission in children younger than
�
1
8 years with UC compared to placebo or other therapies?

Is there any harm associated with this therapy in the
�
m
anagement of paediatric IBD?

Does this therapy affect bone health in children younger than
�
1
8 years with IBD?
Approach to Evidence Review

Clinical guidelines were assessed by a subgroup (D.C.W.,
A.G.T.). Medication or nutritional therapies were divided into
categories and reviewed by a further 7 subgroups: immunomodu-
lators (azathioprine, 6-mercaptopurine, methotrexate, ciclosporin,
tacrolimus, thalidomide, mycophenolate [M.S.M., M.E., S.H.M.,
D.C.W.]); 5-aminosalicylate acid (5-ASA) preparations and sul-
phasalazine (N.M.C., A.S., D.C.W.); corticosteroids (J.M.E.F.,
R.M.B.); biological agents (A.K.A., B.K.S., B.K.S., D.C.W.); anti-
biotics, antituberculous therapy, and probiotics (S.G.M., E.N.,
D.C.); nutrition (enteral nutrition [EN], parenteral nutrition [PN],
and fish oil [D.C.W., A.G.T.]); and other treatment modalities (those
not covered in previous 6 categories by D.C.W., A.G.T.).

Inclusion Criteria

To obtain the maximal clinical material for review, the
inclusion criteria involved any of the following studies for the
treatment of paediatric IBD: clinical guidelines, systematic reviews
and meta-analyses, RCT, other controlled trials, cohort studies,
case-control studies, case series, and expert opinion (including
letters and narrative review). Paediatric therapy statements from
the European Crohn’s and Colitis Organisation (ECCO) consensus
on diagnosis and management of CD (9–11) were noted.

It was not our aim to perform a comprehensive literature
search for all of the evidence for treatment of adult IBD, but relevant
adult data from reviews of treatment of IBD in the Cochrane Library
to the end of 2006, statements from ECCO on diagnosis and
management of CD (9–11), the British Society of Gastroenterology
guidelines for the management of IBD in adults (12), and other
major systematic reviews or meta-analyses were reviewed. Reviews
of the IBD group of the Cochrane Collaboration are highlighted in
the discussion of each treatment modality.
t © 2010 by Lippincott Williams & Wilkins.Un
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Electronic Searches

The electronic search strategy of the Cochrane IBD group
was used (www.mrw.interscience.wiley.com/cochrane_clsysrev_cr-
glist_fs.html). A hierarchy of material was searched, with the initial
search being for clinical guidelines, systematic reviews, RCTs,
cohort studies, and case-control studies. For completeness of the
evidence review, the search was extended to surveys, letters,
narrative reviews, case series, and case reports. Repeated searches
were performed during a period of time, with electronic searches
made in November 2001, August 2004, January 2007, and May
2007. MEDLINE was searched from 1950 to December 2006 and
Embase from 1980 to December 2006 (A.G.T., E.N.). Successive
issues of the Cochrane Library up to 2007, issue 2, were searched
for reviews on CD, UC, and IBD (E.N., D.C.W.).

Hand Searching and Other Sources

Hand searching was performed for RCTs of the treatment
of paediatric IBD only. These were searched from 1996 to 2006
and represented the meeting abstracts (relevant journal) from
BSPGHAN (Archives of Disease of Childhood, A.G.T.), European
Society of Paediatric Gastroenterology, Hepatology, and Nutrition
(Journal of Pediatric Gastroenterology and Nutrition, S.G.M.),
North American Society of Pediatric Gastroenterology, Hepatology,
and Nutrition (Journal of Pediatric Gastroenterology and Nutrition,
D.C.), Digestive Disease Week (Gastroenterology, N.M.C.) and
United European Gastroenterology Week (Gut, S.H.M.). Relevant
papers from reference lists and from the personal collections of IBD
working group members were also used to complete the literature
search.

Processing of Literature

Details of all papers were entered on a dedicated database
(A.S.). All abstracts obtained from the electronic searches were
reviewed in abstract form to obtain those relevant to treatment
of paediatric IBD and to our key questions. This was performed by
2 members of the group, with any disagreement enlisting the help
of a third member, all of whom were trained in critical appraisal
(E.N., A.G.T., D.C.W.). We only reviewed the English language
literature. Full papers were then distributed to the 8 subgroups for
critical appraisal. These papers were reviewed in all 8 subgroups
for relevance to key clinical questions and for appropriate study
design. After this, the included papers were critically appraised
using predetermined criteria (see below). All of the papers were
reviewed by at least 2 members of the subgroup, with any
disagreement resolved by other working group members, up to
the whole group if necessary. Papers that had been received but
were judged as either irrelevant or of inappropriate design were
excluded, and each subgroup kept a list of excluded studies.
Examples of excluded studies were those that had been identified
in the initial search including the methodology filter of age
younger than 18 years but contained either only adult data or
where it was impossible to separate out the adult and paediatric
combined data.

