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ABSTRACT

Background

Corticosteroids are effective for induction, but not maintenance of remission in Crohn's disease. Significant concerns exist regarding the
risk for adverse events, particularly when corticosteroids are used for long treatment courses. Budesonide is a glucocorticoid with limited
systemic bioavailability due to extensive first-pass hepatic metabolism and is effective for induction of remission in Crohn's disease.

Objectives

To evaluate the efficacy and safety of oral budesonide for maintenance of remission in Crohn's disease.

Search methods

The following databases were searched from inception to 12 June 2014: PubMed, MEDLINE, EMBASE, CENTRAL, the Cochrane IBD/FBD
Group Specialised Trial Register, and ClinicalTrials.gov. Reference lists of articles, as well as conference proceedings were manually
searched.

Selection criteria

Randomized controlled trials comparing budesonide to a control treatment, or comparing two doses of budesonide, were included. The
study population included patients of any age with quiescent Crohn's disease.

Data collection and analysis

Two independent investigators reviewed studies for eligibility, extracted data and assessed study quality using the Cochrane risk of bias
tool. The primary outcome was maintenance of remission at various reported follow-up times during the study. Secondary outcomes
included: time to relapse, mean change in CDAI, change in quality of life scores, adverse events and study withdrawal. We calculated
the risk ratio (RR) and corresponding 95% confidence interval (95% ClI) for dichotomous outcomes and the mean difference (MD) and
95% Cl for continuous outcomes. Data were analysed on an intention-to-treat basis. The Chi2 and |12 statistics were used to assess
heterogeneity. Random-effects models were used to allow for expected clinical and statistical heterogeneity. The overall quality of the
evidence supporting the primary outcome was assessed using the GRADE criteria.

Budesonide for maintenance of remission in Crohn's disease (Review) 1
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Main results

Twelve studies (n =1273 patients) were included in the review: eight studies compared budesonide to placebo, one compared budesonide
to 5-aminosalicylates, one compared budesonide to traditional systemic corticosteroids, one compared budesonide to azathioprine, and
one compared two doses of budesonide. Nine studies used a controlled ileal release form of budesonide, while three used a pH-modified
release formulation. Nine studies were judged to be at low risk of bias. Three studies were judged to be at high risk of bias due to blinding
and one of these studies also had inadequate allocation concealment. Budesonide 6 mg daily was no more effective than placebo for
maintenance of remission at 3 months, 6 months or 12 months. At three months 64% of budesonide 6 mg patients remained in remission
compared to 52% of placebo patients (RR 1.25, 95% Cl 1.00 to 1.58; 6 studies, 540 patients). A GRADE analysis indicated that the overall
quality of the evidence for this outcome was low due to moderate heterogeneity (12 = 56%) and sparse data (315 events). At six months
61% of budesonide 6 mg patients remained in remission compared to 52% of placebo patients (RR 1.15, 95% CI 0.95 to 1.39; 5 studies,
420 patients). A GRADE analysis indicated that the overall quality of the evidence for this outcome was moderate due to sparse data (238
events). At 12 months 55% of budesonide 6 mg patients remained in remission compared to 48% of placebo patients (RR 1.13; 95% CI 0.94
to 1.35; 5 studies, 420 patients). A GRADE analysis indicated that the overall quality of the evidence for this outcome was moderate due to
sparse data (215 events). Similarly, there was no significant benefit for budesonide 3 mg compared to placebo at 6 and 12 months. There
was no statistically significant difference in continued remission at 12 months between budesonide and weaning doses of prednisolone
(RR 0.79; 95% Cl 0.55 to 1.13; 1 study, 90 patients). A GRADE analysis indicated that the overall quality of the evidence supporting this
outcome was low due to sparse data (51 events) and high risk of bias (no blinding). Budesonide 6 mg was better than mesalamine 3 g/
day at 12 months (RR 2.51, 95% CI 1.03 to 6.12; 1 study, 57 patients). A GRADE analysis indicated that the overall quality of the evidence
supporting this outcome was very low due to very sparse data (18 events) and high risk of bias (no blinding). There was no statistically
significant difference in continued remission at 12 months between budesonide and azathioprine (RR 0.81; 95% CI 0.61 to 1.08; 1 study 77
patients). A GRADE analysis indicated that the overall quality of the evidence supporting this outcome was very low due to sparse data (55
events) and high risk of bias (single-blind and no allocation concealment). The use of budesonide 6 mg resulted in slight improvements in
CDAI scores when assessed at 6 months (MD -24.30, 95% Cl -46.31 to -2.29) and 12 months (MD -23.49, 95% CI -46.65 to -0.32) and mean
time to relapse of disease (MD 59.93 days, 95% CI 19.02 to 100.84). Mean time to relapse was significantly shorter for patients receiving
budesonide than for those receiving azathioprine (MD -58.00, 95% Cl -96.68 to -19.32). Adverse events were not more common in patients
treated with budesonide compared to placebo (6 mg: RR 1.51, 95% CI 0.90 to 2.52; 3 mg: RR 1.19, 95% CI 0.63 to 2.24). These events were
relatively minor and did not result in increased rates of study withdrawal. Commonly reported treatment-related adverse effects included
acne, moon facies, hirsutism, mood swings, insomnia, weight gain, striae, and hair loss. Abnormal adrenocorticoid stimulation tests were
seen more frequently in patients receiving both 6 mg (RR 2.88, 95% Cl 1.72 to 4.82) and 3 mg daily (RR 2.73, 95% CI 1.34 to 5.57) compared
to placebo.

Authors' conclusions

These data suggest budesonide is not effective for maintenance of remission in CD, particularly when used beyond three months following
induction of remission. Budesonide does have minor benefits in terms of lower CDAI scores and longer time to relapse of disease. However,
these benefits are offset by higher treatment-related adverse event rates and more frequent adrenocorticoid suppression in patients
receiving budesonide.

PLAIN LANGUAGE SUMMARY

Budesonide for maintenance of remission in Crohn's disease

Budesonide is a corticosteroid drug which is rapidly broken down by the liver, reducing corticosteroid-related side effects (e.g., moon face).
Research showing that budesonide is effective in treating active Crohn's disease has led to clinical trials examining the effect of budesonide
on reducing disease recurrence in non-active Crohn's disease.

This review identified 12 studies that included a total of 1273 participants. Eight studies compared budesonide with placebo (e.g. a sugar
pill), one study compared budesonide to mesalamine (an anti-inflammatory drug), one study compared budesonide to traditional systemic
corticosteroids, one compared budesonide to azathioprine (an immunosuppressive drug), and one compared two doses of budesonide.
Pooled analyses show that budesonide 6 mg daily was no more effective than placebo for maintenance of remission at 3 months (6 studies,
540 patients), 6 months (5 studies, 420 patients) or 12 months (5 studies, 420 patients). A pooled analysis showed that budesonide 3 mg
daily was more effective than placebo for maintaining remission at 3 months (4 studies, 163 patients). However, there was no difference
in continued remission rates between budesonide 3 mg/day and placebo at 6 months (3 studies, 180 patients) or 12 months (5 studies,
442 patients). The overall quality of the evidence from the studies comparing budesonide to placebo was rated as moderate due to lack of
precision of the results. One study (90 patients) found no difference in continued remission rates at 12 months between budesonide and
prednisolone. The overall quality of the evidence from this study was rated as low due to lack of precision of results and low methodological
quality. One study (77 patients) found no difference in continued remission rates at 12 months between budesonide and azathioprine.The
overall quality of the evidence from this study was rated as very low due to lack of precision of results and low methodological quality.
One study (57 patients) found that budesonide (6 mg/day) was better than mesalamine for continued remission at 12 months. The overall
quality of the evidence from this study was rated as very low due to lack of precision of results and low methodological quality. No
differences in effectiveness were found for different doses or formulations of budesonide. The use of budesonide 6 mg/day resulted in
slight improvements in Crohn's disease activity index (CDAI) scores when assessed at 6 months (5 studies, 420 patients) and 12 months

Budesonide for maintenance of remission in Crohn's disease (Review) 2
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(5 studies, 420 patients) and mean time to relapse of disease (4 studies, 171 patients). Mean time to relapse was significantly shorter
for patients receiving budesonide than for those receiving azathioprine. Side effects were not more common in patients treated with
budesonide compared to placebo. These side effects were relatively minor and did not result in increased rates of study withdrawal.
Commonly reported treatment-related side effects included acne, round face, body hair growth, mood swings, insomnia, weight gain,
stretch marks, and hair loss. Abnormal adrenocorticoid stimulation tests were seen more frequently in patients receiving both budesonide
6 mg daily and 3 mg daily compared to placebo. The results of this review suggest budesonide is not effective for maintenance of remission
in Crohn's disease, particularly when used beyond three months following induction of remission. Budesonide does have minor benefits
in terms of lower CDAI scores and longer time to relapse of disease. However, these benefits are offset by higher treatment-related side
effect rates and more frequent adrenocorticoid suppression in patients receiving budesonide.

Budesonide for maintenance of remission in Crohn's disease (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Budesonide 6 mg versus placebo for maintenance of remission in Crohn's disease

Budesonide 6 mg versus placebo for maintenance of remission in Crohn's disease

Patient or population: patients with quiescent Crohn's disease
Settings: outpatients
Intervention: budesonide 6 mg versus placebo

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Budesonide 6 mg versus placebo
Continued remission 522 per 1000! 652 per 1000 RR1.25 540 llcte)
at 3 months (522 to 825) (1.00 to 1.58) (6 studies) Low23
Continued remission 524 per 10001 603 per 1000 RR1.15 420 SODO
at 6 months (498 to 728) (0.95to0 1.39) (5 studies) Moderate4
Continued remission 476 per 10001 538 per 1000 RR1.13 420 Glele)
at 12 months (447 to 643) (0.94 t0 1.35) (5 studies) Moderate5

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Control group risk estimates come from control arm of meta-analysis, based on included trials.
2 Unexplained heterogeneity (12 = 56%).

3 Sparse data (315 events).

4 Sparse data (238 events).

5 Sparse data (215 events).
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Summary of findings 2. Budesonide 3 mg versus placebo for maintenance of remission in Crohn's disease

Budesonide 3 mg versus placebo for maintenance of remission in Crohn's disease

Patient or population: patients with quiescent Crohn's disease

Settings: outpatients

Intervention: budesonide 3 mg versus placebo
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Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Partici- Quality of the Comments
(95% CI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Budesonide 3 mg versus placebo
Continued remission 438 per 1000! 565 per 1000 RR1.29 263 SODO
at 3 months (442to 714) (1.01to 1.63) (4 studies) Moderate2
Continued remission 444 per 1000! 497 per 1000 RR1.12 180 SO0
at 6 months (368 to 670) (0.83 to 1.51) (3 studies) Moderate3
Continued remission 400 per 10001 432 per 1000 RR1.08 442 ©B00
at 12 months (348 to 536) (0.87 to 1.34) (5 studies) Moderate4

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Control group risk estimates come from control arm of meta-analysis, based on included trials.
2 Sparse data (133 events).

3 Sparse data (84 events).

4 Sparse data (182 events).

Summary of findings 3. Budesonide 6 mg versus budesonide 3 mg for maintenance of remission in Crohn's disease

Budesonide 6 mg versus budesonide 3 mg for maintenance of remission in Crohn's disease
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Patient or population: patients with quiescent Crohn's disease

Settings: outpatients

Intervention: budesonide 6 mg versus budesonide 3 mg
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Outcomes Illustrative comparative risks* (95% ClI) Relative effect No of Partici- Quality of the Comments
(95% CI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Budesonide 6 mg versus budesonide
3mg
Continued remission 589 per 10001 630 per 1000 RR1.07 180 OOOO
at 3 months (501 to 789) (0.85t0 1.34) (3 studies) Moderate2
Continued remission 489 per 10001 548 per 1000 RR1.12 180 OODO
at 6 months (416 to 719) (0.85t0 1.47) (3 studies) Moderate3
Continued remission 389 per 1000! 459 per 1000 RR1.18 180 SODO
at 12 months (331to 642) (0.85t0 1.65) (3 studies) Moderate?

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Control group risk estimates come from control arm of meta-analysis, based on included trials.
2 Sparse data (109 events).

3 Sparse data (94 events).

4 Sparse data (77 events).

Summary of findings 4. Budesonide 9 mg versus budesonide 6 mg for maintenance of remission in Crohn's disease

Budesonide 9 mg versus budesonide 6 mg for maintenance of remission in Crohn's disease

Patient or population: patients with quiescent Crohn's disease
Settings: outpatients
Intervention: budesonide 9 mg versus budesonide 6 mg
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Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Partici- Quality of the evi- Comments
(95% ClI) pants dence
Assumed risk Corresponding risk (studies) (GRADE)
Control Budesonide 9 mg versus budesonide 6 mg
Continued re- 763 per 10001 816 per 1000 RR1.07 157 SO0
mission at 12 (694 to 961) (0.91to 1.26) (1 study) Moderate2

months

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Control group risk estimates come from control arm of meta-analysis, based on included trials.

2 Sparse data (124 events).

Summary of findings 5. Budesonide 9 mg versus prednisolone 40 mg for maintenance of remission in Crohn's disease

Budesonide 9 mg versus prednisolone 40 mg for maintenance of remission in Crohn's disease

Patient or population: patients with quiescent Crohn's disease

Settings: outpatients

Intervention: budesonide 9 mg versus prednisolone 40 mg

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Partici- Quality of the Comments
(95% CI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Budesonide 9 mg versus prednisolone 40 mg
Continued re- 636 per 10001 502 per 1000 RR0.79 90 BP0
mission at 12 (350 to 719) (0.55t01.13) (1 study) Low2.3

months
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Control group risk estimates come from control arm of meta-analysis, based on included trials.
2 Sparse data (51 events).
3 High risk of bias due to lack of blinding.

Summary of findings 6. Budesonide 6 mg versus mesalamine 3 g for maintenance of remission in Crohn's disease

Budesonide 6 mg versus mesalamine 3 g for maintenance of remission in Crohn's disease

Patient or population: patients with quiescent Crohn's disease
Settings: outpatients
Intervention: budesonide 9 mg versus mesalamine3 g

Outcomes Illustrative comparative risks* (95% ClI) Relative effect No of Partici- Quality of the evi- Comments
(95% ClI) pants dence
Assumed risk Corresponding risk (studies) (GRADE)
Control Budesonide 6 mg versus mesalamine3 g
Continued re- 179 per 10001 449 per 1000 RR2.51 57 HOOO
mission at 12 (184 to 1096) (1.03t06.12) (1 study) Very low2,3
months

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
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1 Control group risk estimates come from control arm of meta-analysis, based on included trials.
2 Very sparse data (18 events).
3 High risk of bias due to lack of blinding.

Summary of findings 7. Budesonide 6-9 mg versus azathioprine 2-2.5 mg/kg for maintenance of remission in Crohn's disease

Budesonide 6-9 mg versus azathioprine 2-2.5 mg/kg for maintenance of remission in Crohn's disease

Patient or population: patients with quiescent Crohn's disease
Settings: outpatients
Intervention: budesonide 6-9 mg versus azathioprine 2-2.5 mg/kg

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Partici- Quality of the evi- Comments
(95% Cl) pants dence
Assumed risk Corresponding risk (studies) (GRADE)
Control Budesonide 6-9 mg versus azathioprine
2-2.5 mg/kg

Continuedre- 789 per 1000! 639 per 1000 RR0.81 77 G000
mission at 12 (481 to 852) (0.61t0 1.08) (1 study) Very low2,3
months

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: risk ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

1 Control group risk estimates come from control arm of meta-analysis, based on included trials.
2 Sparse data (55 events).
3 High risk of bias due to lack of single-blind design and lack of allocation concealment.
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BACKGROUND

Crohn's disease (CD) is characterized by chronic transmural
inflammation of the gastrointestinal tract (Bousvaros 2007),
characterized by symptoms of abdominal pain, diarrhea, and
fatigue. Disease activity ranges from chronic clinical activity
to a series of relapses and remissions. CD is currently
thought to be caused by a cascade of immunologic reactions
triggered by environmental factors in a genetically predisposed
host. Corticosteroids are a mainstay of treatment for acute
flares of CD in adults (Baumgart 2007), and children (Hyams
2005). Corticosteroids down-regulate production of inflammatory
cytokines such as interleukin (IL)-1, IL-6, and tumour necrosis
factor (TNF)-alpha by inhibiting transcription of specific genes
involved in their production (Hyams 2000). Corticosteroids also
inhibit protein synthesis by affecting the stability of messenger RNA
(Barnes 1993). The interaction between corticosteroid receptors
and NF-kB results in down regulation of NF-kB and therefore a
blunting of inflammatory response (Yang 2002). Unfortunately,
systemic corticosteroids are associated with adverse effects such
as moon facies, acne, infection (increased risk of abdominal
and pelvic abscess in CD patients), ecchymoses, hypertension,
diabetes mellitus, osteoporosis, cataracts, glaucoma, and growth
failure in children (Baumgart 2007). Additionally, use of systemic
corticosteroids has been independently associated with mortality
in patients with IBD (Lewis 2008).

Budesonide is a glucocorticoid with anti-inflammatory effects
and limited systemic bioavailability due to extensive (90%) first-
pass hepatic metabolism by cytochrome p-450 enzymes. These
properties theoretically limit systemic adverse effects. Budesonide
is commercially available in two forms: an oral controlled ileal
release (CIR) preparation designed to deliver the drug to the distal
small intestine (Entocort®, Astra Zeneca, London, UK; Entocir®,
Sofar S.p.A, Trezzano Rosa, Italy; Budecol®, AstraZeneca A&D, Lund,
Sweden) and a pH-dependent release formulation (Budenofalk®
or Budeson®, Dr Falk Pharma, Freiburg, Germany). The controlled-
ileal release medication is in the form of a gelatin capsule
containing acid-stable microgranules composed of an inner sugar
core surrounded by a layer of budesonide in ethylcellulose and an
outer acrylic-based resin coating (Eudragit L 100-55) that dissolves
at a pH higher than 5.5. The pH-dependent release formulation is
available as a capsule containing 400 pellets of budesonide coated
with Eudragit resistant to a pH of less than six (Fedorak 2005).

Budesonide has been shown to be effective with minimal adverse
events when used to induce clinical remission in active CD
affecting the distal ileum and right colon (Seow 2008). However,
previous meta-analyses conducted for the Cochrane Collaboration
found that budesonide was not effective for maintaining clinical
remission in patients with CD and did not increase the risk of
adverse events (Benchimol2009). The goal of this systematic review
and meta-analysis was to update the evidence with regard to the
safety and efficacy of budesonide for maintenance of remission in
CD based on the results of all published clinical trials, including
recently conducted studies. This systematic review is an update of
previously published Cochrane reviews (Benchimol 2009; Simms
2001).