Critical Appraisal

Clinical guidelines were appraised using the Appraisal of
Guidelines Research and Evaluation (AGREE) instrument (13).
After analysis of each document using the 23 key items organised in
6 domains of the AGREE appraisal instrument, an overall assess-
ment is given as to whether the guidelines under consideration are
authorized reproduction of this article is prohibited.
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recommended for use in practice. There are 4 choices: ‘‘strongly
recommend,’’ ‘‘recommend (with provisos or alterations),’’ ‘‘would
not recommend,’’ or ‘‘unsure.’’

Full copies of all of the papers were then obtained and
critically appraised using the Scottish Intercollegiate Guidelines
Network (SIGN; www.sign.ac.uk) methodology (14,15) by at least 2
appraisers in the other 8 subgroups. A third appraiser was consulted
if agreement could not be reached. In this appraisal, SIGN check-
lists on methodology were used for systematic reviews and meta-
analyses (defined as evidence level of 1), RCTs (defined as evidence
level of 1), cohort studies (defined as evidence level of 2), and case-
control studies (defined as evidence level of 2). Studies of evidence
levels 1 and 2 were further appraised on their methodological
quality as þþ, þ, or � (14,15). All of the other observational
evidence (defined as case series, surveys, and case reports) that
contained relevant clinical details and outcome data (benefit, harm)
and had been subject to the peer review process was given an
evidence level of 3. Narrative reviews and statements from expert
groups that did not have a strict guide to methodology were given an
evidence level of 4, as were letters to journals that contained
relevant clinical details and outcome data (benefit, harm) but had
not been subject to the peer review process. The included evidence
was constructed into an evidence table for each subgroup; studies
that were excluded were noted for each evidence table.

Manuscript Preparation

The writing group consisted of Drs Akobeng, Croft, Fell,
Mitton, Thomas, and Wilson, and was led by Dr Wilson.

RESULTS
A total of 6285 papers were identified, of which 1255 were

on children; these were entered into the database. After critical
appraisal, only 103 publications met our criteria as evidence on
medical and nutritional treatment of paediatric IBD. Within this
number, we identified only 3 clinical guidelines, 1 systematic
review, and 16 RCT; all of them were of variable quality and none
obtained the highest methodological scores.

Clinical Guidelines

There are no published European or North American guide-
lines specifically for managing children and young people with
IBD. We reviewed 3 clinical guidelines: the section on CD in
children and adolescents of the ECCO consensus on diagnosis and
management of CD (11) and Japanese guidelines on the treatment of
children with UC (16) and CD (17). After analysis of each document
using the 23 key items organised in 6 domains of the AGREE
appraisal instrument, none were strongly recommended for use in
practice, being either recommended with provisos and alterations
(11) or not recommended (16,17). The lack of relevant guidelines
with appropriate methodology resulted in our comprehensively
reviewing all of the remaining evidence.

Immunomodulators

There are 26 publications on immunomodulator usage
included in evidence Tables 1 and 2. There have been 13 publi-
cations (Table 1) on use of azathioprine and 6-mercaptopurine
(6-MP), namely 1 RCT (18; evidence level (EL) 1-), 1 cohort study
(19; EL2þ), 2 questionnaire surveys (20,21; EL3), and 9 case series
(22–30; EL3). There have been 6 case series (31–36; EL3) of
cyclosporin usage, 2 case series, and 1 case report (37–39; EL3) of
topical or oral tacrolimus usage, 2 case series (40,41; EL3) of
right © 2010 by Lippincott Williams & Wilkins.Un
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methotrexate usage, and 1 case series (42; EL3) and 1 letter (43;
EL4) concerning thalidomide usage (Table 2). There are no reports
of mycophenolate usage.

Induction of Remission in IBD

There were no paediatric studies that specifically addressed
the possible role of azathioprine and 6-MP in the treatment of active
CD. A small case series reported the use of low dose (3 mg/kg)
intravenous azathioprine to aid speed of time to remission in
3 children with severe colitis—1 each of CD, UC, and IC (22).

Cyclosporin usage (Table 2) to induce remission was ana-
lysed in 6 case series, 3 of UC (31,32,34; total of 19 children), 2 of
CD (33,35; total of 20 children), and 1 mixed (36; 6 children).
Although described as having random allocation, no details of
randomisation are given by Nicholls et al (35), and a personal
communication from a member of the research team casts doubt on
randomisation having been performed, so this has been treated as a
case series (following guidance from SIGN).

There have been 3 case series or reports (37–39) of tacro-
limus usage to induce remission in severe oral or perianal CD,
2 topical and 1 oral (Table 2).