OBJECTIVES

The primary objective was to assess the efficacy and safety of
budesonide therapy for maintenance of remission in CD.

METHODS

Criteria for considering studies for this review
Types of studies

Randomized controlled trials (RCTs) published in any language,
were included. Studies published in abstract form only were
included if enough data were provided in print or from the study
authors to assess the outcome.

Types of participants

Participants included patients of any age (adults or children) with
CD defined by conventional clinical, radiological and endoscopic
criteria, which was categorized as being in remission, as defined by
a Crohn's Disease Activity Index (CDAI) <150 (Best 1976) or Pediatric
Crohn's Disease Activity Index (PCDAI) <15 (Hyams 1991), or a
validated severity index indicating quiescent disease (e.g. Harvey-
Bradshaw Index (Harvey 1980), Van Hees Index (van Hees 1980)).

Types of interventions

RCTs of oral budesonide therapy (CIR or pH-dependent release
formulations) compared to placebo, active comparators or
different doses of budesonide were considered for inclusion.
Co-interventions were permitted provided they were balanced
between treatment and control groups.

Types of outcome measures

The primary outcome measure was the number of patients
maintaining remission following initiation of maintenance therapy.
Where remission rates were not reported or available from study
authors, remission rates were defined as the opposite proportion
(1-relapse rate, or 100% - relapse rate percentage).

Secondary outcomes included:

« changein mean CDAI;
« mean time to relapse;

« adverse events, including:
o treatment-related adverse events

o abnormal ACTH test);
o withdrawal due to adverse events; or
o withdrawal due to treatment failure; and,

« change in quality of life scores (as defined by scores on either
the IBD Questionnaire (IBDQ) or the IMPACT questionnaire for
pediatrics).

Search methods for identification of studies

The same comprehensive search used in previous versions of this
review was updated for this review (Simms 2001; Benchimol 2009).
A detailed outline of the search strategy is provided in Appendix 1.
We searched the following databases from inception to June 2014:
PubMed, MEDLINE, EMBASE and the Cochrane Central Register
of Controlled Trials (June 2014). The Cochrane Inflammatroy
Bowel Disease and Functional Bowel Disorders (IBD/FBD) Group
Specialised Trials Register and conference proceedings from
major gastroenterology meetings (e.g. American Gastroenterology
Association, British Society of Gastroenterology, United European
Gastroenterology Week, Digestive Disease Week) were searched
manually from 2009 onwards. Ongoing and unpublished trials
were identified using ClinicalTrials.gov. We searched the reference
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lists of trials and review articles to identify additional studies.
Relevant pharmaceutical companies were also contacted for
further information.

Data collection and analysis

Selection of studies

Abstracts of all articles identified using the above search strategy
were screened for eligibility. Studies were included in the full-text
review if they were potentially eligible for inclusion or if they were
relevant review articles, for manual reference search. The retrieved
full text articles were then independently reviewed by MEK and AR
for eligibility.

Data extraction and management

Two authors (MEK and AR) independently completed a data
extraction form for each eligible study. The following data were
retrieved:

1. General information:
unpublished.

2. Study information: design (e.g. who was blinded), years of
enrolment, crossover or not, methods used to ensure adequacy
of randomization, allocation concealment and blinding, power
calculation (a priori and post hoc).

3. Intervention: formulation and dose of budesonide, type of
comparison group, co-intervention.

4. Eligibility: inclusion/exclusion criteria, total number screened
and randomized.

5. Baseline characteristics (in each group): age, sex, race, disease
severity (and how evaluated), concurrent medications used,
disease location, prior surgery, time since last surgery, CDAI/
PCDAI, length of symptoms prior to randomization.

6. Follow-up: length of follow-up, assessment of compliance,
withdrawals and loss to follow-up.

7. Outcome: Remission rates at 3, 6 and 12 months following
initiation of treatment or placebo, mean CDAI scores at each
time point, adverse event details, IBQ quality of life score,
proportion with abnormal ACTH stimulation test.

title, journal, year, published or

Assessment of methodological quality of included studies

The Cochrane risk of bias tool was utilized to assess the
quality of included studies (Higgins 2011). The assessment of
study quality included the methods used for randomization
and allocation concealment (both measures of selection bias);
blinding (performance and detection biases); incomplete outcome
data (attrition bias); and selective reporting of study outcomes
(reporting bias). Each potential source of bias was scored as low risk
of bias (high quality) or high risk of bias (low quality). If a criterion
could not be evaluated, that characteristic was considered to have
an unclear risk of bias. The quality of included studies was assessed
independently by two reviewers (MEK and AR). Disagreeements
were settled by consensus. Any study with at least one aspect of
study quality determined to be at high risk of bias was excluded
from the analysis in a sensitivity analysis.

The overall quality of evidence was assessed using the GRADE
approach (Guyatt 2008; Schiinemann 2011). The GRADE approach
appraises the overall quality of a body of evidence based on the
extent to which one can be confident that an estimate of effect
reflects the item being assessed. Randomised trials start as high
quality evidence, but may be downgraded due to: risk of bias

(methodological quality), indirectness of evidence, unexplained
heterogeneity, imprecision (sparse data) and publication bias. The
overall quality of the evidence for each outcome was determined
after considering each of these factors and graded as:

« High: further research is very unlikely to change confidence in
the estimate of effect;

Moderate: further research is likely to have an important impact
on confidence in the estimate of effect and may change the
estimate;

o Low: further research is very likely to have an important impact
on confidence in the estimate of effect and is likely to change the
estimate; and

« Very low: any estimate of effect is very uncertain.

STATISTICAL ANALYSIS

Data were analyzed using Review Manager (RevMan 5.3,
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014).

Measures of treatment effect

For dichotomous outcomes we calculated the risk ratio and
corresponding 95% confidence interval (95% CI). When relapse
rates were reported in the study, the proportion of patients in
remission was defined as those who did not relapse and did
not withdraw from the study (i.e., intention-to-treat analysis). We
calculated the mean difference and corresponding 95% CI for
continuous outcomes (e.g. change in CDAl and mean time to
relapse). The analysis of studies using placebo or other control
interventions was conducted separately.

Meta-analysis

Data from individual studies were pooled for meta-analysis if
the interventions, patient groups and outcomes were sufficiently
similar (determined by consensus). Random-effects models were
used to combine data to allow for expected clinical and statistical
heterogeneity across studies (DerSimonian 1986).

Subgroup analysis

The following a priori subgroup analyses were attempted,
governed by the number of identified studies: dose of budesonide
used (in milligrams (mg)), pediatric versus adult patients (not done
due to absence of pediatric studies), different formulations of
budesonide (e.g., CIR versus pH-modified form), disease location
(not done due to the majority of studies including patients with
disease limited to the ileum or ileocecal regions), and the method
used to induce remission (e.g., medical versus surgical treatment).
Subgroups were chosen based on the possibility that differing
doses or formulations and disease location may impact on success
of treatment success.

Assessment of Heterogeneity

Heterogeneity was assessed by calculating the 12 measure,
interpreted as low heterogeneity (25%), moderate heterogeneity
(50%) and high heterogeneity (75%) (Higgins 2003). Cochran's Chi?2
test for homogeneity (Q test) was also calculated with P<0.10 being
considered statistically significant.

Sensitivity analysis

In order to assess the robustness of the eligibility criteria, a
sensitivity analysis was planned to exclude poor quality studies
(as defined by "high risk" in at least one quality criterion), studies
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published in abstract form only, studies not reporting methods to
assess compliance and small studies (< 50 patients).

RESULTS

Description of studies

The literature search conducted on 12 June 2014 identified
2732 records. After duplicates were removed, a total of 2167
studies remained for review of titles and abstracts. Two authors
(MEK and AR) independently reviewed the titles and abstracts
of these trials and 20 studies were selected for full text review

(see Figure 1). Eight studies were excluded (See:Characteristics
of excluded studies). Twelve studies (n = 1273 patients) met
the pre-defined inclusion criteria and were included in the
review (See Characteristics of included studies). These studies
evaluated budesonide for maintenance of remission in patients
with quiescent CD. Nine studies used CIR budesonide (Cortot
2001; Ferguson 1998; Greenberg 1996; Hanauer 2005; Hellers 1999;
Lofberg 1996; Mantzaris 2003; Mantzaris 2009; Schoon 2005) and
three studies used a pH-dependent formulation (de Jong 2007; Ewe
1999; Gross 1998). The included studies are described below in
chronological order of publication.

Budesonide for maintenance of remission in Crohn's disease (Review)
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Figure 1. Study flow diagram.
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This RCT was conducted at 32 centres in Canada from January
1992 to February 1994 (N = 105). It was designed as a parallel
arm trial with three arms, CIR budesonide 6 mg compared with 3
mg and placebo. Induction of remission was accomplished with
budesonide 15 mg, 9 mg, 3 mg or placebo as part of a previously
published clinical trial. Twenty-seven per cent of patients enrolled
in this study had received 9 mg of budesonide on an open label
basis following withdrawal from the acute trial due to treatment
failure. Patients with quiescent disease (CDAI < 150) restricted to
the ileum and proximal colon were randomized to receive either
budesonide 6 mg once daily (n = 36), budesonide 3 mg once daily
(n =33) or placebo (n = 36) and followed for 52 weeks. Outcomes
assessed included remission rates (obtained from study sponsor),
relapse rates, time to relapse (obtained from study sponsor),
quality of life scores using IBDQ, change in serum C-reactive protein
and ACTH stimulation test.

Lofberg 1996

This RCT was performed in multiple Swedish centres and five other
European countries and compared CIR budesonide 6 mg with 3 mg
and placebo (N = 90). Induction of remission was accomplished
with a ten-week course of either budesonide or prednisolone as
part of a clinical trial. Patients with quiescent disease (CDAI < 150)
restricted to the ileum or ileocecal region were randomized to
receive budesonide 6 mgonce daily (n =32), budesonide 3 mg once
daily (n=31), or placebo (n=27) for 12 months. Outcomes assessed
included remission rates (obtained from study sponsor), relapse
rates, time to relapse, adverse events and ACTH stimulation test.

Ferguson 1998

With 20 centres involved, this study was performed in seven
European countries and Australia (N = 75). Remission was induced
using a 12-week course of budesonide in a clinical trial. Patients
were included if their disease was in remission (CDAI < 150) and
limited to the ileum, ileocecal region, or ascending colon. Seventy-
five patients were randomized to receive either CIR budesonide 3
mg twice daily (n = 22), CIR budesonide 3 mg once daily (n = 26),
or placebo (n = 27) for 12 months. Outcomes assessed included
remission rates (obtained from study sponsor), disease relapse
rates, time to relapse, adverse events, baseline plasma cortisol and
ACTH stimulation test.

Gross 1998

This multicenter German trial evaluated the efficacy of a pH-
dependent release formulation of budesonide designed to release
at a pH greater than 6.4 (N = 179). Patients were screened for
this RCT when they had active disease (CDAI > 200) and placed
on the identical regimen of systemic corticosteroids used in the
European Cooperative Crohn's Disease Study (ECCDS, Malchow
1984), consisting of oral 6-methylprednisolone at a dose of 48 mg/
day for one week and then reduced to 32 mg, 24 mg, 20 mg, 16 mg
and 12 mg on a weekly basis. In order to enter the maintenance
study, patients were required to be in remission (CDAI < 150) and
to have required only 5 to 10 mg of prednisolone for the preceding
eight weeks. Patients were randomized to receive budesonide 1
mg three times daily (n = 84), or placebo (n = 95) for 12 months.
Outcomes included relapse rates, time to relapse and adverse
events.

Ewe 1999

This multicenter German study involving three university-
based hospitals assessed a pH-dependent release formulation
of budesonide, comparing 3 mg/day to placebo. Patients were

enrolled following remission induced by surgical resection of ileal,
ileocolonic or colonic disease. The location of the anastomotic
site was required to be accessible by colonoscope, and no disease
could be grossly visible at the resection margins. A total of 83
patients were randomized. The most common indications for
surgery included: ileus, chronic obstruction, stenosis or stricture
(n = 71), fistula, abscess or abdominal mass (n = 41), and failure
of medical management (n = 25). Patients were randomized to
receive either budesonide 1 mgthree times daily (n=43), or placebo
(n = 40) for 12 months. The primary outcome was recurrence of
CD based on endoscopic findings (Rutgeerts 1990). In cases where
colonoscopy was refused, recurrence was defined as an increase
in CDAI from 60 up to 200 from the first follow-up or a CDAI > 200
and signs or symptoms characteristic of active Crohn's disease.
Secondary outcomes included histology scores, change in CDAI,
global judgement of well-being and time to recurrence.

Hellers 1999

Patients who underwent ileocolonic resection in 13 European
centres were included in this study (N = 130). Screening and
consent were obtained prior to surgery and complete resection
of ileocolonic disease was verified with intraoperative endoscopy
or eversion of the neoterminal ileum with direct visualization of
the margins. Biopsy specimens were also obtained to confirm
absence of disease. The reason for surgical resection was not
detailed in the publication. Patients were randomized to CIR
budesonide 6 mg daily (n = 63), or placebo (n = 67) for 52
weeks. Outcomes included remission rates (obtained from study
sponsor), endoscopic recurrence (Rutgeerts 1990), CDAI score,
adverse events and ACTH stimulation test.

Cortot 2001

This study examined the utility of CIR budesonide to maintain

clinical remission in corticosteroid-dependent CD patients (N
= 120). It was performed in 24 centres across Europe, Israel,
and South Africa. All enrolled patients received prednisolone or
prednisone 10 to 30 mg/day for at least six months prior to study
entry with at least two attempts to taper the dose with resulting
relapsed disease. Patients had inactive CD at entry (CDAI < 200).
Concomitant immune suppression with azathioprine was initially
an exclusion criteria, however this was revised midway during the
study to facilitate enrolment. Patients were permitted to enrol if
they received azathioprine for a minimum of six months or 5-
aminosalicylates for a minimum of one month prior to entry to
ensure an adequate trial of these medications and allow for further
steroid weaning. Patients were randomized to CIR budesonide 6 mg
once daily (n =60), or placebo (n =60) for 16 to 22 weeks. Length of
treatment depended on corticosteroid dose at entry. Prednisolone
was tapered by 5 mg per week until 20 mg and thereafter by
2.5 mg per week until the dose was zero. Patients were assessed
every four weeks while on prednisolone and then at six and 12
weeks following discontinuation. The primary outcome was rate
of relapse (defined as CDAI > 200 with an increase of at least 60
points from baseline). Secondary outcomes included changes in
CDAI, time to relapse, quality of life (IBDQ), and adverse events.

Hanauer 2005

This American RCT compared CIR budesonide to placebo in
patients in clinical remission (CDAI < 150) with disease restricted to
the distal ileum or proximal colon (N = 110). Induction of remission
was achieved using an eight week course of budesonide 9 mg/
day as part of a clinical trial. Patients were randomized to CIR
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budesonide 6 mg once daily (n = 55), or placebo (n = 55) for 52
weeks. Outcomes included remission rates (obtained from study
sponsor), disease relapse, time to relapse, adverse eventsand ACTH
stimulation test.

STUDIES COMPARING BUDESONIDE TO 5-AMINOSALICYLATES

Mantzaris 2003

This investigator-blinded study was conducted in a single-centre
in Greece (N = 57). Patients in clinical remission (CDAI < 150)
were included if they were steroid-dependent, defined as having
received at least two courses of oral or intravenous corticosteroids
in the 12 months prior to enrolment with a relapse of disease prior
to discontinuation. Patients' disease was localised to the ileum,
ileocolonic region or proximal colon. Remission was achieved using
systemic corticosteroids with a minimum dose of 1 mg/kg for at
least 4 months prior to study entry followed by a tapering of 5
mg/week to the lowest dose that effectively maintained remission.
Patients were randomized to CIR budesonide 6 mg daily (n = 29)
or pH-dependent release mesalamine (Salofalk) 1 gram three times
daily (3 grams/day) for 1 year (n = 28). Outcomes included disease
relapse, time to relapse, quality of life assessment using IBDQ, and
adverse events.

STUDIES COMPARING
CORTICOSTEROIDS

BUDESONIDE TO TRADITIONAL

Schoon 2005

This RCT was performed in 34 centres in 8 European countries
and Israel (N = 90) and evaluated the efficacy of CIR budesonide
at maintaining remission compared with low-dose systemic
corticosteroids (prednisolone). Two categories of patients were
included in this study: corticosteroid-free patients with mild to
severe active CD (CDAI = 150) who had not received steroids during
the 6 months prior to enrolment; and corticosteroid-dependent
patients with disease in remission (CDAI < 200) while receiving
traditional corticosteroids. Only the latter group was evaluated for
this review. It is noteworthy that the full journal article referenced
here evaluates the bone mineral density of patients in the two
intervention groups (Schoon 2005). Efficacy outcomes for the
steroid-dependent group in clinical remission are detailed in a
published abstract (Stockbrugger 2003). Additional information
was obtained from the study authors. Subjects were randomized
to continued prednisolone therapy (7 to 20 mg/day) as per a
predefined regimen (n = 44) or CIR budesonide 9 mg/day for 24
months with tapering of corticosteroid dose by 5 mg/week (n =
46). Patients and physicians were not blinded to the intervention.
Outcomes included continued remission rates, quality of life
assessment using IBDQ, adverse events, ACTH stimulation test and
bone mineral density using dual energy x-ray absorptiometry (DXA).

STUDIES COMPARING BUDESONIDE TO AZATHIOPRINE

Mantzaris 2009

This study was conducted in Greece between January 1998 and
November 2001 (N = 77). Patients receiving 6 to 9 mg of CIR
budesonide (n = 39) were compared to patients receiving 2.0 to
2.5 mg azathioprine (n = 38) for one year with the option of
entering a six month study extension. Dose of budesonide was
based on the dose of prednisolone required to maintain remission
(CDAI < 150) prior to beginning the study. Patients were steroid-
dependent at study onset, as defined by at least one flare in the
last 6 to 12 months, followed by disease recurrence in response
to tapering or withdrawal of steroids. Of note, patients were not
aware that the study was a randomized controlled trial (separate
consent forms were used for each trial arm) and were therefore not
blinded to study treatment. Outcome measures included mucosal
improvement based on the Crohn's Disease Endoscopic Index
of Severity (CDEIS; Mary 1989); histologic improvement (D'Haens
Score; D'Haens 1998); rates of continued clinical remission (no
definition of remission is provided); withdrawals due to disease
worsening and adverse events; time to treatment discontinuation;
and laboratory parameters (C-reactive protein and erythrocyte
sedimentation rate).