There have been 2 case series of methotrexate usage to
induce remission in CD (40,41; 14 and 61 children, respectively)
(Table 2). Nine of 14 showed clinical and haematological response
within 4 weeks in the first series, and methotrexate improved the
patients’ condition or induced a remission in 49 of 61 (80%) patients
in the second.

There is 1 case series and 1 letter concerning thalidomide
usage to induce remission in refractory CD (42,43; 4 children).

Maintenance of Remission in IBD

In a RCT of 55 children with newly diagnosed moderate-to-
severe CD who were randomised to receive an initial course of
prednisone and either 6-MP or placebo, follow-up lasted for 18
months (18). No difference in remission rate was noted between the
treatment groups (both 89%). Those taking 6-MP had a reduced
total duration of corticosteroid usage, and their cumulative steroid
dose received was also less. Only 9% of the 6-MP group relapsed
during the study period compared with 47% of the controls. This
trial was not sufficiently powered and may have failed to identify a
significant effect on remission rates.

In a retrospective cohort study from 3 centres in the Nether-
lands, median maintenance of first remission in patients with CD
was longer in steroid-treated patients who received azathioprine
from the outset compared with those who did not. (19). There were 8
published case series reporting the authors’ experience with
azathioprine or 6-MP in children with relatively troublesome
IBD (both UC and CD) (24–30). The authors merely indicated
that in their experience the agents were ‘‘generally well tolerated
and useful,’’ while in some cases quantifying corticosteroid usage.
In 1 retrospective review the use of 6-MP or azathioprine for
perianal CD was examined (27). There is 1 case series and 1 letter
concerning thalidomide usage to maintain remission in refractory
CD (42,43; 4 children).

Methotrexate was evaluated in 1 series from 3 French centres
(41); methotrexate was given to 61 children with active CD either
because of nonresponse to or relapse on azathioprine (n¼ 42) or
azathioprine intolerance/toxicity (n¼ 19). Methotrexate had
improved the patients’ condition or induced a remission in 49
(80%). Complete remission was observed in 39%, 49%, and
45% at 3, 6, and 12 months, respectively.
authorized reproduction of this article is prohibited.
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Harm

In the RCT of 6-MP in CD, no growth disadvantage was
identified amongst patients taking steroids, but the small number
of subjects (n¼ 55) and the relatively short duration of the study
(18 months) could have concealed any benefit (18). A rapid
response to topical tacrolimus was noted in a 15-year-old with
severe oral CD, but there was significant systemic absorption and
treatment was complicated by shingles (38). Adverse reactions were
observed in 14 of 61 patients (24%) receiving methotrexate (41),
requiring discontinuation in 6 (10%). There are no published studies
regarding risk of malignancy and immunosuppressant usage in
patients with paediatric IBD.

Bone Health

No study reported bone health as an outcome.

5-Aminosalicylate Acid Preparations and
Sulphasalazine

There are 13 publications on mesalazine and sulphasalazine
usage included in evidence Table 3. There were 3 RCT (44–46;
EL1-) involving 102 patients and a cohort study (47; EL2-) of 153
patients. An additional 147 patients were reported in 9 case series
(48–56; EL3).

Induction of Remission in CD

There is 1 small RCT examining the effect of mesalazine
against placebo for small bowel CD after 1, 2, and 3 months of
therapy (44). Six of 14 children enrolled in the study completed it. A
total of 40% improved with mesalazine compared with 20%
with placebo.

Maintenance of Remission in CD

There is no evidence for the use of aminosalicylates for the
maintenance of remission in CD in children.

Induction of Remission in UC

Two RCTs (45,46) were identified in children. Ferry et al
compared orally administered olsalazine (30 mg kg�1� day�1)
against sulphasalazine (60 mg � kg�1� day�1) in 59 children (45).
There was a nonsignificant trend in favour of sulphasalazine,
comparing remission rates after 3 months of monotherapy (79%
vs 50%). No difference in adverse effects was noted and all of these
were reported to be minor. Odera et al reported in 29 patients that
either ASA or hydrocortisone enemas resulted in a higher remission
rate than placebo for isolated left-sided colitis (46).

Maintenance of Remission in UC

There is no evidence for the use of aminosalicylates for the
maintenance of remission in UC in children.

Harm

Although adverse effects were reported in many of the
paediatric studies (eg, diarrhoea, skin rash, neutropaenia), only
1 case series specifically investigated the risk of renal adverse
effects and found none (55).
right © 2010 by Lippincott Williams & Wilkins.Un

www.jpgn.org
Bone Health

No study reported bone health as an outcome.

Corticosteroids

There are 33 publications on corticosteroid usage included in
evidence Table 4. Apart from 1 small RCT that compared different
enema regimens to placebo (46; EL1), none of the other RCTs have
been placebo controlled (57, EL1þ; 58–62, EL1-). In these 7 RCTs
(all in CD), prednisolone has been used as standard therapy in 6 and
oral methyl prednisolone in 1 (57), against which other treatments
were tested (EN in 4 [57–60], azathioprine in 1 [18], and bude-
sonide in 2 [61,62]). There was 1 meta-analysis comparing EN with
corticosteroids in children with CD (63; EL1-).

The other papers identified have focused on different aspects
of corticosteroid therapy in both UC and CD. There were 2 large
case series that reported the natural history of 97 children with UC
(64, EL3) and 109 with CD (65; EL3). These provided information
on outcome at 1 year following various treatments including
corticosteroids in most cases. Further case series reported children
with CD and UC treated with prednisolone (66; EL3); children with
CD treated with budesonide (67–70; EL3), EN (35,71,73; EL3), or
azathioprine (25; EL3); and children with UC (72; EL3) treated with
prednisolone. A further set of 12 reports focused on pharmacoki-
netics (74,75; EL3) and the potential adverse effects of corticoster-
oids (76–85; EL3) on growth, metabolism, bone health, ocular
pressure, and intracranial hypertension.

Induction of Remission in CD

All but 1 (57) of the RCTs comparing EN with corticoster-
oids to induce remission in intestinal CD were of poor methodo-
logical quality (58–60), as is the systematic review on the subject
(63). The 2 RCTs comparing corticosteroids with budesonide
(61,62) were also of poor methodological quality. There are no
RCT comparing dosage regimens or weaning regimens, although a
dose of prednisolone of 1 to 2 mg � kg�1 day�1, or budesonide of
9 mg is adopted in nearly all of the studies. These doses have been
found to induce remission in the reported case series.

Maintenance of Remission in CD

Steroid dependence at 1 year of 31% has been reported in
1 series (65), in which 81% of cases had received immunomodu-
latory therapy and 28% received infliximab.

Induction of Remission in UC

There was 1 small RCT into different enema regimens
(hydrocortisone, 5-ASA or placebo), which included 10 cases with
UC (46). Otherwise, there are no RCTs on corticosteroid use in UC
to attain remission; however, in 2 series (totalling almost 100 cases)
remission was obtained with prednisolone or methyl-prednisolone
doses of 1 to 2 mg � kg�1 day�1 before tapering (64,73). In 1 of
these series (64), corticosteroids were avoided in 21% of cases only
in the first year after diagnosis.

Maintenance of Remission in UC

Steroid dependence at 1 year of 45% has been reported in
1 series (64), in which 61% of patients had also received azathiopr-
ine or 6-MP.
authorized reproduction of this article is prohibited.
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Harm

Numerous adverse effects of corticosteroids have been
reported in the context of IBD treatment, either as case series
(76–85) or as individual cases within RCTs. These effects include
raised ocular pressure, cataract, intracranial hypertension, infec-
tions, altered mood, and changes in cosmetic appearance. One RCT
that compared prednisolone to budesonide failed to achieve the
planned recruitment to investigate its primary outcome measures of
remission, but as a secondary outcome measure reported reduced
facial adverse effects and less cortisol suppression with budesonide
(62). Two RCTs comparing corticosteroids with EN have described
worsened short-term growth on corticosteroids (58,60).

Bone Health

The potential harmful effects of corticosteroids on bone
health have also been explored in 4 case series (270 IBD cases
treated with corticosteroids) (82–85). Although bone mineralis-
ation was reduced in children with IBD, the studies were unable to
distinguish conclusively between the effects of the underlying
disease and the effects of therapy.

Biological Agents

Sixteen publications on biological therapy usage are included
in evidence Table 5. There were 13 publications on the use of
infliximab; 7 cohort or open-label studies (86–92 and 98; EL2-)—
from which 1 cohort of 9 children with UC had both induction (87)
and maintenance (98) of remission of UC described—and 5 case
series (93–97; EL3). Three other biological agents have been
studied in case series or reports, namely adalimumab (99; EL3),
anti-CD25 (100; EL3), and CDP571 (101; EL3).

Induction of Remission in CD

There was an apparent benefit for children treated with
infliximab (5 or 10 mg/kg) with medically refractory CD and also
fistulising intestinal CD (86,88,89,91–95,97) in case series and
cohort studies. In 1 prospective study, 3 consecutive infusions were
given at 0, 15, and 45 days to children with refractory and/or
fistulating disease and 19 of 21 went into complete remission by day
45 (86). In this study, all perianal fistulas (n¼ 12) had closed by day
90. In a prospective cohort study, Borrelli et al found infliximab to
be effective in inducing remission, healing gut inflammatory
lesions, and promoting growth (91).

There is a single case report (99) of a teenage girl with
refractory CD and intolerant of infliximab who entered remission
on adalimumab and has had 12 fortnightly doses, remaining in
remission at week 22. There is a case series of 20 children with CD
who received a single dose of CDP571 (101). At week 2, 30% were
in remission.