STUDIES COMPARING TWO DOSES OF BUDESONIDE

de Jong 2007

Conducted in 32 centres in Germany and the Netherlands, this RCT
compared two doses of pH-modified release budesonide (N = 157).
Patients were included if their disease was in remission for at least
3 months (defined by a CDAI < 150), and was confined to the ileum
or colon, except rectal and perianal involvement. All methods of
induction of remission were permitted with the exception of small
bowel resection > 80 cm within 6 months of enrolment. Patients
were randomized to budesonide three capsules of 3 mg once daily
(total 9 mg/day; n = 81) or budesonide two capsules of 3 mg plus
one placebo capsule once daily (total 6 mg/day; n = 76). Outcome
measures included relapse of disease, time to relapse and adverse
events.

Risk of bias in included studies

The results of the risk of bias analysis are summarized in Figure
2. Three studies were identified as being at a high risk of bias due
to inadequate blinding (Mantzaris 2003; Mantzaris 2009; Schoon
2005). Trial participants were not blinded in two trials, increasing
the risk of performance bias (Mantzaris 2003; Mantzaris 2009);
the outcome assessors were not blinded in the third (Schoon
2005), increasing the risk of detection bias. Each of these three
studies compared budesonide to a different comparator (Mantzaris
2003: mesalamine; Mantzaris 2009: azathioprine; Schoon 2005:
prednisolone). The study comparing budesonide with azathioprine
was also at high risk of selection bias due to a failure to adequately
conceal allocation (Mantzaris 2009). Since no other studies made
these comparisons, a sensitivity analysis excluding studies at high
risk of bias could not be performed.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Effects of interventions

See: Summary of findings for the main comparison Budesonide
6 mg versus placebo for maintenance of remission in Crohn's
disease; Summary of findings 2 Budesonide 3 mg versus placebo
for maintenance of remission in Crohn's disease; Summary
of findings 3 Budesonide 6 mg versus budesonide 3 mg
for maintenance of remission in Crohn's disease; Summary
of findings 4 Budesonide 9 mg versus budesonide 6 mg
for maintenance of remission in Crohn's disease; Summary
of findings 5 Budesonide 9 mg versus prednisolone 40 mg
for maintenance of remission in Crohn's disease; Summary
of findings 6 Budesonide 6 mg versus mesalamine 3 g for
maintenance of remission in Crohn's disease; Summary of
findings 7 Budesonide 6-9 mg versus azathioprine 2-2.5 mg/kg for
maintenance of remission in Crohn's disease

Summary of comparisons:
A) MEASURES OF EFFICACY

« Outcome 01: Maintenance of clinical remission

« Outcome 02: Change in CDAI from baseline values

« Outcome 03: Mean time to relapse of disease

o Outcome 04: Study withdrawals due to treatment failure

B) MEASURES OF SAFETY AND ADVERSE EVENTS

o Outcome 05: Proportion of patients with treatment-related
adverse events at 12 months

« Outcome 06: Study withdrawals due to adverse events

« Outcome 07: Proportion of patients with abnormal ACTH
stimulation test

C) OTHER OUTCOMES
« Quality of life (IBDQ)

A. MEASURES OF EFFICACY

1) Maintenance of clinical remission (CDAI = 150 unless
otherwise specified)

A) Budesonide 6 mg versus placebo (Analysis 1.1)

All studies included in this comparison used CIR budesonide
compared with placebo. Cortot 2001 was the only study that
compared budesonide 6 mg to placebo among steroid-dependent
patients and was the only study to demonstrate a statistically
significant benefit of budesonide for maintenance of remission at
three months follow-up (RR 1.90, 95% CI 1.29 to 2.81). None of the
pooled analyses showed any statistically significant differences in
continued remission rates between budesonide 6 mg and placebo
indicating that budesonide 6 mg per day is not effective for
maintenance of clinical remission in CD in the long term. At three
months 64% of budesonide 6 mg patients remained in remission
compared to 52% of placebo patients. The pooled risk ratio of
continued remission using budesonide was 1.25 (95% CI 1.00
to 1.58; 6 studies, 540 patients) at 3 months. A GRADE analysis
indicated that the overall quality of the evidence for this outcome
(maintenance of clinical remission at 3 months) was low due to
moderate heterogeneity (12 =56%) and sparse data (315 events, see
Summary of findings for the main comparison). At six months 61%
of budesonide 6 mg patients remained in remission compared to

52% of placebo patients (RR 1.15, 95% CI 0.95 to 1.39; 5 studies,
420 patients). A GRADE analysis indicated that the overall quality
of the evidence for this outcome (maintenance of clinical remission
at 6 months) was moderate due to sparse data (238 events, see
Summary of findings for the main comparison). At 12 months 55%
of budesonide 6 mg patients remained in remission compared to
48% of placebo patients (RR 1.13, 95% CI 0.94 to 1.35; 5 studies,
420 patients). A GRADE analysis indicated that the overall quality
of the evidence for this outcome (maintenance of clinical remission
at 6 months) was moderate due to sparse data (215 events,
see Summary of findings for the main comparison). There was
significant heterogeneity in remission rates at 3 months (12=56%; P
= 0.04), but not at 6 months (P = 0.29; 12=19%) or 12 months (P =
0.56; 12= 0%). Of note, Cortot 2001 only reported 3-month data and
its exclusion likely contributed to the lack of heterogeneity at 6 and
12 months and the lack of statistical significance at these later time
points.

Similar results were observed when trials consisting of patients
with budesonide-induced remission were included (RR 1.23, 95%
Cl 1.00 to 1.52; 4 studies, 290 patients). Removing trials of
surgically-induced and steroid-dependent patients removed all
heterogeneity across studies (P=0.75; 12= 0%). Further subgroup
analyses including all patients with medically-induced remission
(excluding patients who were induced surgically (Hellers 1999))
were performed for the 3 month and 12 month follow-ups. When
excluding trials that induced remission surgically, budesonide was
significantly better than placebo at maintaining remission at three
months (RR 1.36, 95% Cl 1.11 to 1.68; 5 studies, 410 patients)
but there was no statistically significant difference at 12 months
(RR 1.29, 95% CI 1.00 to 1.67; 4 studies, 290 patients). There was
no significant heterogeneity after excluding trials that induced
remission surgically at either 3 months (P = 0.28; 12 = 21%) or 12
months (P =0.28; 12 = 0%).

B) Budesonide 3 mg versus placebo (Analysis 2.1)

Remission rates were defined by CDAI < 150 for the CIR budesonide
studies and as absence of disease relapse for the studies using pH-
modified release budesonide. Budesonide was better than placebo
for maintaining remission when subjects were assessed at three
months. Fifty-seven per cent of budesonide patients maintained
remission at three months compared to 44% of placebo patients
(RR 1.29, 95% CI 1.01 to 1.63; 4 studies, 263 patients). A GRADE
analysis indicated that the overall quality of the evidence for
this outcome (maintenance of clinical remission at 3 months)
was moderate due to sparse data (133 events, see Summary of
findings 2). There were no statistically significant differences in
maintenance of remission at 6 months or 12 months. At 6 months,
49% of budesonide patients maintained remission compared to
44% of placebo patients (RR 1.12, 95% Cl 0.83 to 1.51; 3 studies,
180 patients). A GRADE analysis indicated that the overall quality
of the evidence for this outcome (maintenance of clinical remission
at 6 months) was moderate due to sparse data (84 events, see
Summary of findings 2). At 12 months, 42% of budesonide patients
maintained remission compared to 40% of placebo patients (RR
1.08, 95% CI 0.87 to 1.34; 5 studies, 442 patients). A GRADE analysis
indicated that the overall quality of the evidence for this outcome
(maintenance of clinical remission at 12 months) was moderate
due to sparse data (182 events, see Summary of findings 2). There
was no significant heterogeneity across trials at any time point (3
months: P = 0.87, 12 = 0%; 6 months: P = 0.80, 12 = 0%; 12 months:
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P =0.80, 12=0%). Subgroup analyses were conducted to determine
the efficacy of each budesonide formulation relative to placebo.
Neither the pH-modified formulation (RR 1.13, 95% CI 0.84 to 1.51;
2 studies, 262 patients) nor the CIR formulation (RR 1.00, 95% CI
0.70 to 1.42; 3 studies, 180 patients) were effective for maintaining
remission at 12 months of follow-up. There was no significant
heterogeneity for either the pH-modified formulation (P = 0.28; I2
= 14%) or the CIR formulation (P = 0.64; 12 = 0.0%). A subgroup
analysis including medically-induced patients was performed for
the 3 month and 12 month follow-ups. There was no statistically
significant difference between budesonide and placebo at either 3
months (RR 1.22, 95% CI 0.93 to 1.60; 3 studies, 180 patients) or 12
months (RR 0.98,95% CI 0.75 to 1.28; 4 studies, 359 patients). There
was no significant heterogeneity at either 3 months (P =0.94; 12 =
0%) or 12 months (P =0.82; 12=0%),).

C) Budesonide 6 mg versus budesonide 3 mg (Analysis 4.1)
Remission rates in patients receiving 6 mg budesonide were not
significantly different from those receiving 3 mg at 3 months, 6
months or 12 months. Fifty-six per cent of budesonide 6 mg patients
maintained remission at 3 months compared to 59% of patients in
the budesonide 3 mg group (RR 1.07; 95% CI 0.85 to 1.34; 3 studies,
180 patients). At 6 months 56% of patients in the budesonide 6 mg
group maintained remission compared to 49% of patients in the
budesonide 3 mg group (RR 1.12, 95% Cl 0.85 to 1.47; 3 studies,
180 patients). At 12 months 47% of patients in the budesonide
6 mg group maintained remission compared to 39% of patients
in the budesonide 3 mg group (RR 1.18, 95% Cl 0.85 to 1.65;
3 studies, 180 patients). There was no significant heterogeneity
across trials at any time point (3 months: P = 0.78, 12 = 0%; 6
months: P = 0.40, 12 = 0%; 12 months: P = 0.58, 12 = 0%,). GRADE
analyses indicated that the overall quality of the evidence for these
outcomes (maintenance of clinical remission at 3,6 and 12 months)
were moderate due to sparse data (109 events, 94 events and 77
events respectively, see Summary of findings 3).

D) Budesonide 9 mg versus budesonide 6 mg (Analysis 5.1)

One study (157 patients) compared parallel groups of pH-modified
release budesonide 9 mg versus 6 mg in patients who were
induced by any means except surgical resection (de Jong 2007).
Remission rates (defined here as the absence of disease relapse)
were not significantly different between groups. At 12 months, 82%
of patients in the budesonide 9 mg group maintained remission
compared to 76% of patients in the budesonide 6 mg group (RR
1.07,95% C1 0.91 to 1.26; P =0.43). A GRADE analysis indicated that
the overall quality of the evidence for this outcome (maintenance of
clinical remission at 12 months) was moderate due to sparse data
(124 events, see Summary of findings 4).

E) Budesonide 9 mg versus traditional corticosteroids (Analysis 6.1)

One study (90 patients) compared CIR budesonide 9 mg to

prednisolone 40 mg/day with a weaning schedule (Schoon 2005).
Remission rates (defined by CDAI < 200) were not significantly
different at 3 months, 6 months or 12 months. Fifty-nine per
cent of patients in the budesonide group maintained remission
at 3 months compared to 73% of prednisolone patients (RR 0.81,
95 Cl 0.60 to 1.09). At 6 months, 52% of budesonide patients
maintained remission compared to 66% of prednisolone patients
(RR 0.79, 95% Cl 0.56 to 1.12). At 12 months, 50% of budesonide
patients maintained remission compared to 64% of prednisolone
patients (RR 0.79, 95% CI 0.55 to 1.13). A GRADE analysis indicated
that the overall quality of the evidence supporting this outcome

(maintenance of clinical remission at 12 months) was low due to
sparse data (51 events) and high risk of bias (lack of blinding, see
Summary of findings 5).

F) Budesonide 6 mg versus mesalamine 3 g (Analysis 7.1)

One study (57 patients) compared budesonide to pH-dependent
release mesalamine in patients with steroid-dependent CD
(Mantzaris 2003). Remission rates after one year of treatment
(defined as the absence of disease relapse) were significantly higher
in the budesonide group compared with mesalamine. Forty-five
per cent (13/29) of budesonide patients maintained remission at 12
months compared to 18% (5/28) of mesalamine patients (RR 2.51,
95% Cl 1.03 to 6.12). A GRADE analysis indicated that the overall
quality of the evidence supporting this outcome (maintenance of
clinical remission at 12 months) was very low due to very sparse
data (18 events) and high risk of bias (no blinding, see Summary of
findings 6).

G) Budesonide 6 to 9 mg versus azathioprine 2.0 to 2.5 mg/kg
(Analysis 8.1)

One study (77 patients) compared CIR budesonide to azathioprine
in patients with steroid-dependent CD (Mantzaris 2009). At 12
months, remission rates were not significantly different in the
two treatment arms. Sixty-four per cent of budesonide patients
maintained remission compared to 79% of azathioprine patients
(RR 0.81, 95% CI 0.61 to 1.08). A GRADE analysis indicated that
the overall quality of the evidence supporting this outcome
(maintenance of clinical remission at 12 months) was very low due
to sparse data (55 events) and high risk of bias (single-blind design
and lack of allocation concealment, see Summary of findings 7).

2) Change in CDAI from baseline values

A) Budesonide 6 mg versus placebo (Analysis 1.2)

Budesonide provided a modest benefit over placebo (as defined

by a lower CDAI score) after 6 months (MD -24.30, 95% CI -46.31
to -2.29) and 12 months (MD -23.49, 95% Cl -46.65 to -0.32). The
change in CDAI scores was not significantly different after 3 months
(MD -15.06, 95% Cl -46.31 to 5.93; P = 0.16). Hellers 1999 enrolled
patients with surgically induced remission and CDAI was assessed
after 6 weeks of treatment or placebo. As such, changes in CDAI
score were more modest in this study, and this may have accounted
for the mild statistical heterogeneity noted at all three time points
(3 months: P = 0.11, 12 = 46%; 6 months: P = 0.10, 12 = 48%;
12 months: P = 0.14, 12 = 43%). A subgroup analysis including
medically-induced patients resulted in the elimination of statistical
heterogeneity (3 months: P = 0.59, 12 = 0%; 6 months: P =0.82, 12 =
0%; 12 months: P =0.40, I2=0%) and a slight benefit in terms of the
changein CDAl score at 3months (MD -25.27,95% Cl -43.61 to -6.94),
6 months (MD -36.56, 95% Cl -55.50 to -17.62), and 12 months (MD
-34.76, 95% Cl -55.42 to -14.10).

B) Budesonide 3 mg versus placebo (Analysis 2.2)

The pooled analysis showed no significant benefit for change in
CDAI score at 3 months (MD-0.27, 95% Cl -15.19 to 14.66), 6 months
(MD -4.70, 95% CI -17.99 to 8.60), or 12 months (MD 17.66, 95%
Cl -3.07 to 38.39). There was no heterogeneity across studies at 3
months (P =0.52; 12=0.0%) or 6 months (P =0.59; 12=0.0%) and low
heterogeneity at 12 months (P =0.28; 12 = 22%).

C) Budesonide 6 mg versus budesonide 3 mg (Analysis 4.2)
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The pooled analysis comparing 6 mg to 3 mg of CIR budesonide
did not show any statistically significant difference in CDAI scores
at 3 months (MD -15.11, 95% Cl -41.10 to 10.88) or 12 months (MD
-26.42, 95% CI -69.55 to 16.70). There was a slight benefit to 6 mg
compared with 3 mg when CDAI score was assessed after 6 months
of treatment (MD -27.44, 95% Cl -52.09 to -2.79). There was no
significant heterogeneity across trials at either 3 months (P = 0.25;
12 = 37%) or 6 months (P = 0.29; 12 = 19%); there was significant
heterogeneity across trials at 12 months (P = 0.05; 12 = 68%).

D) Budesonide 9 mg versus budesonide 6 mg (Analysis 5.2)
Improvement in CDAI score was not significantly different between
the groups treated with 9 mg or 6 mg of budesonide when assessed
at 12 months (MD -18.00, 95% Cl -41.06 to 5.06). CDAI scores at 3
months and 6 months were also presented in the original article (de
Jong 2007) and show no significant differences between the two
doses at the latter two time points.

E) Budesonide 9 mg versus traditional corticosteroids

In the study comparing CIR budesonide to prednisolone (Schoon
2005), baseline CDAI scores were similar between groups (137 in
the budesonide group, 130 in the prednisolone group). Standard
deviations were not available for these values at baseline, and the
MD could not be calculated. However, CDAI scores at 3, 6 and 12
months were available and demonstrated no significant difference
between groups. At 3 months, mean CDAI scores were 144 + 105 in
the budesonide group and 104 + 66 in the prednisolone group. At 6
months, mean CDAl was 136 + 94 in the budesonide group and 114
+ 70 in the prednisolone group. At 12 months, mean CDAI was 144
+ 102 in the budesonide group, and 125 + 76 in the prednisolone
group (data obtained from study author).

F) Budesonide 6 mg versus mesalamine 3 g

The study authors stated that CDAI was significantly lower in
the budesonide group than in the mesalamine group at all time
points (Mantzaris 2003), however the data were not presented in
numerical form. The study authors could not be reached to provide
further information.

G) Budesonide 6 to 9 mg versus azathioprine 2.0 to 2.5 mg/kg

Mantzaris 2009 was the only study to compare budesonide to
azathioprine and did not report the change in CDAL.

3) Mean time to relapse of disease

A) Budesonide 6 mg versus placebo (Analysis 1.3)
Budesonide 6 mg significantly increased mean time to relapse
relative to placebo (MD 59.93 days to relapse, 95% Cl 19.02 to
100.84). Statistically significant heterogeneity was found when
studies were pooled (P =0.07; 12 = 58%). Remission was induced as
part of a clinical trial for all participating studies.

B) Budesonide 3 mg versus placebo (Analysis 2.3)

When pooled, budesonide 3 mg showed significant benefit over
placebo for mean time to relapse (MD 30.80 days, 95% Cl 8.88 to
52.71), with no significant heterogeneity (P = 0.39; 12 = 2%).

C) Budesonide 6 mg versus budesonide 3 mg (Analysis 4.3)

Mean time to relapse was not significantly different in patients who
received 6 mg compared with 3 mg (MD 29.67 days; 95% Cl -4.83 to
64.18), with no significant heterogeneity (P = 0.51; 12 = 0%).