Maintenance of Remission in CD

There have been no formal paediatric studies assessing the
efficacy of infliximab for maintaining remission in CD. One
prospective study (88) looked at the long-term (1 year) impact
of remission induced by 3 infliximab infusions. It found that the
effect was transitory, with 90% having frequent relapses despite
immunosupression. In a retrospective study, 29% of 88 patients
with CD who received between 1 and 17 infusions of infliximab
during a median time period of 4 months were found to be in
remission after 90 days (97).
right © 2010 by Lippincott Williams & Wilkins.Un

www.jpgn.org
Induction of Remission in UC

There have been 2 retrospective cohort studies of infliximab
involving 23 children (87,90) and 1 case series involving 12 children
(96). There is a case series of 4 children given anti-CD25 for
fulminant UC who were then treated with intravenous cyclosporin
or tacrolimus (100). None required colectomy within 60 days;
2 later relapsed after cyclosporin withdrawal and underwent
elective colectomy.

Maintenance of Remission in UC

There was 1 retrospective cohort with follow-up of all
patients for 26 to 38 months (98). Nine children with UC had
infliximab to induce remission for UC (87); 7 responded and had
a total of 33 infusions. Five of 7 maintained response and
2 required colectomy.

Harm

In the small total number of cases so far reported, a small
number of adverse events have been reported. Hyams et al (93)
reported adverse events—erythema, facial swelling, and dys-
pnoea—in 3 children. Serrano et al (94) reported 1 patient who
developed Staphylococcus aureus septicaemia associated with
septic arthritis and osteomyelitis. Cezard et al (88), in a retro-
spective cohort study, reported 1 case of anaphylactic reaction to
medication and 1 case of catheter-related sepsis, 6 patients devel-
oped anti-nuclear antibodies, and 2 developed anti-DNA antibodies.

Bone Health

No study reported bone health as an outcome.

Antibiotics, Antituberculous Therapy, and
Probiotics

There were no publications on antibiotic usage, antituber-
culous therapy, or probiotics that met the inclusion criteria, there-
fore, there is no evidence table.

Nutrition (Enteral Nutrition, Parenteral
Nutrition, and Fish Oil)

There are 27 publications included in the evidence Table 6.
There has been 1 systematic review of RCT of EN versus
corticosteroids (63; EL1-). It contained 3 RCT (58–60; EL1-);
since then, there has been 1 additional RCT of EN versus
corticosteroids (57; EL1þ). There have been 4 RCT of EN
strategies, with both arms of the study receiving EN (102
[EL1þ]; 103–105 [EL 1-]) There was 1 RCT of the addition
of n3-fatty acid or olive oil placebo to mesalazine to maintain
remission in CD (106; EL1-). There were no RCTs of the use
of PN. There have been 5 cohort studies, 2 of supplemental EN
(107 [EL2þ]; 108 [EL2-]), and 1 each of EN or prednisolone (71;
EL2-), intermittent EN (109; EL2-), and PN (110; EL2-). There
have been 11 case series, 5 of EN for remission in CD
(35,73,111–113; EL3), 1 of long-term EN (114; EL3), 1 of
supplemental EN (115; EL3), 1 of intermittent EN (116; EL3),
1 of oral or rectal N-acetyl glucosamine as a nutritional substrate
(117; EL3), and 2 of PN (118,119; EL3). There has been 1 case
report of a significant adverse event during EN (120; EL3).
authorized reproduction of this article is prohibited.
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Induction of Remission in CD

The systematic review of RCT of EN versus corticosteroids
for induction of remission of CD in paediatric patients was of low
quality (63). It comprised 147 children: 60 from 3 small RCTs (58–
60) and 87 from 2 abstracts of RCT; 2 nonrandomised trials
containing 47 more children were also added to the analysis. A
further RCT of EN versus corticosteroids for induction of remission
of CD in paediatric patients was of better methodological quality
and comprised 37 children (57). All of the trials showed roughly
equivalent remission rates, slightly favouring corticosteroids.

The 4 RCTs of differing EN strategies to induce remission
showed the superiority of total EN as opposed to partial EN in the
only appropriately powered trial (102; P< 0.04), but no benefit of
the addition of glutamine to polymeric EN (103), no benefit of
altered fat composition in EN (104), and no benefit for elemental as
opposed to polymeric feed (105) in studies of low power.

Maintenance of Remission in CD

There was significant benefit from the addition of n3-fatty
acid to mesalazine to maintain remission in CD in an RCT of low
methodological quality and at high risk for bias (106).

Induction of Remission in UC

The only data in UC were 2 of 12 children in a series from
a pilot trial when given an oral nutritional substrate (N-acetyl
glucosamine); both improved.

Maintenance of Remission in UC

There are no relevant studies.

Harm

The only serious adverse event reported with EN, PN, or fish
oil was a case of refeeding syndrome during EN therapy to induce
remission in CD (120).