D) Budesonide 9 mg versus budesonide 6 mg

The primary outcome of the study reporting this comparison was
relapse-free survival (de Jong 2007). The published article reported
median days to relapse with 95% CI. The median time to relapse
in the 6 mg group was 809 days (95% CI 360 to 1259 days) and
the median time to relapse in the 9 mg group was 1049 days (95%
Cl 384 to 1713 days). The study authors concluded there was no
statistically significant difference between groups.

E) Budesonide 9 mg versus traditional corticosteroids
Schoon 2005 did not report the mean time to relapse.

F) Budesonide 6 mg versus mesalamine 3 g
Mantzaris 2003 did not report the mean time to relapse.

G) Budesonide 6 to 9 mg versus azathioprine 2.0 to 2.5 mg/kg
(Analysis 8.2)

The mean time to relapse was significantly shorter among those
receiving budesonide as compared to those receiving azathioprine
(MD -58.00; 95% Cl -96.68 to -19.32).

4) Study withdrawals due to treatment failure

A) Budesonide 6 mg versus placebo (Analysis 1.4)

Study withdrawals due to treatment failure were reported
in six studies ( Cortot 2001; Ferguson 1998; Greenberg 1996;
Hanauer 2005; Hellers 1999; Lofberg 1996). Two studies found
a significant benefit for budesonide over placebo as defined by
fewer withdrawals in the budesonide group: Cortot 2001 (RR 0.41,
95% CI 0.25 to 0.69) and Hanauer 2005 (RR 0.57, 95% CI 0.32 to
1.00). The remaining studies found no significant difference. The
pooled analysis showed no statistically significant difference in
study withdrawals due to treatment failure between budesonide
and placebo (RR 0.75, 95% Cl 0.55 to 1.03). There was significant
heterogeneity when studies were pooled (P=0.05; 12 = 54%)).

B) Budesonide 3 mg versus placebo (Analysis 2.4)

There was no significant difference in study withdrawals due to
treatment failure between budesonide and placebo (RR 1.02, 95%
Cl 0.84 to 1.23). There was no heterogeneity when studies were
pooled (P =0.38; 12 =4%).

C) Budesonide 6 mg versus budesonide 3 mg (Analysis 4.4:
Comparison 03, Outcome 04)

There was no significant difference in study withdrawals due to

treatment failure between budesonide 6 mg and budesonide 3 mg
(RR 0.89, 95% Cl 0.68 to 1.16). There was no heterogeneity when
studies were pooled (P = 0.37; 12 = 0%).

D) Budesonide 9 mg versus budesonide 6 mg (Analysis 5.3)

No significant difference was seen between 9 mg and 6 mg of
budesonide when assessing study withdrawals due to treatment
failure (RR 0.99, 95% CI 0.55 to 1.78).

E) Budesonide 9 mg versus traditional corticosteroids (Analysis 6.2)
Schoon 2005 reported study withdrawals due to disease

deterioration or lack of improvement and these groups were
considered to be withdrawals due to treatment failure for the
purposes of this review. No significant difference in withdrawal
rates between groups were noted (RR 1.65, 95% Cl 0.89 to 3.06).

F) Budesonide 6 mg versus mesalamine 3 g (Analysis 7.2)
In the single study comparing budesonide to mesalamine
(Mantzaris 2003), patients receiving budesonide were less likely to
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withdraw from the study due to treatment failure (RR 0.67, 95% Cl
0.46 to 0.97).

G) Budesonide 6 to 9 mg versus azathioprine 2.0 to 2.5 mg/kg
(Analysis 8.3)

There were fewer withdrawals due to treatment failure among
those receiving azathioprine compared to budesonide, but this
difference was not statistically significant (RR 2.27, 95% CI 0.98 to
5.30).

B. MEASURES OF SAFETY AND ADVERSE EVENTS

5) Proportion of patients with treatment-related adverse
events at 12 months

A) Budesonide 6 mg versus placebo (Analysis 1.5)

Patients treated with budesonide 6 mg had more treatment-related
(as defined by the study physician) adverse events than those
who received placebo. However, this difference was not statistically
significant (RR 1.51, 95% CI 0.90 to 2.19). There was no significant
heterogeneity when pooling these studies (P = 0.20; 12 = 34%).

B) Budesonide 3 mg versus placebo (Analysis 2.5)

There was no significant difference in the proportion of patients
experiencing adverse events in patients using budesonide 3 mg
compared to placebo (RR 1.19, 95% Cl 0.63 to 2.24). There was
significant heterogeneity when these studies were pooled (P =0.09;
12=50%).

C) Budesonide 6 mg versus budesonide 3 mg (Analysis 4.5)

There was no significant difference in the proportion of patients
experiencing adverse events in patients using budesonide 6 mg
compared to those receiving 3 mg (RR 1.18, 95% Cl 0.60 to 2.32; P
=0.64). There was no significant heterogeneity when these studies
were pooled (P =0.16; 12 = 45%).

D) Budesonide 9 mg versus budesonide 6 mg (Analysis 5.4)

In the study comparing 9 mg to 6 mg of budesonide, there was
no statistically significant difference in the proportion of patients
experiencing at least one adverse event (RR 1.12, 95% Cl 0.89 to
1.42).

E) Budesonide 9 mg versus traditional corticosteroids

Schoon 2005 did not report the proportion of patients with
treatment-related adverse events. However there was no difference
between budesonide and weaning prednisolone groups in the
proportion of patients with any adverse event (96% versus 98%), or
serious adverse events (35% versus 29%). There was a significantly
lower rate of treatment-emergent corticosteroid adverse events
in the budesonide group compared with prednisolone-treatment
patients (51% versus 71%; P < 0.001).

F) Budesonide 6 mg versus mesalamine 3 g

Mantzaris 2003 did not report the proportion of patients
experiencing at least one treatment-related adverse event. Three
budesonide patients developed steroid-related adverse events
(acne and moon facies). Steroid-related adverse events were
reduced in both groups after discontinuation of the systemic
corticosteroid.

G) Budesonide 6-9 mg versus azathioprine 2.0-2.5 mg/kg

Mantzaris 2009 did not report the proportion of patients in each
group with a treatment-related adverse event. There were 112
adverse events reported among participants receiving azathioprine
and 83 among those receiving budesonide. Among those receiving
budesonide, one patient developed acne, five developed moon
face, and one experienced hair loss. Two patients were withdrawn
from the azathioprine arm of the trial due to the development of
pancreatitis and leukopenia; an additional two patients developed
paresthesias, one developed hair loss, and one had elevated
transaminases.

6) Study withdrawals due to adverse events

A) Budesonide 6 mg versus placebo (Analysis 1.6)

There was no significant increase in the proportion of patients
withdrawing from studies due to adverse events in the budesonide
groups compared to placebo (RR 1.08, 95% CI 0.60 to 1.95). There
was no heterogeneity when studies were pooled (P =0.62; 12 = 0%).

B) Budesonide 3 mg versus placebo (Analysis 2.6)

There was no significant increase in the proportion of patients
withdrawing from studies due to adverse events in the budesonide
groups compared with placebo (RR0.66,95% CI 0.20 to 2.17). There
was no heterogeneity when studies were pooled (P =0.62, 12 = 0%).

C) Budesonide 6 mg versus budesonide 3 mg (Analysis 4.6)

In the two studies that compared budesonide 6 mg with 3 mg
and placebo, Lofberg 1996 reported no withdrawals due to adverse
events and Ferguson 1998 reported one withdrawal due to adverse
events in each trial arm (RR 1.18, 95% CI 0.08 to 17.82). There was
no heterogeneity across studies (P >0.99; 12 = 0%).

D) Budesonide 9 mg versus budesonide 6 mg (Analysis 5.5)

In the study examining 9 mg and 6 mg of budesonide (de
Jong 2007), there was no significant difference between groups in
withdrawals due to adverse events (RR 0.31, 95% CI 0.03 to 2.94).

E) Budesonide 9 mg versus traditional corticosteroids (Analysis 6.3)
In the study comparing budesonide to weaning prednisolone
(Schoon 2005), there were no withdrawals in the steroid group
compared with four withdrawals in the budesonide group,
however, this difference was not statistically significant (RR 8.62,
95% Cl 0.48 to 155.52).

F) Budesonide 6 mg versus mesalamine 3 g
Mantzaris 2003 did not report any withdrawals due to adverse
events.

G) Budesonide 6 to 9 mg versus azathioprine 2.0 to 2.5 mg/kg
(Analysis 8.4)

In Mantzaris 2009, there were no withdrawals due to adverse events
in the budesonide arm and two in the azathioprine arm (RR 0.19,
95% C1 0.01 to 3.93).

H) Sensitivity Analysis - Any dose or formulation of budesonide
compared with placebo (Analysis 3.1)

When all studies comparing budesonide (any dose or formulation)
to placebo were pooled, there was no statistically significant
difference in study withdrawals due to adverse events between
patients receiving active treatment compared to placebo (RR 0.81,
95% C1 0.48 to 1.36). There was no heterogeneity when studies were
pooled (P =0.71; 12 = 0%).
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7) Proportion of patients with abnormal ACTH stimulation test
Note: The definition of an 'abnormal’ test is reported for each study
in the table 'Characteristics of included studies".

A) Budesonide 6 mg versus placebo (Analysis 1.7)

Patients receiving CIR budesonide 6 mg per day had significantly
higher rates of abnormal ACTH stimulation tests than those
receiving placebo (RR 2.72, 95% Cl 1.62 to 4.58). There was no
heterogeneity when the studies were pooled (P = 0.37; 12 = 5%). No
studies in this comparison used the pH-dependent formulation.

B) Budesonide 3 mg versus placebo (Analysis 2.7)

Patients receiving CIR budesonide 3 mg per day had higher rates
of abnormal ACTH stimulation tests than those receiving placebo
(RR 1.89, 95% CI 0.76 to 4.69). There was low heterogeneity when
the studies were pooled (P = 0.26; 12 = 27%). No studies in this
comparison used the pH-dependent formulation.

C) Budesonide 6 mg versus budesonide 3 mg (Analysis 4.7
Comparison 03, Outcome 07)

There was no significant difference in abnormal ACTH stimulation
tests between 6 mg and 3 mg CIR budesonide (RR 1.49, 95% Cl 1.00
to 2.24). There was no heterogeneity when studies were pooled (P
=0.96; 12 = 0%).

D) Budesonide 9 mg versus budesonide 6 mg
de Jong 2007 did not report the proportion of patients with
abnormal ACTH stimulation.

E) Budesonide 9 mg versus traditional corticosteroids (Analysis 6.4)
There was no significant difference in ACTH stimulation test
between budesonide and prednisolone, although there was a trend
towards increased abnormal tests in the prednisolone group (RR
0.60, 95% CI 0.36 to 1.00).

F) Budesonide 6 mg versus mesalamine 3 g
Mantzaris 2003 did not report on ACTH stimulation tests.

G) Budesonide 6 to 9 mg versus azathioprine 2.0 to 2.5 mg/kg

Mantzaris 2009 reported significant decreases in cortisol levels
following treatment with budesonide, but mean cortisol levels
remained within the normal range. No numerical values are
provided and the proportion of patients with abnormal ACTH
stimulation tests in each arm was not reported.

C. OTHER OUTCOMES

Quality of life (IBDQ)

Most studies did not report quality of life measures. The remaining
studies were not pooled to analyze change in IBDQ scores because
each study compared budesonide to a different control and some
scores and standard deviations were not reported.

A) Budesonide versus placebo

Greenberg 1996 reported no significant group differences in the
change of IBDQ at any time point. Baseline IBDQ scores were 181 +
19in the placebo group, 185 + 21 in the budesonide 3 mg group and
184 + 24 in the budesonide 6 mg group. After one year, the placebo
group had a mean I1BDQ score of 150 + 38, the 3 mg group had a
mean score of 156 + 39 and the 6 mg group had a mean score of 161
+ 36.

Cortot 2001 described a significant difference in mean IBDQ scores
after 13 weeks of treatment with similar baselines, citing a P-value
0f0.025. Cortot 2001 also administered the SF-36 questionnaire and
found a significantimprovement in the physical component for the
budesonide group, but no difference between groups in the mental
component. Raw data on IBDQ and SF-36 questionnaires were not
available after contact with study authors.

B) Budesonide versus prednisolone

Schoon 2005 reported no significant differences in mean 1BDQ
scores at 6 months (168 + 37 in the budesonide group, 164 + 34 in
the prednisolone group) or 12 months (172 £ 36 in the budesonide
group, 167 + 36 in the prednisolone group).

C) Budesonide versus mesalamine

Mantzaris 2003 reported a significantly better IBDQ score in the
budesonide group compared to mesalamine. At baseline, mean
IBDQ scores were similar (188 + 18 in the budesonide group, 186+ 12
in the mesalamine group), but after one year the budesonide group
had significantly higher IBDQ scores than the mesalamine group
(150 * 44 in the budesonide group, 113 + 33 in the mesalamine
group, P <0.0001).

DISCUSSION

Oral budesonide is a corticosteroid designed to be topically
released in the small intestine with a high first-pass effect, limiting
systemic adverse events. It is effective for induction of remission
in CD with fewer adverse effects than traditional corticosteroids
(Seow 2008). However, the results of this review suggest that
budesonide is not effective for maintaining remission in CD patients
compared to placebo in the long-term. For the placebo-controlled
studies a GRADE analysis rated the overall quality of the evidence
for continued remission at 6 and 12 months as moderate due to
sparse data (See Summary of findings for the main comparison).
However, budesonide significantly increased the mean time to
relapse compared to placebo. Thisis true of both drug formulations
(CIR or pH-dependent) and for both methods used to induce
remission (pharmacological or surgical). Additionally, although
adverse events did not appear to be more common than placebo
in the studies reviewed, the risk of budesonide affecting the
adrenocorticoid axis is demonstrated by higher rates of abnormal
ACTH stimulation tests.

At three months, budesonide demonstrated a modest benefit over
placebo at doses of both 3 mg and 6 mg, but this benefit was
not sustained at 6 and 12 months. Significant heterogeneity was
observed among the trials comparing 6 mg of budesonide to
placebo. Removing trials of surgically-induced patients decreased
between-study heterogeneity and removing studies of both
surgically-induced and steroid-dependent patients completely
removed statistical heterogeneity. When the trial of surgically-
induced patients was excluded, budesonide demonstrated
significant benefit over placebo. This effect was likely driven by
the one trial of steroid-dependent patients that found a significant
benefit of budesonide 6 mgover placebo but only followed patients
for three months (Cortot 2001). Therefore the benefit seen at three
months following enrolment may have been influenced by the
methods used to induce remission prior to study enrolment. These
findings support suggestions that CD may not be one disease
but in fact a broad spectrum of diseases, as indicated by the
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different patient populations in the different trials (Ruel 2014).
Budesonide may have different efficacy across different subtypes
of CD. Comparison of budesonide 3 mg to placebo identified no
statistical heterogeneity across trials; this comparison included
one trial of surgically-induced patients (Ewe 1999), and no trial of
steroid-dependent patients.

The four studies which compared different doses of budesonide (6
mg versus 3 mg in three studies:Ferguson 1998, Greenberg 1996,
and Lofberg 1996 and 9 mg versus 6 mg in one study: de Jong 2007)
did not demonstrate any benefit for higher doses of budesonide.
While no study has compared budesonide 9 mg to placebo for
maintenance of remission, this higher dose has been shown to be
effective for induction of remission in CD patients (Seow 2008).
Nevertheless, there is no evidence that higher doses are more
effective than lower doses.

The definition of remission was not consistent across all studies.
Most studies defined sustained remission as a CDAI of less than or
equal to 150 at each follow-up time point. Other studies reported
only relapse rates defined as a CDAI of greater than 150 or 200 with
a minimum 60 point increase from baseline (Cortot 2001; de Jong
2007; Ewe 1999; Gross 1998; Mantzaris 2003). Clinical remission was
not defined in the study comparing budesonide to azathioprine
(Mantzaris 2009). For the purposes of this review, in the cases
where remission rates were not reported or obtainable from study
authors, the proportion of patients in remission at each time point
was defined as the inverse of the relapse rate at that time point.
Only one study comparing budesonide 6 mg to placebo reported
relapse rates (Cortot 2001). This study was the only one to include
steroid-dependent patients and had higher rates of remission
relative to those that included patients induced as part of a clinical
trial. Prednisolone was tapered over time and may have prolonged
remission and contributed to both the magnitude of the effect
and heterogeneity across studies. Relapse rates were reported
after only 13 weeks of treatment. The different inclusion criteria
compared to other studies in the analysis and the short follow-up
time may have accounted for the benefit attributed to budesonide.
The results of the studies comparing 3 mg to placebo reported only
relapse rates (Ewe 1999; Gross 1998), and were consistent with the
studies reporting remission rates. No appreciable heterogeneity
was detected when studies were pooled. The subgroup analysis of
studies using the pH-modified form of budesonide reported relapse
rates only and budesonide had no benefit over placebo.

Budesonide decreased CDAI scores relative to placebo at the 6 mg
daily dose. This benefit amounts to less than 40 points on the CDAI
scale at all assessed time points and is unlikely to be clinically
significant. Most clinical trials consider changes in CDAI score of
70 to 100 points to be the minimum clinically important change
(Sands 2005; Su 2007). Among patients that relapse, budesonide
6 mg extends the time to disease recurrence by 60 days and 3 mg
extends the time to disease recurrence by 30 days.

Budesonide was also compared to conventional steroids (weaning
dose of prednisolone) in a single unblinded trial. The results
of this study should be interpreted with caution as a GRADE
analyses rated the overall quality of the evidence for continued
remission at 12 months as low due to high risk of bias (i.e.
no blinding) and sparse data. The results of this study may
have been subject to detection bias. Despite issues related to
study quality, there were no differences between budesonide
and prednisolone both in terms of efficacy (i.e., maintenance of

remission) or safety (withdrawals due to adverse events). However,
budesonide was safer than prednisolone in terms of impact on
the adrenocortical axis with significantly less budesonide-patients
experiencing abnormal ACTH stimulation tests than those treated
with prednisolone.

One small study found budesonide to be superior to mesalamine
for maintenance of remission, and was associated with fewer
withdrawals due to adverse events. The results of this study
should be interpreted with caution as a GRADE analysis rated
the overall quality of the evidence for continued remission at 12
months as very low due to high risk of bias (i.e. no blinding) and
very sparse data (18 events). There was no significant difference
in continued remission at 12 months between azathioprine and
budesonide. Azathioprine increased the time to disease recurrence
among patients who relapsed. The results of this study should
be interpreted with caution as a GRADE analysis rated the overall
quality of the evidence for continued remission at 12 months as
very low due to high risk of bias (i.e. single-blind design and lack of
allocation concealment) and sparse data. The failure to blind trial
participants leads to performance bias and may partly explain the
results of these trials. The failure to adequately conceal allocation
in the trial comparing budesonide to azathioprine may have
exaggerated the differences between budesonide and azathioprine
(Egger 2001).

While budesonide did not increase the risk of adverse events
relative to placebo or any active comparators, any dose increased
the risk of an abnormal ACTH test compared to placebo. However,
there does appear to be dose-dependent suppression of the
adrenocortical axis, with those receiving 6 mg being numerically
more likely to have an abnormal ACTH stimulation test than those
receiving 3 mg. This comparison was not available for the study
comparing 9 mg to 6 mg. Abnormal ACTH stimulation tests were
less common among patients receiving budesonide compared to
conventional steroids.

These results demonstrate that budesonide, when used for
long periods, has systemic effects. This could have important
implications for at risk patients including growing children and
adults with osteopenia or osteoporosis, although these systemic
effects appear to be less pronounced with budesonide than
conventional steroids. Schoon 2005 compared budesonide to
conventional steroids, with the primary outcome being bone
mineral density (as measured by DXA). Among corticosteroid-naive
patients, decreases in bone mineral density were less pronounced
following treatment with budesonide than prednisolone. However,
the effect of budesonide on bone mineral density remains
inconclusive (Cino 2002). No randomized clinical trial has
compared changes in bone mineral density between budesonide
and placebo. The risk of systemic corticosteroid effects in light of
these limited benefits make the use of budesonide for maintenance
of remission difficult to justify. Additionally, selection bias may also
play a role in these minor benefits, as patients were often included
in maintenance trials only if they had previously responded to
budesonide during a trial for induction of remission.

The reasons for budesonide's lack of efficacy for maintenance
of remission in CD are not entirely clear. There is evidence that
the use of systemic corticosteroids may contribute to the loss
of immune tolerance, potentially due to reduced immune cell
apoptosis (Towers 2005). The early use of corticosteroids may, in
fact, propagate the abnormal immune response in patients with
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CD resulting in repeated episodes of inflammation and tissue
damage, as well as decreased efficacy of corticosteroids with
repeated or long-term use (Van Den Brande 2002). Itis also possible
that the location of disease in patients receiving budesonide
who relapse is outside of the location of budesonide's greatest
effect (the ileocecal region). Only two studies reported endoscopic
recurrence both reporting only recurrences at the neo-terminal
ileum or anastomotic site in patients who had a surgically-induced
remission (Ewe 1999; Hellers 1999).

AUTHORS' CONCLUSIONS

Implications for practice

These data suggest budesonide is not effective for maintenance
of remission in CD, particularly when used beyond three months
following induction of remission. However, it has a modest
benefit in terms of decreasing the CDAI score and prolonging
time to relapse. Any mild benefits are outweighed by the risk of
adrenocorticoid suppression when using budesonide for extended
periods of time. Patients receiving 6 mg daily of budesonide for
extended periods of time experienced a higher rate of treatment-
related adverse events, although these events did not result in
study withdrawal and therefore may have been relatively mild.

Implications for research

The results of this review demonstrated no benefit for budesonide
for the maintenance of remission in CD. Studies included in
this review examined different doses (9 mg, 6 mg, and 3 mg
daily), formulations (CIR and pH-dependent release) and modes

of remission induction (e.g., systemic corticosteroids, budesonide
and surgical resection). Additionally, higher doses of budesonide
(9 mg vs. 6 mg or 6 mg vs. 3 mg) do not appear to provide
any additional benefit. The only comparison lacking amongst
these studies is that of budesonide 9 mg compared with placebo
for maintenance of remission. However, considering the lack of
benefit of 9 mg over 6 mg (de Jong 2007), and the higher rates
of adrenocorticoid axis suppression such a trial is unlikely to be
undertaken. Further information on the long-term implications of
budesonide on bone mineral density would be beneficial.
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Patients > 18 years of age with CDAI <200 who were steroid-dependent (N = 120)

Patients received azathioprine for a minimum of 6 months and 5-aminosalicylates for a minimum of 1

month
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Cortot 2001 (Continued)

EXCLUSION CRITERIA: 1) Pregnant or breast-feeding women, 2) Patients allergic to corticosteroids, 3)
Rectal CD or active fistulae, 4) Septic/infectious complications, 5) Perforations, 6) Previous ileostomy,
pouch procedure, colostomy or ileal resection >100 cm, 7) Requirement for immediate surgery

Interventions

Group 1: CIR budesonide (Entocort) 6 mg once daily for 16-22 weeks (n = 60)

Group 2: Placebo for 16-22 weeks

Outcomes 1) Successful weaning and discontinuation of systemic corticosteroids without relapse (defined as CDAI
>200 with an increase of 60 points from baseline)
2) Quality of life measured by IBDQ
3) Adverse events

Notes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Randomization was completed in blocks, separately by centre

tion (selection bias)

Allocation concealment Low risk Sealed, opaque envelopes were used to assign treatment

(selection bias)

Blinding (performance Low risk Described as double blind

bias and detection bias)

All outcomes Appearance of placebo was identical to that of the study mediation
Blinding of outcome assessors was not described; however, the primary out-
come (based on the CDAI) is predominately based on patient reports (diary)
and is consequently at low risk of bias.

Incomplete outcome data  Low risk Withdrawals were similar across groups

(attrition bias)

All outcomes

Selective reporting (re- Low risk All key outcomes included

porting bias)

Other bias Low risk No additional sources of bias were identified

de Jong 2007
Methods Randomized, double-blind, parallel group, multicenter trial

Participants

Patients 18-75 years old with CD confined to ileum or colon in remission for 3-18 months (N = 157)
METHOD OF INDUCTION OF REMISSION: Any, except no small bowel resections > 80 cm within 6
months of enrollment (remission defined as CDAI < 150)

EXCLUSION CRITERIA: 1) Rectal or perianal disease, 2) Bowel surgery within 6 months of enrollment, 3)
History of small bowel resections >80 cm, 4) Disease locations proximal to ileum, 5) Severe hepatic/re-
nal disease, 6) Contraindication to corticosteroids, 7) Need for parenteral nutrition, 8) Presence of ac-
tive infection, 9) Pregnancy or inadequate use of contraception

Interventions

Group 1: pH-modified release budesonide (Budenofalk) 6 mg once daily for 52 weeks (n = 76)
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de Jong 2007 (continued)

Group 2: pH-modified release budesonide (Budenofalk) 9 mg once daily for 52 weeks (n = 81)

Outcomes 1) Relapse of disease (defined as CDAI > 150 and an increase of at least 60 points from baseline)
2) Time to relapse
3) Adverse events
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Patients were randomized using a computer-generated list
tion (selection bias)
Allocation concealment Low risk Sealed, opaque envelopes were used to assign treatment
(selection bias)
Blinding (performance Low risk Described as double blind

bias and detection bias)
All outcomes

Appearance of placebo was identical to that of the study mediation

Blinding of outcome assessors was not described; however, the primary out-
come (based on the CDAI) is predominately based on patient reports (diary)
and is consequently at low risk of bias

Incomplete outcome data  Low risk Withdrawals were similar across groups

(attrition bias)

All outcomes

Selective reporting (re- Low risk All key outcomes included

porting bias)

Other bias Low risk No additional sources of bias were identified
Ewe 1999

Methods Randomized, double-blind, placebo-controlled, multicenter trial

Participants

Patients with ileal, ileo-colonic or colonic CD (N = 83)

METHOD OF INDUCTION OF REMISSION: 'Curative' surgical resection, without visible disease at resec-
tion margins and had an anastomosis accessible to colonoscopy

EXCLUSION CRITERIA: None listed, but five patients excluded due to lack of compliance, intraoperative
ileostomy, or error in diagnosis

Interventions

Group 1: pH-modified release budesonide (Budenofalk) 1 mg three times daily (3 mg/day) for 12
months (n =43)

Group 2: Placebo for 12 months (n = 40)

Outcomes

1) Recurrence of CD based on endoscopic findings

2) Arise in CDAI from 60 up to 200 from the first follow-up or a CDAI > 200 and signs or symptoms char-
acteristic of CD were taken as recurrence if colonoscopy was refused

2) Histology scores
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Ewe 1999 (Continued)

3) CDAI
4) Global judgement of well-being

5) Time to relapse

Notes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Patients were randomized using a computer-generated list

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment is not discussed

(selection bias)

Blinding (performance Low risk Described as double blind

bias and detection bias)

All outcomes Appearance of placebo was identical to that of the study mediation
Blinding of outcome assessors was not described; however, the primary out-
come (based on the CDAI) is predominately based on patient reports (diary)
and is consequently at low risk of bias

Incomplete outcome data  Low risk Withdrawals were similar across groups

(attrition bias)

All outcomes

Selective reporting (re- Low risk All key outcomes were included

porting bias)

Other bias Low risk No additional sources of bias were identified

Ferguson 1998

Methods

Randomized, double-blind, placebo-controlled, multicenter study with three parallel groups

Participants

Patients 18-65 years old with CD limited to the ileal or ileocecal region or ascending colon, in clinical re-
mission defined by a CDAI < 150 (N = 75)

METHOD OF INDUCTION OF REMISSION: 12-week course of budesonide in a clinical trial

EXCLUSION CRITERIA: 1) lleostomy or previous small bowel resection >100 cm, 2) Pregnant or breast-
feeding, 3) History of drug/alcohol abuse, 4) Active infection, 5) Active fistulae, 6) Rectal inflammation,
7) Hyperglycemia, 8) Significant hepatic/renal/cardiovascular disease, 9) Significant mental abnormal-
ity, 10) Any other steroid therapy, cholestyramine, azathioprine, 6-mercaptopurine, methotrexate, cy-
closporine, metronidazole, tinidazole, sulfasalazine, other aminosalicylates, H2-blockers, proton pump
inhibitors or parenteral, enteral or polymeric nutrition

Interventions

Group 1: CIR budesonide (Entocort) 3 mg twice daily (6 mg/day) for 12 months (n=22)_
Group 2: CIR budesonide (Entocort) 3 mg once daily for 12 months (n = 26)

Group 3: Placebo for 12 months (n = 27)

Outcomes 1) Proportion of patients with disease in remission defined as CDAI < 150 at specific time points
2) Time to relapse of disease (defined as CDAI > 150 and an increase of at least 60 points from baseline)
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Ferguson 1998 (Continued)

3) CDAI changes
4) Adverse events

5) Baseline plasma cortisol

6) ACTH test

Notes Additional unpublished data obtained from study sponsor

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomization was completed in blocks

tion (selection bias)

Allocation concealment Low risk Sealed, opaque envelopes were used to assign treatment

(selection bias)

Blinding (performance Low risk Described as double blind

bias and detection bias)

All outcomes Appearance of placebo was identical to that of the study mediation
Blinding of outcome assessors was not described; however, the primary out-
come (based on the CDAI) is predominately based on patient reports (diary)
and is consequently at low risk of bias

Incomplete outcome data  Low risk Withdrawals were similar across groups

(attrition bias)

All outcomes

Selective reporting (re- Low risk All key outcomes were included

porting bias)

Other bias Low risk No additional sources of bias were identified

Greenberg 1996
Methods Randomized, multicenter, placebo-controlled dose-finding study

Participants

Patients > 18 years of age with CD restricted to the ileum and colon proximal to the hepatic flexure, in
clinical remission defined by a CDAI <150 (N = 105)

METHOD OF INDUCTION OF REMISSION: 8 week course of budesonide or placebo in a clinical trial
which assessed 15 mg, 9 mg, 3 mg or placebo to induce remission

27% of patients received 9 mg of budesonide for 8 weeks in an open-label study after withdrawal from
the induction trial

EXCLUSION CRITERIA: 1) lleostomy or surgical bowel resection more extensive than that of the terminal
ileum or right colon, 2) Diabetes mellitus, 3) Active infection, 4) Peptic ulcer disease, 5) Cancer, 6) Sig-
nificant cardiac or hepatic disease, 7) Pregnancy or breast-feeding

Interventions

Group 1: CIR budesonide (Entocort) 6 mg once daily for 52 weeks (n = 36)

Group 2: CIR budesonide (Entocort) 3 mg once daily for 52 weeks (n =33)
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Greenberg 1996 (Continued)

Group 3: Placebo for 52 weeks (n = 36)

Outcomes 1) Proportion of patients with disease in remission defined as CDAI < 150 at specific time points
2) Time to relapse of disease (defined as CDAI > 150 and an increase of at least 60 points from baseline)
3) Quality of life using IBDQ
4) Change in serum C-reactive protein
5) Corticotrophin stimulation test (normal response defined as baseline plasma cortisol concentration
>200 nmol/L and an increment above baseline of at least 200 nmol/L or an absolute value of more than
500 nmol/L at 30 or 60 minutes)
Notes Additional unpublished data obtained from study sponsor
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Patients were randomized using a computer-generated list
tion (selection bias)
Allocation concealment Unclear risk No description provided
(selection bias)
Blinding (performance Low risk Described as double blind
bias and detection bias)
All outcomes Appearance of placebo was identical to that of the study mediation
Blinding of outcome assessors was not described; however, the primary out-
come is predominately based on patient reports (diary) and is consequently at
low risk of bias
Incomplete outcome data  Low risk Withdrawals similar across groups
(attrition bias)
All outcomes
Selective reporting (re- Low risk All key outcomes included
porting bias)
Other bias Low risk No additional sources of bias were identified
Gross 1998
Methods Randomized, double-blind, placebo-controlled multicenter trial

Participants

Patients 18-70 years old with active CD defined by a CDAI > 200 who then entered remission (defined by
CDAI < 150) following corticosteroid-treatment (N = 179)

METHOD OF INDUCTION OF REMISSION: Systemic corticosteroid therapy using the dosing regimen
from the European Cooperative Crohn's Disease study (Malchow 1984), consisting of methylpred-
nisolone 48 mg daily for one week, followed by a weekly wean

EXCLUSION CRITERIA: None listed, but no other method of treatment allowed

Interventions

Group 1: pH-modified release budesonide (Budenofalk) 1 mg three times daily (3 mg/day) for 12
months (n =84)

Group 2: Placebo for 12 months (n = 95)
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Gross 1998 (Continued)

Outcomes 1) Relapse of disease (defined as CDAI > 150 for more than two subsequent weeks, or a CDAI > 150 at the
end of the study or at last documented visit)
2) Time to relapse
3) Adverse events
Notes Study halted because it was shown to be statistically highly unlikely to prove hypothesis (superiority of
budesonide compared with placebo for maintenance of remission)
Additional unpublished data obtained from study sponsor
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk No description provided
tion (selection bias)
Allocation concealment Unclear risk No description provided
(selection bias)
Blinding (performance Low risk Described as double blind
bias and detection bias)
All outcomes Appearance of placebo was identical to that of the study mediation
Blinding of outcome assessors was not described; however, the primary out-
come (based on the CDAI) is predominately based on patient reports (diary)
and is consequently at low risk of bias
Incomplete outcome data  Low risk Withdrawals were similar across groups
(attrition bias)
All outcomes
Selective reporting (re- Low risk All key outcomes were included
porting bias)
Other bias Low risk No additional sources of bias were identified
Hanauer 2005
Methods Randomized, double-blind, placebo-controlled, multicenter trial

Participants

Patients > 18 years of age with CD restricted to the distal ileum or proximal colon, in clinical remission
defined by a CDAI <150 (N =110)

METHOD OF INDUCTION OF REMISSION: 8 week course of treatment with budesonide 9 mg/day in a
clinical trial

EXCLUSION CRITERIA: 1) Previous ileostomy, colostomy, gastric surgery or ileal resection >100 cm, 2)
Active infection, 3) Peptic ulcer disease, 4) Cancer, 5) Uncontrolled diabetes, 6) Significant hepatic, re-
nal, cardiovascular, endocrinologic, neurologic or psychiatric disease, 7) Inmunosuppression for 90
days prior to baseline induction study, 8) corticosteroids 14 days prior to baseline induction study, 9)
Mesalamine or NSAIDs >3 consecutive days, 10) Magnesium-containing antacids, 11) Any anti-inflam-
matory orimmunomodulator drugs for CD (other than budesonide)

Interventions

Group 1: CIR budesonide (Entocort) 6 mg once daily for 52 weeks (n =55)

Group 2: Placebo for 52 weeks (n = 55)
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Hanauer 2005 (Continued)

Outcomes 1) Proportion of patients with disease in remission defined as CDAI < 150 at specific time points
2) Time to relapse of disease (defined as CDAI > 150 and an increase of at least 60 points from baseline)
3) ACTH stimulation test (normal response defined as baseline plasma cortisol concentration > 150
nmol/L and a concentration of > 400 nmol/L or an increase of at least 200 nmol/L at 30 or 60 minutes)
Notes Additional unpublished data obtained from study sponsor
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Patients were randomized using a computer-generated list
tion (selection bias)
Allocation concealment Unclear risk No description provided
(selection bias)
Blinding (performance Low risk Described as double blind
bias and detection bias)
All outcomes Appearance of placebo was identical to that of the study mediation
Blinding of outcome assessors was not described; however, the primary out-
come (based on the CDAI) is predominately based on patient reports (diary)
and is consequently at low risk of bias
Incomplete outcome data  Low risk Withdrawals similar across groups
(attrition bias)
All outcomes
Selective reporting (re- Low risk All key outcomes were included
porting bias)
Other bias Low risk No additional sources of bias were detected
Hellers 1999
Methods Randomized, parallel-group, double-blind, placebo-controlled, multicenter trial

Participants

Patients scheduled for surgical resection of ileocolonic CD (N = 130)
METHOD OF INDUCTION OF REMISSION: Surgical resection of diseased area

EXCLUSION CRITERIA: 1) Previous ileal resection > 100 cm, 2) Infectious complication such as abscess
or fistula, 3) Corticosteroids less than 30 days from surgery, 4) Any medication for treatment of CD (ex-
cept budesonide)

Interventions

Group 1: CIR budesonide (Entocort) 6 mg once daily for 52 weeks (n = 63)

Group 2: Placebo for 52 weeks (n = 67)

Outcomes 1) Proportion of patients with disease in remission defined as CDAI < 150 at specific time points
2) Recurrence of disease defined by a score of 2 or higher on the Rutgeerts scale (Rutgeerts 1990)
3) CDAI score (note: baseline CDAI was taken 6 weeks after surgical resection to induce remission)
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Hellers 1999 (continued)

4) ACTH stimulation test (normal response defined as baseline plasma cortisol concentration > 150
nmol/L and a concentration of > 400 nmol/L or an increase of at least 200 nmol/L at 30 or 60 minutes).