Bone Health

None of the studies reported this as a primary or well-defined
secondary outcome.

Other Treatment Modalities

There were no publications on other treatment modalities
that met the inclusion criteria, therefore, there is no evidence table.

DISCUSSION
We have rigorously searched the available literature for

relevant evidence on the treatment of paediatric IBD to January
1, 2007. The results are disappointing, with a lack of high-quality
evidence. There are no methodologically robust clinical guidelines
and no systematic reviews nor RCTs that can meet the highest
methodological criteria, in this case those of the SIGN. Only
a handful of RCT and cohort studies were well conducted with a
low risk of bias in the results (EL1þ or EL2þ, respectively). By
contrast, there is evidence of high quality for the treatment of
adult IBD, including Cochrane reviews and other systematic
reviews, some of which may combine both adult and paediatric
evidence. Paediatric practitioners emphasize that there are important
authorized reproduction of this article is prohibited.
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differences in terms of managing children and adults with IBD, given
the differences in relative physiology, pharmacokinetics, and phar-
macodynamics, and the relevant aims for treatment. In paediatric
IBD, treatment aims include restoration of normal growth, normal
progression through the pubertal stages, achievement of full edu-
cational potential, restoration of normal lifestyle, and prevention of
harm (both physical and psychological). Given the profound effects
of proinflammatory cytokines on growth and pubertal development,
we may need to aim for not just clinical remission, radiological
remission, remission of serology, and other biological markers but
also for mucosal remission. For all of these reasons, extrapolated data
from the adult IBD literature alone is insufficient to guide treatment of
paediatric IBD. Although limited in terms of the quality of the
methodology, the enclosed evidence base of management of paedia-
tric IBD does provide much important information for paediatric IBD
teams and includes some highly influential publications that have
helped to advance paediatric IBD care.

Clinical Guidelines

There are no clinical guidelines available that can be strongly
recommended for use in clinical paediatric IBD practice. Given the
lack of available high-quality evidence, a strict clinical guideline
based on both systematic reviews and large, robustly designed and
clinically appropriate RCTs is many years away. This comprehen-
sive evidence review has therefore led to our present consensus
guideline document (see pp. S1–S13). In this accompanying guide-
line, a small number of the BSPGHAN IBD Working Group
reviewed this paediatric evidence base, together with the ECCO
consensus on diagnosis and management of CD (9–11, which is on
adult CD except for a brief section on paediatric CD) and the British
Society of Gastroenterology guidelines for the management of IBD
in adults (12). The draft guideline was sent to all of the members of
BSPGHAN (a multidisciplinary group) and to lay/patient/family
groups interested in paediatric IBD, and the responses were eval-
uated. It was recirculated a second time and consensus was achieved.

Immunomodulators

With just 1 RCT, there is little reliable evidence regarding the
use of these agents in childhood IBD, despite the marked current
increase in their use (21). Current practice is based on adult practice,
and tending towards earlier use of azathioprine/6-MP, possibly even
as first-line agents. Methotrexate is used as a second-line immu-
nomodulator in the event of intolerance to or failure of azathioprine/
6-MP. By contrast, use of cyclosporine and tacrolimus remains
limited to children with complex and treatment-resistant disease.
Cyclosporin has a limited role as the therapy of last resort after
failure of conventional treatment in refractory or fulminant UC,
potentially allowing deferral of operation until the patient is phy-
sically and psychologically better prepared for surgery.

Cochrane and Other Significant Reviews of
Management of Adult Inflammatory Bowel
Disease

Using data of studies in adults with IBD, a meta-analysis has
confirmed the role of azathioprine/6-MP in maintaining long-term
disease remission in adults (121). A Cochrane review has also done
so and has supported their steroid-sparing benefit (122). However, it
takes at least 17 weeks for effectiveness to manifest (123).

There have been several studies of methotrexate therapy in
treatment-resistant CD in adults, including 3 randomized placebo-
controlled trials. A Cochrane review supports the findings that
right © 2010 by Lippincott Williams & Wilkins.Un
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weekly injections of 25 mg of methotrexate intramuscularly may
induce remission and steroid withdrawal in patients with refractory
CD (124). There is limited evidence that cyclosporin is more
effective than standard treatment alone for severe UC (125). The
use of low-dose oral cyclosporin for the treatment of chronic active
CD is not justified (126).

5-Aminosalicylate Acid Preparations and
Sulphasalazine

The quality of available evidence is poor. Oral 5-ASA and
sulphasalazineata doseof50 to100 mg �kg�1 day�1 appear tobesafe
and effective in the induction and maintenance of remission of active
UC.Topical5-ASAmaybeusedfor left-sidedordistalUC.There isno
adequate evidence for or against the use of 5-ASA in childhood CD.

Cochrane and Other Significant Reviews of
Management of Adult Inflammatory Bowel
Disease

There have been 3 Cochrane reviews of aminosalicylate usage
(127–129). For the treatment of active UC, 5-ASA is superior to
placebo, with a probable dose response trend. Thus higher doses may
be of benefit in this situation. There is a trend to benefit of oral 5-ASA
preparations (both in terms of efficacy and minimising side effects)
oversulfasalazine.However,considering their relativecosts,aclinical
advantage to using the newer 5-ASA preparations in place of sulpha-
salazine appears unlikely (127).ASA can be used for the preventionof
relapses in UC. 5-ASA is superior to placebo but slightly inferior to
sulphasalazine (128). There is no evidence for using 5-ASA in the
maintenance of medically induced remission in CD (129).

Corticosteroids

Corticosteroids are widely used as primary therapy for
induction of remission in children with IBD. There are, however,
concerns regarding toxicity, such as the suppression of linear
growth, that are of particular relevance to paediatric practice.
The quality of available evidence is poor. Corticosteroids appear
to induce clinical remission in childhood CD and UC. Rectal
therapy can be used for distal disease. There is a risk of osteopenia
with corticosteroid usage plus other toxicities, including obesity,
striae, susceptibility to infection, and mood disturbance.

Cochrane and Other Significant Reviews of
Management of Adult Inflammatory Bowel
Disease

There have been 3 Cochrane reviews of corticosteroid usage
in adult patients (130–132). Corticosteroid therapy is more effec-
tive than EN for remission of active CD (130). There is no evidence
for using either prednisolone (131) or budesonide (132) in the
maintenance of medically induced remission in CD.

Biological Agents

There is a lack of good-quality studies on the use of inflix-
imab and adalimumab in paediatric IBD. A single-dose intravenous
infusion of 5 mg/kg of infliximab has been shown to lead to
improvements in symptoms in children with active CD and in
some children with UC refractory to conventional medical therapy.
For perianal fistulating and/or severe refractory CD, 3 doses of
5 mg/kg have been shown to induce remission. The effect may be
transitory, with most patients relapsing by 1 year. Adverse events in
authorized reproduction of this article is prohibited.
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these studies were rare but occasionally serious, especially risk of
sepsis. Recent reports suggest that infliximab may be associated
with an increased risk of hepatosplenic T cell lymphoma (HSTCL).
Eight cases of HSTCL in young patients using infliximab to treat
IBD were reported to the Food and Drug Administration between
1998 and October 2006 (133). Interestingly, all 8 patients were
receiving concomitant treatment with azathioprine or 6-MP. Whilst
definite evidence on the association between the development of
lymphoma and the use of infliximab in CD disease is lacking (134),
there may be a small risk (about 8/10,000), especially in patients
treated with a combination of infliximab and purine analogues
(135). This has been a cause of great concern to paediatric gastro-
enterologists, together with reports of HSTCL in young patients
with IBD treated with adalimumab (Abbott Laboratories, unpub-
lished observation) and of occurrences of demyelination, toxic
retinopathy, and cancers that reversed on cessation of biological
therapy. It is vital that the risk of rare but serious adverse events be
discussed with children and their families before initiating the use
of biological agents, and that an exit strategy for future cessation
of biological therapy be discussed. The use of written informed
consent is now common amongst BSPGHAN members, together
with the provision of detailed written summaries of benefits and
risks of biological therapy in paediatric IBD.

Cochrane and Other Significant Reviews of
Management of Adult Inflammatory Bowel
Disease

There have been 2 Cochrane reviews of infliximab usage in
adult patients (136,137). Infliximab has been shown to be effective
in the induction of remission in adults with CD (136) and more
recently in adults with UC (137).

In an RCT, infliximab was shown to be effective in the main-
tenance of remission in adults with CD (138). For clinical practice in
the United Kingdom, the National Institute of Clinical Excellence has
issued its guidance on the use of infliximab in CD in adults (www.
nice.org.uk, guideline no. 40). It recommends that infliximab use be
reserved for patients with severe disease that is unresponsive to
conventional therapy and for whom surgery is inappropriate.

Antibiotics, Antituberculous Therapy, and
Probiotics

Despite the widespread use of antibiotics and probiotics by
paediatric gastroenterologists and families, there was no paediatric
literature available for either.

Cochrane and Other Significant Reviews of
Management of Adult Inflammatory Bowel
Disease

There have been 2 essentially negative Cochrane reviews
(139,140); the first concluded that the use of antituberculous
therapy cannot be recommended on the basis of the available
evidence (139). A second review (140) concluded that there was
no evidence to suggest that probiotics are beneficial for the main-
tenance of remission in CD.