Notes Additional unpublished data obtained from study sponsor

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk No description provided

tion (selection bias)

Allocation concealment Unclear risk No description provided

(selection bias)

Blinding (performance Unclear risk The study is described as double blind; however, no description is provided

bias and detection bias)
All outcomes

with regard to the mechanisms to ensure the blinding of participants and out-
come assessors (endoscopists)

Incomplete outcome data  Low risk Withdrawals similar across groups
(attrition bias)
All outcomes
Selective reporting (re- Low risk All key outcomes were included
porting bias)
Other bias Low risk No additional sources of bias were identified
Lofberg 1996
Methods Randomized, double-blind, placebo-controlled, multicenter study with three parallel groups

Participants

Patients > 18 years of age with CD restricted to the terminal ileum or ileocecal region, in clinical remis-
sion defined by a CDAI < 150 (N = 90)

METHOD OF INDUCTION OF REMISSION: 10 week course of either budesonide or prednisolone in a clin-
ical trial

EXCLUSION CRITERIA: 1) Septic complications, 2) Active inflammation of the rectum, 3) Peptic ulcer
disease, 4) Diabetes mellitus, 5) Hyperglycemia, 6) Significant hepatic, renal or cardiovascular disease,
7) Patients receiving total parenteral, enteric or polymeric nutrition, 8) lleostomy or previous small
bowel resection >100 cm

Interventions

Group 1: CIR budesonide (Entocort) 6 mg daily for 12 months (n = 32)
Group 2: CIR budesonide (Entocort) 3 mg daily for 12 months (n=31)

Group 3: Placebo for 12 months (n =27)

Outcomes

1) Proportion of patients with disease in remission defined as CDAI < 150 at specific time points
2) Time to relapse of disease (defined as CDAI > 150 and an increase of at least 60 points from baseline)
3) Adverse events

4) ACTH stimulation test (normal response defined as baseline plasma cortisol concentration > 150
nmol/L and a concentration of > 400 nmol/L or an increase of at least 200 nmol/L at 30 or 60 minutes)

Notes

Additional unpublished data obtained from study sponsor
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Lofberg 1996 (continued)
Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Low risk Patients were randomized in blocks at each centre

tion (selection bias)

Allocation concealment Unclear risk No description provided

(selection bias)

Blinding (performance Low risk Described as double blind

bias and detection bias)

All outcomes Appearance of placebo was identical to that of the study mediation
Blinding of outcome assessors was not described; however, the primary out-
come (based on the CDAI) is predominately based on patient reports (diary)
and is consequently at low risk of bias

Incomplete outcome data  Low risk Withdrawals were similar across groups

(attrition bias)

All outcomes

Selective reporting (re- Low risk All key outcomes were included

porting bias)

Other bias Low risk No additional sources of bias were identified

Mantzaris 2003
Methods Randomized, investigator-blinded, controlled trial

Participants

Patients 18-65 years old with CDAI < 150 who were steroid-dependent, defined as at least two courses
of oral or intravenous corticosteroids in the preceding 12 months with a relapse of disease prior to dis-
continuation (N =57)

Patients had disease limited to the ileum, ileocolonic region or proximal colon

METHOD OF INDUCTION OF REMISSION: Prednisolone 1 mg/kg for at least 4 months prior to study with
the dose tapered by 5 mg/week to the lowest dose possible to maintain remission effectively
EXCLUSION CRITERIA: 1) Patients maintained on mesalamine, 2) Patients maintained on azathioprine
unless it had been withdrawn as a result of intolerance or side effects at least 3 months prior to trial en-
rollment, 3) Patients with left-sided colitis or perianal disease, 4) Fibrostenotic or fistulizing disease, 5)
Prior intestinal resection for CD, 6) Pregnancy or breast-feeding, 7) Allergy to steroids or mesalamine, 8)
Regular use of NSAIDs or antibiotics, 9) Diabetes mellitus, 10) Chronic renal, hepatic or heart failure

Interventions

Group 1: CIR budesonide (Entocort) 6 mg daily for 1 year (n =29)

Group 2: pH-dependent release mesalamine (Salofalk) 1 gram three times daily (3 g/day) for 1 year (n =
28)

Outcomes 1) Relapse of disease (defined as CDAI > 150 and an increase of at least 100 points from baseline)
2) Time to relapse
3) Quality of life using IBDQ
4) Adverse events
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Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No description provided

tion (selection bias)

Allocation concealment Unclear risk No description provided

(selection bias)

Blinding (performance High risk Study participants were not blinded

bias and detection bias)

All outcomes Investigators were blinded but mechanisms to ensure blinding were not de-
scribed

Incomplete outcome data  Low risk Withdrawals were similar across groups

(attrition bias)

All outcomes

Selective reporting (re- Low risk All key outcomes were included

porting bias)

Other bias Low risk No additional sources of bias were identified

Mantzaris 2009

Methods

Randomized endoscopist- and pathologist-blinded single-centre trial with 2 parallel groups

Participants

Patients 18-67 years old with inflammatory steroid-dependent Crohn's proximal colitis or ileocolitis in
remission (CDAI < 150)

Patients with > 1 flare within the past 6-12 months that had responded to steroids but experienced a re-
lapse while tapering or shortly following the withdrawal of steroids were considered to be steroid de-
pendent (N=77)

METHOD OF INDUCTION OF REMISSION: Steroids

EXCLUSION CRITERIA: 1) Prior exposure to infliximab or azathioprine for more than one month, 2) Left-
sided colitis, 3) Fibrostenotic or fistulizing CD, 4) Prior resection, 5) Prednisone more than 30 mg per
day, 6) History of diabetes mellitus, tuberculosis, hepatitis B or C, human immunodeficiency virus, 7)
Regular use of nonsteroidal anti-inflammatory drugs, 8) Existing or intended pregnancy or lactation, 9)
Peptic ulcer disease, 10) Chronic renal, hepatic, or heart failure

Interventions

Group 1: CIR Budesonide (Budecol; AstraZeneca A&D, Lund, Sweden) 6-9 mg once daily for one year (n =
39)

Group 2: Azathioprine 2.0-2.5 mg/kg daily for one year (n = 38)

Outcomes

1) Rate of mucosal healing based on the Crohn's Disease Endoscopic Index of Severity (CDEIS; Mary
1989) and histologic remission based on the D'Haens score (D'Haens 1998)

2) Annual relapse rate
3) Time in remission

4) Time to discontinuation of study medication

Budesonide for maintenance of remission in Crohn's disease (Review)
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Mantzaris 2009 (Continued)

5) Changes in CDAI scores and health-related quality of life

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Patients were randomized using a computer-generated list
tion (selection bias)
Allocation concealment High risk Patients were not aware that they were participating in a randomized trial and
(selection bias) separate consent forms were used for each trial arm
Selective enrolment of participants based on the results of randomization may
have resulted in selection bias
Blinding (performance High risk Participants were not blinded as they were not aware of the other treatment
bias and detection bias) arm in the study
All outcomes
The endoscopist and pathologist were blinded to study group
Incomplete outcome data  Low risk Withdrawals were similar across groups
(attrition bias)
All outcomes
Selective reporting (re- Low risk All key outcomes were included
porting bias)
Other bias Low risk No additional sources of bias were identified
Schoon 2005
Methods Randomized, controlled, open, multicenter trial

Participants

Patients 20-70 years old with CD affecting the distal ileum, ileocecal region or ascending colon, in clini-
cal remission defined by a CDAI <200 (N =90)

METHOD OF INDUCTION OF REMISSION: Prednisolone or prednisone 7-20 mg/day (at enrollment and
for at least 4 of the preceding 6 months)

EXCLUSION CRITERIA: 1) CD proximal to the ileum, 2) Active CD in the rectum, 3) Previous gastric
surgery, 4) Resection of >100 cm of small bowel, 5) Resection of tissues distal to mid-transverse colon,
6) Complicated CD (abscess, obstruction or perforation), 7) Hypersensitivity to corticosteroids, 8) Im-
munosuppressants within the past 3 months, 9) Hormone replacement therapy, bisphosphonates, an-
drogens, or anabolic steroids

Interventions

Group 1: Continuation of pre-existing prednisolone regiment (7-20 mg/day) for 24 months (n = 44)

Group 2: CIR budesonide (Entocort) 9 mg/day for 24 months with tapering of prednisolone or pred-
nisone dose by 5 mg/week until cessation (n = 46)

Outcomes

1) Proportion of patients with disease in remission at specific time points (defined as CDAI < 200)
2) Change in CDAl score

3) Quality of life using IBDQ

Budesonide for maintenance of remission in Crohn's disease (Review)
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Schoon 2005 (continued)

4) ACTH stimulation test (normal response defined as baseline plasma cortisol concentration > 150
nmol/L and a concentration of > 400 nmol/L or an increase of at least 200 nmol/L prior to 60 minutes),
5) Bone mineral density using DXA

Notes Main reference aimed at discussing bone mineral density results and not other outcomes
Additional unpublished data obtained from study authors

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Patients were randomized using a computer-generated list

tion (selection bias)

Allocation concealment Unclear risk No description provided

(selection bias)

Blinding (performance High risk Study was not blinded to allow for adjustments in dose throughout the trial

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk Withdrawals were similar across all groups

(attrition bias)

All outcomes

Selective reporting (re- Low risk All key outcomes were included

porting bias)
The aim of this study was to compare bone mineral density across the two
treatments

Other bias Low risk No additional sources of bias were identified

CDAI = Crohn's Disease Activity Index

CIR =controlled-ileal release

IBDQ = Inflammatory Bowel Disease Questionnaire

CD =Crohn's disease

ACTH = Adrenocorticotropic hormone
DXA = Dual-energy X-ray absorptiometry

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Dignass 2014

Induction trial

Ecker 2003 Treatment group only, no control group
Purpose of the study was to evaluate the effect of budesonide on ileostomy output
Green 2001 Fixed versus flexible dose budesonide
No non-budesonide control group was included
Levine 2009 Induction trial
Pohl 1997 Review of two included clinical trials (Greenberg 1996; Lofberg 1996)
Budesonide for maintenance of remission in Crohn's disease (Review) 38
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Study Reason for exclusion

Sandborn 2005 Systematic review and meta-analysis of previously published controlled clinical trials
Suzuki 2013 Induction trial
Tromm 2011 Induction trial

Characteristics of ongoing studies [ordered by study ID]

NCT01453946

Trial name or title Safety and maintenance study of entocort for children with Crohn's disease

Methods Open-label, single group study

Participants Children aged 5-17 years with Crohn's disease in remission (PCDAI < 10)

Interventions Budesonide 6 mg daily

Outcomes Safety profile, in terms of adverse events, clinical laboratory evaluations, physical examinations,
including evaluation of glucocorticosteroid-related side effects, hypothalamic-pituitary-adrenal
axis, and vital signs

Starting date December 2011

Contact information Not provided

Notes Study was completed in February 2014

Results are not yet available

PCDAI = Pediatric Crohn's disease activity index

DATA AND ANALYSES

Comparison 1. Budesonide 6 mg vs placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Maintenance of clinical remission 6 Risk Ratio (M-H, Random, 95%  Subtotals only
Cl)

1.1 3 months 6 540 Risk Ratio (M-H, Random, 95%  1.25[1.00, 1.58]
Cl)

1.2 6 months 5 420 Risk Ratio (M-H, Random, 95%  1.15[0.95, 1.39]
Cl)

1.3 12 months 5 420 Risk Ratio (M-H, Random, 95%  1.13[0.94, 1.35]
Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.4 Subgroup (Budesonide Induc- 4 290 Risk Ratio (M-H, Random, 95%  1.23[1.00, 1.52]

tion) - 3 months Cl)

1.5 Subgroup (Medical Induction)- 5 410 Risk Ratio (M-H, Random, 95%  1.36[1.11, 1.68]

3 months Cl)

1.6 Subgroup (Medical Induction) - 4 290 Risk Ratio (M-H, Random, 95%  1.29[1.00, 1.67]

12 months Cl)

2 Change in CDAI from baseline 5 Mean Difference (IV, Random, Subtotals only
95% Cl)

2.1 Change after 3 months of treat- 5 420 Mean Difference (IV, Random, -15.06 [-36.04, 5.93]

ment 95% Cl)

2.2 Change after 6 months of treat- 5 420 Mean Difference (IV, Random, -24.30 [-46.31,

ment 95% Cl) -2.29]

2.3 Change after 12 months of 5 420 Mean Difference (IV, Random, -23.49 [-46.65,

treatment 95% Cl) -0.32]

2.4 Subgroup (Medical Induction) - 4 290 Mean Difference (IV, Random, -25.27 [-43.61,

3 months 95% Cl) -6.94]

2.5 Subgroup (Medical Induction) - 4 290 Mean Difference (IV, Random, -36.56 [-55.50,

6 months 95% Cl) -17.62]

2.6 Subgroup (Medical Induction) - 4 290 Mean Difference (IV, Random, -34.76 [-55.42,

12 months 95% Cl) -14.10]

3 Mean Time to Relapse (Days) 4 171 Mean Difference (IV, Random, 59.93[19.02,
95% Cl) 100.84]

4 Withdrawals due to Treatment 6 538 Risk Ratio (M-H, Random, 95%  0.75[0.55, 1.03]

Failure Cl)

5 Proportion of Patients with 5 419 Risk Ratio (M-H, Random, 95%  1.51[0.90, 2.52]

Treatment-Related Adverse Events Cl)

at 12 Months

6 Withdrawals due to Adverse 5 466 Risk Ratio (M-H, Random, 95%  1.08 [0.60, 1.95]

Events Cl)

7 Abnormal ACTH Stimulation Test 4 295 Risk Ratio (M-H, Random, 95%  2.72[1.62, 4.58]

Cl)

Budesonide for maintenance of remission in Crohn's disease (Review)
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Analysis 1.1. Comparison 1 Budesonide 6 mg vs placebo, Outcome 1 Maintenance of clinical remission.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 6 mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

1.1.1 3 months

Cortot 2001 40/60 21/60 I a— 16.35% 1.9[1.29,2.81]
Ferguson 1998 15/22 16/27 — 15.02% 1.15[0.75,1.76]
Greenberg 1996 19/36 15/36 —_— 12.64% 1.27[0.77,2.08]
Hanauer 2005 33/55 29/55 — T 18.8% 1.14[0.82,1.58]
Hellers 1999 44/63 49/67 —— 24.15% 0.95[0.77,1.19]
Lofberg 1996 22/32 12/27 Tt 13.03% 1.55[0.96,2.51]
Subtotal (95% CI) 268 272 N 100% 1.25[1,1.58]

Total events: 173 (Budesonide 6 mg), 142 (Placebo)
Heterogeneity: Tau?=0.04; Chi?=11.49, df=5(P=0.04); 1*=56.48%
Test for overall effect: Z=1.94(P=0.05)

1.1.2 6 months

Ferguson 1998 14/22 16/27 e . — 15.46% 1.07[0.69,1.67]
Greenberg 1996 16/36 14/36 B S 10.73% 1.14[0.66,1.98]
Hanauer 2005 31/55 22/55 T 18.52% 1.41[0.95,2.1]
Hellers 1999 46/63 49/67 —— 44.94% 1[0.81,1.23]
Lofberg 1996 20/32 10/27 . 10.34% 1.69[0.96,2.96]
Subtotal (95% Cl) 208 212 . 100% 1.15[0.95,1.39]

Total events: 127 (Budesonide 6 mg), 111 (Placebo)
Heterogeneity: Tau?=0.01; Chi*=4.96, df=4(P=0.29); 1>=19.33%
Test for overall effect: Z=1.46(P=0.14)

1.1.3 12 months

Ferguson 1998 13/22 14/27 I 12.69% 1.14[0.69,1.88]
Greenberg 1996 14/36 12/36 —_—— 8.42% 1.17[0.63,2.16]
Hanauer 2005 31/55 21/55 —— 19.2% 1.48[0.98,2.22]
Hellers 1999 41/63 44/67 —— 51.2% 0.99[0.77,1.27]
Lofberg 1996 15/32 10/27 —_—— 8.49% 1.27[0.68,2.34]
Subtotal (95% Cl) 208 212 - 100% 1.13[0.94,1.35]

Total events: 114 (Budesonide 6 mg), 101 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.96, df=4(P=0.56); 1>=0%
Test for overall effect: Z=1.31(P=0.19)

1.1.4 Subgroup (Budesonide Induction) - 3 months

Ferguson 1998 15/22 16/27 e . — 24.12% 1.15[0.75,1.76]
Greenberg 1996 19/36 15/36 —_—T—— 17.66% 1.27[0.77,2.08]
Hanauer 2005 33/55 29/55 — 39.61% 1.14[0.82,1.58]
Lofberg 1996 22/32 12/27 — 18.61% 1.55[0.96,2.51]
Subtotal (95% Cl) 145 145 N 100% 1.23[1,1.52]

Total events: 89 (Budesonide 6 mg), 72 (Placebo)
Heterogeneity: Tau?=0; Chi*=1.2, df=3(P=0.75); I>=0%
Test for overall effect: Z=1.96(P=0.05)

1.1.5 Subgroup (Medical Induction) - 3 months

Cortot 2001 40/60 21/60 . — 22.1% 1.9[1.29,2.81]
Ferguson 1998 15/22 16/27 —_— 19.29% 1.15[0.75,1.76]
Greenberg 1996 19/36 15/36 —_— 14.92% 1.27[0.77,2.08]
Hanauer 2005 33/55 29/55 . — 28.09% 1.14[0.82,1.58]
Favours placebo 05 07 1 15 2 Favours budesonide
Budesonide for maintenance of remission in Crohn's disease (Review) 41
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Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 6 mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Lofberg 1996 22/32 12/27 T 15.6% 1.55[0.96,2.51]
Subtotal (95% CI) 205 205 - 100% 1.36[1.11,1.68]

Total events: 129 (Budesonide 6 mg), 93 (Placebo)
Heterogeneity: Tau?=0.01; Chi*=5.04, df=4(P=0.28); 1>=20.58%
Test for overall effect: Z=2.91(P=0)

1.1.6 Subgroup (Medical Induction) - 12 months

Ferguson 1998 13/22 14/27 —_— T 26% 1.14[0.69,1.88]
Greenberg 1996 14/36 12/36 —_— T 17.26% 1.17[0.63,2.16]
Hanauer 2005 31/55 21/55 — 39.35% 1.48[0.98,2.22]
Lofberg 1996 15/32 10/27 — T 17.4% 1.27[0.68,2.34]
Subtotal (95% Cl) 145 145 S 100% 1.29[1,1.67]

Total events: 73 (Budesonide 6 mg), 57 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.76, df=3(P=0.86); 1>=0%
Test for overall effect: Z=1.95(P=0.05)

Favours placebo 05 07 1 15 2 Favours budesonide

Analysis 1.2. Comparison 1 Budesonide 6 mg vs placebo, Outcome 2 Change in CDAI from baseline.