Nutrition (Enteral Nutrition, Parenteral
Nutrition, and Fish Oil)

EN is regarded as the primary therapy for induction of
remission of CD by paediatric gastroenterologists in the United
right © 2010 by Lippincott Williams & Wilkins.Un
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Kingdom and Europe, but less so by paediatric gastroenterologists
elsewhere and by adult gastroenterologists in the United Kingdom
and elsewhere. PN is usually used as supportive therapy during
acute severe exacerbations of IBD, or else when CD is complicated
by short gut syndrome or extensive enterocutaneous fistulae. Fish
oil preparations are usually purchased by families as supportive
complementary/alternative therapy for IBD in their children. Of
note, there are no RCTs of EN versus placebo; 4 are of EN versus
steroids and 4 are of 1 EN regimen against another. Many of the
practical aspects of EN administration, such as duration of feed
administration or food reintroduction regimen, have yet to be
subjected to primary analysis by RCT. There are no RCTs of PN
usage nor of use of fish oil in induction of remission in paediatric IBD.

The systematic review of RCT of EN versus corticosteroids
in paediatric patients was of low quality (63). It comprised 147 chil-
dren in 3 small RCTs and 2 abstracts of RCTs; of these, only
60 children were from fully published articles and the remainder
from 2 abstracts. Neither abstract has been converted to an original
article in more than 10 years, so it is doubtful that either ever will be.
The authors calculated that a sample size of 182 children was
needed to demonstrate a treatment effect of 20%. There is a need for
a definitive well-conducted RCT, rather than the lumping of small
and heterogeneous studies together in a meta-analysis. Mucosal
remission may be important in the restoration of growth in pae-
diatric IBD, with return of proinflammatory cytokines towards
normal levels. Mucosal rather than clinical remission was used
as the primary outcome to generate sample size in 1 RCT of EN
versus corticosteroids (57), and was significantly more likely at
10 weeks in children taking polymeric formula. There was no
difference in clinical outcome.

From these studies, EN appears to be safe and effective in the
induction of remission of CD and is almost as effective as corti-
costeroids, with none of the steroid-associated toxicities during
treatment.

Cochrane and Other Significant Reviews of
Management of Adult Inflammatory Bowel
Disease

There has been 1 Cochrane review (130), which showed that
corticosteroids were more effective at inducing remission of CD
than EN; however enteral feeding ‘‘allows improved nutritional
status and growth.’’ Two of the 16 studies included were paediatric
studies.

Other Treatment Modalities

Many drugs and nutritional and complementary/alternative
therapies beyond those described in the 6 treatment groups above
are used by physicians and families in paediatric IBD, but we could
find no relevant publications.

Cochrane and Other Significant Reviews of
Management of Adult Inflammatory Bowel
Disease

No relevant reviews were discovered.

CONCLUSIONS
With our systematic literature search ending on January 1,

2007, there have been significant recent additions to the paediatric
and combined paediatric and adult literature. These include an RCT
of infliximab usage in children with CD (141) and an open-label
authorized reproduction of this article is prohibited.
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study of natalizumab usage in children with CD (142). There are
new or updated Cochrane reviews of combined paediatric and adult
interventions, such as those for fish oil (143) and enteral nutrition
(144), respectively. Many gaps still exist in areas that are generating
high-quality adult data but as yet no paediatric data, such as
antituberculous therapy for CD (145) and either the induction or
maintenance of remission in CD using adalimumab (146,147).

This exercise has identified significant gaps in the literature
on the treatment of paediatric IBD, which suggests the need for a
rolling programme of clinically relevant, methodologically robust,
and well-performed and well-presented RCTs of treatment.
Although attention will inevitably concentrate on the newer agents,
such as biological therapies, there is a great need to evaluate tradi-
tional and useful agents, such as the immunomodulators azathio-
prine and methotrexate. Consideration of clinically relevant out-
comes is needed; for example, restoration of normal growth is
vital in paediatric IBD, yet this has not been the primary
outcome of any study to date (148). The publication of the first
Consolidated Standards of Reporting Trials (better known as
CONSORT) statement was in 1996 (149), with revision in 2001
(150), yet RCTs in paediatric IBD continue to be designed and their
results disseminated despite failing to meet the agreed-upon meth-
odological and presentation criteria. Of the 16 RCTs in this
evidence base, many have obvious methodological flaws (no or
inadequate randomisation details, no concealment details, no sample
size calculation, no intention-to-treat analysis) and few have a
CONSORT-type flow diagram of subject progress through the RCT.

The present review has directly led to the construction of a
methodologically robust, consensus-based clinical guideline on the
treatment of paediatric IBD (see pp. S1–S13), comprising the best-
available evidence from the paediatric literature (including the use
of this evidence-based review), relevant methodologically high-
quality data from the adult IBD literature, together with the clinical
expertise and experience of multidisciplinary teams that manage
paediatric IBD in children and teenagers. The content of evidence-
based practice is controversial to some, and we agree with Glasziou
(151) that what we need is evidence-informed practice, with wis-
dom derived from clinical expertise and experience, in this case in
the treatment of paediatric IBD.
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