Study or subgroup Budesonide 6 mg Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.2.1 Change after 3 months of treatment
Ferguson 1998 22 4(66.3) 27 30(77.9) —_— T 16.67% -26[-66.41,14.41]
Greenberg 1996 36 39 (75.7) 36 82(86.3) . a— 18.24% -43[-80.5,-5.5]
Hanauer 2005 55 31(80.1) 55 56 (84.9) —_— 22.47% -25[-55.85,5.85]
Hellers 1999 63 -12 (78.7) 67 -25(72.2) R 26.15% 13[-13.01,39.01]
Lofberg 1996 32 30 (64.7) 27 34(90.4) — 16.47% -4[-44.82,36.82]
Subtotal *** 208 212 - 100% -15.06[-36.04,5.93]
Heterogeneity: Tau?=262.2; Chi*=7.46, df=4(P=0.11); 1*=46.38%
Test for overall effect: Z=1.41(P=0.16)
1.2.2 Change after 6 months of treatment
Ferguson 1998 22 5(62.7) 27 29 (78.8) e 17.85% -24[-63.62,15.62]
Greenberg 1996 36 49 (80.3) 36 85(99.2) —_— 16.81% -36[-77.69,5.69]
Hanauer 2005 55 34 (81.7) 55 81(79.8) e — 23.57% -47[-77.18,-16.82]
Hellers 1999 63 -12(76.9) 67 -18(72.8) — T 26.79% 6[-19.77,31.77]
Lofberg 1996 32 42 (67.9) 27 72(103.9) e S 14.98% -30[-75.72,15.72]
Subtotal *** 208 212 e 100% -24.3[-46.31,-2.29]
Heterogeneity: Tau?=297.75; Chi*=7.73, df=4(P=0.1); 1*=48.25%
Test for overall effect: Z=2.16(P=0.03)
1.2.3 Change after 12 months of treatment
Ferguson 1998 22 7(70.2) 27 60(93.1) ——+—— 16.69% -53[-98.73,-7.27]
Greenberg 1996 36 80 (114.3) 36 95 (104.9) T 14.54% -15[-65.68,35.68]
Hanauer 2005 55 38(82.4) 55 84 (85.8) I 25.41% -46[-77.44,-14.56]
Hellers 1999 63 -5(85.8) 67 -7 (85) e a— 27% 2[-27.39,31.39]
Lofberg 1996 32 61(70.4) 27 69 (104.8) — ¢ 16.36% -8[-54.44,38.44]
Subtotal *** 208 212 e = 100% -23.49[-46.65,-0.32]
Favours budesonide ~ -100 -50 0 50 100 Favours placebo
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Study or subgroup Budesonide 6 mg Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Heterogeneity: Tau?=292.44; Chi*=6.98, df=4(P=0.14); 1>=42.72%
Test for overall effect: Z=1.99(P=0.05)
1.2.4 Subgroup (Medical Induction) - 3 months
Ferguson 1998 22 4(66.3) 27 30 (77.9) —_— 20.59% -26[-66.41,14.41]
Greenberg 1996 36 39 (75.7) 36 82(86.3) . — 23.91% -43[-80.5,-5.5]
Hanauer 2005 55 31(80.1) 55 56 (84.9) — 35.32% -25[-55.85,5.85]
Lofberg 1996 32 30 (64.7) 27 34(90.4) — 20.18% -4[-44.82,36.82]
Subtotal *** 145 145 100% -25.27[-43.61,-6.94]
Heterogeneity: Tau?=0; Chi*=1.9, df=3(P=0.59); 1>=0%
Test for overall effect: Z=2.7(P=0.01)
1.2.5 Subgroup (Medical Induction) - 6 months
Ferguson 1998 22 5(62.7) 27 29 (78.8) —_— 22.84% -24[-63.62,15.62]
Greenberg 1996 36 49 (80.3) 36 85(99.2) — % 20.63% -36[-77.69,5.69]
Hanauer 2005 55 34(81.7) 55 81(79.8) —— 39.37% -47[-77.18,-16.82]
Lofberg 1996 32 42 (67.9) 27 72(103.9) —_— 17.16% -30[-75.72,15.72]
Subtotal *** 145 145 e 100% -36.56[-55.5,-17.62]
Heterogeneity: Tau?=0; Chi?=0.93, df=3(P=0.82); 1>=0%
Test for overall effect: Z=3.78(P=0)
1.2.6 Subgroup (Medical Induction) - 12 months
Ferguson 1998 22 7(70.2) 27 60(93.1) ———%—— 20.41% -53[-98.73,-7.27]
Greenberg 1996 36 80 (114.3) 36 95 (104.9) — T 16.62% -15[-65.68,35.68]
Hanauer 2005 55 38(82.4) 55 84 (85.8) —— 43.18% -46[-77.44,-14.56]
Lofberg 1996 32 61(70.4) 27 69 (104.8) . E— 19.79% -8[-54.44,38.44]
Subtotal *** 145 145 P 100% -34.76[-55.42,-14.1]
Heterogeneity: Tau?=0; Chi*=2.96, df=3(P=0.4); I>=0%
Test for overall effect: Z=3.3(P=0) ‘ ‘ ‘ ‘
Favours budesonide  -100 -50 0 50 100

Favours placebo

Analysis 1.3. Comparison 1 Budesonide 6 mg vs placebo, Outcome 3 Mean Time to Relapse (Days).

Study or subgroup Budesonide 6 mg Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Ferguson 1998 12 152 (103) 15 146 (118) + 15.6% 6(-77.44,89.44]
Greenberg 1996 23 126 (84) 24 59 (77) ——=—) 2839% 67[20.88,113.12]
Hanauer 2005 26 117 (96) 32 83 (75) —_ 28.83% 34[-11.13,79.13]
Lofberg 1996 22 189 (95) 17 78 (60) —) 2718% 111[62.12,159.88]
Total *** 83 88 —l— 100% 59.93[19.02,100.84]

Heterogeneity: Tau?=980.72; Chi*=7.11, df=3(P=0.07); 1>=57.81%
Test for overall effect: Z=2.87(P=0)

Favours placebo

-100

-50

Favours budesonide
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Analysis 1.4. Comparison 1 Budesonide 6 mg vs placebo, Outcome 4 Withdrawals due to Treatment Failure.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 6 mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Cortot 2001 13/59 32/59 —_— 16.64% 0.41[0.24,0.69]
Ferguson 1998 10/22 14/27 — 15.21% 0.88[0.49,1.57]
Greenberg 1996 21/36 23/36 —— 22.13% 0.91[0.63,1.32]
Hanauer 2005 13/55 23/55 —— 15.66% 0.57[0.32,1]
Hellers 1999 14/63 10/67 s — 11.67% 1.49[0.71,3.11]
Lofberg 1996 15/32 17/27 — 18.68% 0.74[0.47,1.19]
Total (95% CI) 267 271 o 100% 0.75[0.55,1.03]
Total events: 86 (Budesonide 6 mg), 119 (Placebo)
Heterogeneity: Tau?=0.08; Chi*=10.84, df=5(P=0.05); 1*=53.88%
Test for overall effect: Z=1.79(P=0.07) ‘ ‘ ‘ ‘ ‘ ‘
Placebo withdrawals 01 02 0.5 1 2 5 10 Bud withdrawals

Analysis 1.5. Comparison 1 Budesonide 6 mg vs placebo, Outcome 5
Proportion of Patients with Treatment-Related Adverse Events at 12 Months.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 6 mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ferguson 1998 4/22 4/27 e 12.86% 1.23[0.35,4.35]
Greenberg 1996 12/36 4/36 . S— 17.45% 3[1.07,8.43]
Hanauer 2005 14/55 15/55 —a— 31.65% 0.93[0.5,1.74]
Hellers 1999 10/63 9/67 e B E— 23.21% 1.18[0.51,2.72]
Lofberg 1996 12/32 3/26 *’ 14.83% 3.25[1.02,10.31]
Total (95% CI) 208 211 A 100% 1.51[0.9,2.52]
Total events: 52 (Budesonide 6 mg), 35 (Placebo)
Heterogeneity: Tau?=0.11; Chi?>=6.05, df=4(P=0.2); 1*=33.86%
Test for overall effect: Z=1.57(P=0.12)
Placebo events 01 0.2 0.5 1 2 5 10 Budesonide events

Analysis 1.6. Comparison 1 Budesonide 6 mg vs placebo, Outcome 6 Withdrawals due to Adverse Events.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 6 mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Cortot 2001 4/59 2/59 —_— 12.66% 2[0.38,10.5]
Ferguson 1998 1/22 0/27 3.5% 3.65[0.16,85.46]
Hanauer 2005 10/55 10/55 —— 55.4% 1[0.45,2.21]
Hellers 1999 5/63 5/67 — 24.55% 1.06[0.32,3.5]
Lofberg 1996 0/32 221 4 3.88% 0.17[0.01,3.39]
Total (95% Cl) 231 235 2 100% 1.08[0.6,1.95]
Total events: 20 (Budesonide 6 mg), 19 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.61, df=4(P=0.62); 1>=0%
Placebo withdrawals ~ 0.01 0.1 1 10 100 Bud withdrawals
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Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 6 mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Test for overall effect: Z=0.26(P=0.79)

Placebo withdrawals ~ 0-01 0.1 1 10 100 Bud withdrawals

Analysis 1.7. Comparison 1 Budesonide 6 mg vs placebo, Outcome 7 Abnormal ACTH Stimulation Test.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio

onide 6 mg

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Ferguson 1998 3/16 3/18 + 12.86% 1.13[0.26,4.8]
Greenberg 1996 22/36 7/36 —i— 53.16% 3.14[1.54,6.42]
Hellers 1999 11/63 5/67 B I — 27.13% 2.34[0.86,6.36]
Lofberg 1996 10/32 1/27 4’ 6.84% 8.44[1.15,61.77]
Total (95% CI) 147 148 - 100% 2.72[1.62,4.58]
Total events: 46 (Budesonide 6 mg), 16 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.97, df=3(P=0.4); 1>=0%
Test for overall effect: Z=3.77(P=0)

Placebo group abnorm 01 02 0.5 1 2 5 10 Bud group abnorm

Comparison 2. Budesonide 3 mg vs placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Maintenance of Clinical Re- 5 Risk Ratio (M-H, Random, 95% Cl) Subtotals only

mission

1.1 3 months 4 263 Risk Ratio (M-H, Random, 95% Cl) 1.29[1.01,1.63]

1.2 6 months 3 180 Risk Ratio (M-H, Random, 95% Cl) 1.12[0.83,1.51]

1.3 12 months 5 442 Risk Ratio (M-H, Random, 95% Cl) 1.08[0.87,1.34]

1.4 Subgroup (pH-modified 2 262 Risk Ratio (M-H, Random, 95% Cl) 1.13[0.84,1.51]

Form) - 12 months

1.5 Subgroup (CIR Form) - 12 3 180 Risk Ratio (M-H, Random, 95% Cl) 1.00[0.70, 1.42]
months
1.6 Subgroup (Medical Induc- 3 180 Risk Ratio (M-H, Random, 95% Cl) 1.22[0.93, 1.60]

tion) - 3 months

1.7 Subgroup (Medical Induc- 4 359 Risk Ratio (M-H, Random, 95% Cl) 0.98[0.75, 1.28]
tion) - 12 months

2 Change in CDAI from base- 4 Mean Difference (IV, Random, 95%  Subtotals only
line Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2.13 months 4 359 Mean Difference (IV, Random, 95%  -0.27 [-15.19, 14.66]
Cl)

2.2 6 months 4 359 Mean Difference (IV, Random,95%  -4.70[-17.99, 8.60]
Cl)

2.3 12 months 4 359 Mean Difference (IV, Random,95%  17.66 [-3.07, 38.39]
Cl)

3 Mean Time to Relapse (days) 5 340 Mean Difference (IV, Random, 95%  30.80 [8.88, 52.71]
cl

4 Withdrawals due to Treat- 5 442 Risk Ratio (M-H, Random, 95% Cl) 1.02[0.84,1.23]

ment Failure

5 Proportion of Patients with 5 440 Risk Ratio (M-H, Random, 95% Cl) 1.19[0.63,2.24]

Treatment-Related Adverse

Events at 12 Months

6 Withdrawals due to Adverse 4 373 Risk Ratio (M-H, Random, 95% Cl) 0.66[0.20, 2.17]

Events

7 Abnormal ACTH Stimulation 3 164 Risk Ratio (M-H, Random, 95% Cl) 1.89[0.76, 4.69]

Test

Analysis 2.1. Comparison 2 Budesonide 3 mg vs placebo, Outcome 1 Maintenance of Clinical Remission.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide3mg
n/N M-H, Random, 95% CI M-H, Random, 95% Cl
2.1.1 3 months
Ewe 1999 23/43 14/40 T 22.16% 1.53[0.92,2.53]
Ferguson 1998 18/26 16/27 —i— 34.71% 1.17[0.78,1.75]
Greenberg 1996 17/33 15/36 —T 21.91% 1.24[0.74,2.06]
Lofberg 1996 18/31 12/27 T 21.22% 1.31[0.78,2.19]
Subtotal (95% CI) 133 130 @ 100% 1.29[1.01,1.63]
Total events: 76 (Budesonide 3 mg), 57 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.71, df=3(P=0.87); I*=0%
Test for overall effect: Z=2.07(P=0.04)
2.1.2 6 months
Ferguson 1998 18/26 16/27 —l— 53.85% 1.17[0.78,1.75]
Greenberg 1996 12/33 14/36 — 23.71% 0.94[0.51,1.72]
Lofberg 1996 14/31 10/27 i 22.44% 1.22[0.65,2.28]
Subtotal (95% CI) 90 90 - 100% 1.12[0.83,1.51]
Total events: 44 (Budesonide 3 mg), 40 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.46, df=2(P=0.8); 1>=0%
Test for overall effect: Z=0.74(P=0.46)
2.1.312 months
Favours placebo 01 02 0.5 1 2 5 10 Favours budesonide
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Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 3mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ewe 1999 29/43 21/40 —— 35.22% 1.28[0.9,1.84]
Ferguson 1998 15/26 14/27 — T 19.04% 1.11[0.68,1.82]
Greenberg 1996 8/33 12/36 I 7.93% 0.73[0.34,1.55]
Gross 1998 28/84 33/95 —— 27.35% 0.96[0.64,1.44]
Lofberg 1996 12/31 10/27 L e— 10.45% 1.05[0.54,2.03]
Subtotal (95% Cl) 217 225 <> 100% 1.08[0.87,1.34]
Total events: 92 (Budesonide 3 mg), 90 (Placebo)
Heterogeneity: Tau?=0; Chi?=2.37, df=4(P=0.67); 1>=0%
Test for overall effect: Z=0.7(P=0.48)
2.1.4 Subgroup (pH-modified Form) - 12 months
Ewe 1999 29/43 21/40 1 55.43% 1.28[0.9,1.84]
Gross 1998 28/84 33/95 —— 44.57% 0.96[0.64,1.44]
Subtotal (95% Cl) 127 135 b 100% 1.13[0.84,1.51]
Total events: 57 (Budesonide 3 mg), 54 (Placebo)
Heterogeneity: Tau?=0.01; Chi*=1.16, df=1(P=0.28); 1>=13.59%
Test for overall effect: Z=0.81(P=0.42)
2.1.5 Subgroup (CIR Form) - 12 months
Ferguson 1998 15/26 14/27 —i— 50.88% 1.11[0.68,1.82]
Greenberg 1996 8/33 12/36 S 21.2% 0.73[0.34,1.55]
Lofberg 1996 12/31 10/27 s 27.93% 1.05[0.54,2.03]
Subtotal (95% Cl) 90 90 - 100% 1[0.7,1.42]
Total events: 35 (Budesonide 3 mg), 36 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.9, df=2(P=0.64); 1>=0%
Test for overall effect: Z=0(P=1)
2.1.6 Subgroup (Medical Induction) - 3 months
Ferguson 1998 18/26 16/27 —— 44.59% 1.17[0.78,1.75]
Greenberg 1996 17/33 15/36 —T 28.15% 1.24[0.74,2.06]
Lofberg 1996 18/31 12/27 —T 27.26% 1.31[0.78,2.19]
Subtotal (95% Cl) 20 20 @ 100% 1.22[0.93,1.6]
Total events: 53 (Budesonide 3 mg), 43 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.12, df=2(P=0.94); 1>=0%
Test for overall effect: Z=1.47(P=0.14)
2.1.7 Subgroup (Medical Induction) - 12 months
Ferguson 1998 15/26 14/27 — 29.4% 1.11[0.68,1.82]
Greenberg 1996 8/33 12/36 e 12.25% 0.73[0.34,1.55]
Gross 1998 28/84 33/95 + 42.22% 0.96[0.64,1.44]
Lofberg 1996 12/31 10/27 —“_ 16.14% 1.05[0.54,2.03]
Subtotal (95% Cl) 174 185 ‘ 100% 0.98[0.75,1.28]
Total events: 63 (Budesonide 3 mg), 69 (Placebo)
Heterogeneity: Tau?=0; Chi?=0.91, df=3(P=0.82); 1>=0%
Test for overall effect: Z=0.13(P=0.89) ‘ ‘ ‘ ‘ ‘ ‘
Favours placebo 01 02 0.5 1 2 5 10 Favours budesonide
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Analysis 2.2. Comparison 2 Budesonide 3 mg vs placebo, Outcome 2 Change in CDAI from baseline.

Study or subgroup Budesonide 3 mg Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
2.2.1 3 months
Ferguson 1998 26 41 (67.6) 27 30 (77.9) D e e— 14.48% 11[-28.23,50.23]
Greenberg 1996 33 59 (76.3) 36 82(86.3) . S— — 15.13% -23[-61.37,15.37]
Gross 1998 84 31.3(66) 95  25.9(67.8) —— 57.85% 5.4[-14.22,25.02]
Lofberg 1996 31 22 (70.4) 27 34(90.4) —‘—’— 12.54% -12[-54.15,30.15]
Subtotal *** 174 185 ‘ 100% -0.27[-15.19,14.66]
Heterogeneity: Tau?=0; Chi*=2.28, df=3(P=0.52); 1>=0%
Test for overall effect: Z=0.04(P=0.97)
2.2.2 6 months
Ferguson 1998 26 46 (82.8) 27 29(78.8) s s — 9.32% 17[-26.56,60.56]
Greenberg 1996 33 93(99.2) 36 85(99.2) R T S— 8.05% 8[-38.86,54.86]
Gross 1998 84 134(444) 95  20.1(60.6) - 74.1% -6.7-22.15,8.75]
Lofberg 1996 31 49 (65.9) 27 72 (103.9) —‘—’— 8.52% -23([-68.55,22.55]
Subtotal *** 174 185 ‘ 100% -4.7[-17.99,8.6]
Heterogeneity: Tau?=0; Chi*=1.92, df=3(P=0.59); 1>=0%
Test for overall effect: Z=0.69(P=0.49)
2.2.312 months
Ferguson 1998 26 68 (86.5) 27 60 (93.1) A 15.6% 8[-40.35,56.35]
Greenberg 1996 33 113(92.7) 36 95 (104.9) R 16.58% 18[-28.63,64.63]
Gross 1998 84  30.9(86.1) 95 -0.7 (44.4) —— 51.36% 31.6[11.14,52.06]
Lofberg 1996 31 52(71.3) 27 69 (104.8) ——T 16.47% -17[-63.82,29.82]
Subtotal *** 174 185 - 100% 17.66[-3.07,38.39]
Heterogeneity: Tau?=108.86; Chi*>=3.85, df=3(P=0.28); 1>=22.16%
Test for overall effect: Z=1.67(P=0.1) ‘ ‘ ‘ ‘

Favours budesonide  -100 -50 0 50 100 Favours placebo

Analysis 2.3. Comparison 2 Budesonide 3 mg vs placebo, Outcome 3 Mean Time to Relapse (days).

Study or subgroup Budesonide 3 mg Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Ewe 1999 23 196 (139) 22 154 (136) + # 7.37% 42[-38.35,122.35]
Ferguson 1998 13 130 (96) 15 146 (118) + 7.56% -16[-95.3,63.3]
Greenberg 1996 23 115 (96) 24 59 (77) 4‘—’ 18.85% 56[6.12,105.88]
Gross 1998 84 1235 95 106.7 (93.6) —a— 47.29% 16.8[-14.13,47.73]
(114.8)

Lofberg 1996 2 133(102) 17 78 (60) ——)  1892% 55[5.21,104.79]

Total *** 167 173 - 100% 30.8[8.88,52.71]
Heterogeneity: Tau?=15.21; Chi*=4.09, df=4(P=0.39); 1?=2.13%
Test for overall effect: Z=2.75(P=0.01)

Favours placebo  -100 -50 0 50 100 Favours budesonide
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Analysis 2.4. Comparison 2 Budesonide 3 mg vs placebo, Outcome 4 Withdrawals due to Treatment Failure.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio

onide 3mg

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ewe 1999 3/43 7/40 2.2% 0.4[0.11,1.44]
Ferguson 1998 11/26 14/27 — 10.65% 0.82[0.46,1.45]
Greenberg 1996 19/33 23/36 — - 23.63% 0.9[0.61,1.32]
Gross 1998 46/84 44/95 i 39.35% 1.18[0.88,1.58]
Lofberg 1996 21/31 17/27 — 24.17% 1.08[0.74,1.57]
Total (95% CI) 217 225 L 2 100% 1.02[0.84,1.23]
Total events: 100 (Budesonide 3 mg), 105 (Placebo)
Heterogeneity: Tau?=0; Chi*=4.16, df=4(P=0.38); 1*=3.9%
Test for overall effect: Z=0.18(P=0.86) ‘ ‘ ‘ ‘ ‘ ‘
Placebo withdrawals 01 02 0.5 1 2 5 10 Bud withdrawals

Analysis 2.5. Comparison 2 Budesonide 3 mg vs placebo, Outcome 5
Proportion of Patients with Treatment-Related Adverse Events at 12 Months.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 3mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ewe 1999 7/43 13/40 —_— 24.32% 0.5[0.22,1.13]
Ferguson 1998 9/26 4/27 L — 19.2% 2.34[0.82,6.66]
Greenberg 1996 8/33 4/36 e A— 18.15% 2.18[0.72,6.58]
Gross 1998 8/84 11/95 e p— 23.13% 0.82[0.35,1.95]
Lofberg 1996 6/30 3/26 + 15.2% 1.73[0.48,6.25]
Total (95% CI) 216 224 i 100% 1.19[0.63,2.24]
Total events: 38 (Budesonide 3 mg), 35 (Placebo)
Heterogeneity: Tau?=0.26; Chi?=8, df=4(P=0.09); 1?=49.97%
Test for overall effect: Z=0.54(P=0.59)
Placebo events 01 0.2 0.5 1 2 5 10 Budesonide events

Analysis 2.6. Comparison 2 Budesonide 3 mg vs placebo, Outcome 6 Withdrawals due to Adverse Events.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 3mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ewe 1999 1/43 1/40 4 » ) 18.97% 0.93[0.06,14.38]
Ferguson 1998 1/26 0/27 + ; 14.27% 3.11[0.13,73.09]
Gross 1998 2/84 4/95 L 50.89% 0.57[0.11,3.01]
Lofberg 1996 0/31 2021 44— 15.87% 0.18[0.01,3.49]
Total (95% Cl) 184 189 —— 100% 0.66[0.2,2.17]
Total events: 4 (Budesonide 3 mg), 7 (Placebo)
Heterogeneity: Tau?=0; Chi*=1.78, df=3(P=0.62); 1>=0%
Test for overall effect: Z=0.69(P=0.49)
Placebo withdrawals 0.1 0.2 0.5 1 2 5 10 Budwithdrawals
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Analysis 2.7. Comparison 2 Budesonide 3 mg vs placebo, Outcome 7 Abnormal ACTH Stimulation Test.

Study or subgroup Budes- Placebo Risk Ratio Weight Risk Ratio
onide 3mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ferguson 1998 2/19 3/18 - 23.19% 0.63[0.12,3.35]
Greenberg 1996 14/33 7/36 —E— 60.27% 2.18[1.01,4.73]
Lofberg 1996 6/31 1/27 + # 16.54% 5.23[0.67,40.72]
Total (95% Cl) 83 81 —~ i 100% 1.89[0.76,4.69]

Total events: 22 (Budesonide 3 mg), 11 (Placebo)
Heterogeneity: Tau?=0.2; Chi*=2.73, df=2(P=0.26); 1’=26.78%
Test for overall effect: Z=1.38(P=0.17)

w
-

Placebo group abnorm 0.1 02 0.5 1 2 0 Bud group abnorm

Comparison 3. Withdrawals due to Adverse Events

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Budesonide (any dose) vs placebo 7 772 Risk Ratio (M-H, Fixed, 95% 0.81[0.48, 1.36]
Cl)

Analysis 3.1. Comparison 3 Withdrawals due to Adverse Events, Outcome 1 Budesonide (any dose) vs placebo.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ewe 1999 1/43 1/40 } 3.74% 0.93[0.06,14.38]
Ferguson 1998 2/48 0/27 + 2.3% 2.86[0.14,57.42]
Greenberg 1996 3/69 3/36 e e m— 14.24% 0.52[0.11,2.46]
Gross 1998 2/84 4/95 — 13.56% 0.57[0.11,3.01]
Hanauer 2005 10/55 10/55 —8— 36.11% 1[0.45,2.21]
Hellers 1999 5/63 5/67 [ — 17.5% 1.06[0.32,3.5]
Lofberg 1996 0/63 2/27 4 12.56% 0.09[0,1.76]
Total (95% CI) 425 347 <@ 100% 0.81[0.48,1.36]
Total events: 23 (Treatment), 25 (Control)
Heterogeneity: Tau?=0; Chi*=3.76, df=6(P=0.71); 1>=0%
Test for overall effect: Z=0.8(P=0.43)

Placebo withdrawals ~ 0-01 0.1 1 10 100 Bud withdrawals
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Comparison 4. Budesonide 6 mgvs 3 mg

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1 Maintenance of Clinical Re- 3 Risk Ratio (M-H, Random, 95% Cl) Subtotals only

missions

1.1 3 months 3 180 Risk Ratio (M-H, Random, 95% Cl) 1.07[0.85,1.34]

1.2 6 months 3 180 Risk Ratio (M-H, Random, 95% Cl) 1.12[0.85, 1.47]

1.3 12 months 3 180 Risk Ratio (M-H, Random, 95% Cl) 1.18[0.85, 1.65]

2 Change in CDAI from base- 3 Mean Difference (IV, Random, 95%  Subtotals only

line Cl)

2.1 3 months 3 180 Mean Difference (IV, Random,95%  -15.11[-41.10, 10.88]
Cl)

2.2 6 months 3 180 Mean Difference (IV, Random, 95%  -27.44[-52.09, -2.79]
cl)

2.312 months 3 180 Mean Difference (IV, Random, 95%  -26.42 [-69.55, 16.70]
cl)

3 Mean Time to Relapse 3 117 Mean Difference (IV, Random, 95%  29.67 [-4.83, 64.18]

(days) Cl)

4 Withdrawals Due to Treat- 3 180 Risk Ratio (M-H, Random, 95% Cl) 0.89[0.68, 1.16]

ment Failure

5 Proportion of Patients with 3 179 Risk Ratio (M-H, Random, 95% Cl) 1.18[0.60, 2.32]

Treatment-Related Adverse

Events at 12 months

6 Withdrawals Due to Ad- 2 111 Risk Ratio (M-H, Random, 95% Cl) 1.18 [0.08, 17.82]

verse Events

7 Abnormal ACTH Stimula- 3 167 Risk Ratio (M-H, Random, 95% Cl) 1.49[1.00, 2.24]

tion Test

Analysis 4.1. Comparison 4 Budesonide 6 mg vs 3 mg, Outcome 1 Maintenance of Clinical Remissions.

Study or subgroup 6mg 3mg Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

4.1.1 3 months ‘

Ferguson 1998 15/22 18/26 36.51% 0.98[0.67,1.45]
Greenberg 1996 19/36 17/33 —+— 26.2% 1.02[0.65,1.61]
Lofberg 1996 22/32 18/31 —".— 37.29% 1.18[0.81,1.73]
Subtotal (95% Cl) 90 920 * 100% 1.07[0.85,1.34]
Total events: 56 (6 mg), 53 (3 mg) ‘

Heterogeneity: Tau?=0; Chi?=0.49, df=2(P=0.78); 1>=0% ‘

Test for overall effect: Z=0.54(P=0.59) ‘

Favours3mg 01 02 05 1 2 5 10 Favours6mg
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Study or subgroup 6mg 3mg Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
4.1.2 6 months
Ferguson 1998 14/22 18/26 —i— 44.76% 0.92[0.61,1.38]
Greenberg 1996 16/36 12/33 [ — 21.97% 1.22[0.68,2.18]
Lofberg 1996 20/32 14/31 -— 33.28% 1.38[0.86,2.22]
Subtotal (95% Cl) 20 20 > 100% 1.12[0.85,1.47]
Total events: 50 (6 mg), 44 (3 mg)
Heterogeneity: Tau?=0; Chi*=1.83, df=2(P=0.4); I>=0%
Test for overall effect: Z=0.82(P=0.41)
4.1.3 12 months
Ferguson 1998 13/22 15/26 —— 47.14% 1.02[0.63,1.65]
Greenberg 1996 14/36 8/33 —_ 20.33% 1.6[0.77,3.33]
Lofberg 1996 15/32 12/31 —r 32.52% 1.21[0.68,2.16]
Subtotal (95% CI) 90 90 - 100% 1.18[0.85,1.65]
Total events: 42 (6 mg), 35 (3 mg)
Heterogeneity: Tau?=0; Chi*=1.08, df=2(P=0.58); 1>=0%
Test for overall effect: Z=1.01(P=0.31) ‘ ‘ ‘ ‘ ‘ ‘
Favours3mg 01 02 0.5 1 2 5 10 Favours6mg

Analysis 4.2. Comparison 4 Budesonide 6 mg vs 3 mg, Outcome 2 Change in CDAI from baseline.

Study or subgroup 6mg 3mg Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
4.2.1 3 months
Ferguson 1998 22 4(66.3) 26 41 (67.6) — 30.77% -37[-74.98,0.98]
Greenberg 1996 36 39 (75.7) 33 59 (76.3) — 33.08% -20[-55.91,15.91]
Lofberg 1996 32 30 (64.7) 31 22 (70.4) — 36.15% 8[-25.41,41.41]
Subtotal *** 920 20 —a— 100% -15.11[-41.1,10.88]
Heterogeneity: Tau?=195.98; Chi*=3.18, df=2(P=0.2); 1*=37.11%
Test for overall effect: Z=1.14(P=0.25)
4.2.2 6 months
Ferguson 1998 22 5(62.7) 26 46 (82.8) —_— 29.74% -41[-82.23,0.23]
Greenberg 1996 36 49 (80.3) 33 93(99.2) — & 27.91% -44[-86.82,-1.18]
Lofberg 1996 32 42 (67.9) 31 49 (65.9) —— 42.35% -7[-40.04,26.04]
Subtotal *** 920 20 - 100% -27.44[-52.09,-2.79]

Heterogeneity: Tau?=89.26; Chi*=2.45, df=2(P=0.29); 1*=18.53%
Test for overall effect: Z=2.18(P=0.03)

4.2.3 12 months

Ferguson 1998 22 7(70.2) 26 68(865 4—=——— 32.48%

-61[-105.33,-16.67]

Greenberg 1996 36 80 (114.3) 33 113 (92.7) —_— 30.21% -33[-81.93,15.93]
Lofberg 1996 32 61 (70.4) 31 52(71.3) — 37.31% 9[-25.98,43.98]
Subtotal *** 20 20 ———— 100% -26.42[-69.55,16.7]
Heterogeneity: Tau?=979; Chi*=6.18, df=2(P=0.05); 1?=67.65%
Test for overall effect: Z=1.2(P=0.23)
Favours6mg -100 -50 0 50 100 Favours3mg
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Analysis 4.3. Comparison 4 Budesonide 6 mg vs 3 mg, Outcome 3 Mean Time to Relapse (days).

Study or subgroup Budesonide 6 mg Budesonide 3 mg Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
Ferguson 1998 12 152 (103) 13 130 (96) + ) 19.46% 22(-56.23,100.23]
Greenberg 1996 23 126 (84) 23 115 (96) —— 43.81% 11[-41.13,63.13]
Lofberg 1996 22 189 (95) 24 133(102) 4I—’ 36.73% 56[-0.93,112.93]
Total *** 57 60 el 100% 29.67[-4.83,64.18]
Heterogeneity: Tau?=0; Chi*=1.35, df=2(P=0.51); 1>=0%
Test for overall effect: Z=1.69(P=0.09)

‘»100 »;0 0 56 10(;

Favours 3 mg

Favours 6 mg

Analysis 4.4. Comparison 4 Budesonide 6 mg vs 3 mg, Outcome 4 Withdrawals Due to Treatment Failure.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ferguson 1998 10/22 11/26 —‘0— 17.72% 1.07[0.57,2.04]
Greenberg 1996 21/36 19/33 + 44.95% 1.01[0.68,1.52]
Lofberg 1996 15/32 21/31 —— 37.33% 0.69[0.44,1.08]
Total (95% CI) 90 90 o 100% 0.89[0.68,1.16]
Total events: 46 (Treatment), 51 (Control)
Heterogeneity: Tau?=0; Chi*=1.98, df=2(P=0.37); 1>=0%
Test for overall effect: Z=0.86(P=0.39)

6.1 012 015 1 ‘2 ;: 1(;

3 mg withdrawals

Analysis 4.5. Comparison 4 Budesonide 6 mg vs 3 mg, Outcome 5 Proportion

6 mg withdrawals

of Patients with Treatment-Related Adverse Events at 12 months.

Study or subgroup 6mg 3mg Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ferguson 1998 4/22 9/26 —_— 27.27% 0.53[0.19,1.47]
Greenberg 1996 12/36 8/33 —— 38.3% 1.38[0.64,2.94]
Lofberg 1996 12/32 6/30 e — 34.44% 1.88[0.81,4.36]
Total (95% Cl) 920 89 —~l— 100% 1.18[0.6,2.32]
Total events: 28 (6 mg), 23 (3 mg)
Heterogeneity: Tau?=0.16; Chi*=3.66, df=2(P=0.16); 1>=45.33%
Test for overall effect: Z=0.47(P=0.64)

3mgevents 01 02 0.5 1 2 5 10 emgevents
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Analysis 4.6. Comparison 4 Budesonide 6 mg vs 3 mg, Outcome 6 Withdrawals Due to Adverse Events.

Study or subgroup 6mg 3mg Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ferguson 1998 1/22 1/26 . 100% 1.18[0.08,17.82]
Lofberg 1996 0/32 0/31 Not estimable
Total (95% CI) 54 57 e — 100% 1.18[0.08,17.82]
Total events: 1 (6 mg), 1 (3 mg)
Heterogeneity: Not applicable
Test for overall effect: Z=0.12(P=0.9)

6,01 011 1 1‘0 101;

3 mg withdrawals

6 mg withdrawals

Analysis 4.7. Comparison 4 Budesonide 6 mg vs 3 mg, Outcome 7 Abnormal ACTH Stimulation Test.

Study or subgroup 6mg 3mg Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ferguson 1998 3/16 2/19 5.97% 1.78[0.34,9.38]
Greenberg 1996 22/36 14/33 —— 72.92% 1.44[0.9,2.32]
Lofberg 1996 10/32 6/31 —_— 21.11% 1.61[0.67,3.91]
Total (95% Cl) 84 83 - 100% 1.49[1,2.24]
Total events: 35 (6 mg), 22 (3 mg)
Heterogeneity: Tau?=0; Chi?=0.1, df=2(P=0.95); 1>=0%
Test for overall effect: Z=1.94(P=0.05)
3mgabnormaltest 01 02 0.5 1 2 5 10 gmgabnormaltest
Comparison 5. Budesonide 9 mgvs 6 mg
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Maintenance of Clinical Remission 1 157 Risk Ratio (M-H, Random, 95%  1.07 [0.91, 1.26]
cl
2 Change in CDAI from baseline 1 Mean Difference (IV, Random, Subtotals only
95% CI)
2.112 months 1 157 Mean Difference (IV, Random, -18.0[-41.06, 5.06]
95% CI)
3 Withdrawals Due to Treatment 1 157 Risk Ratio (M-H, Random, 95%  0.99[0.55, 1.78]
Failure Cl)
4 Proportion of Patients with Treat- 1 157 Risk Ratio (M-H, Random, 95%  1.12[0.89, 1.42]
ment-Related Adverse Events at 12 Cl)
Months
5 Withdrawals Due to Adverse 1 157 Risk Ratio (M-H, Random, 95%  0.31[0.03, 2.94]
Events Cl)
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Analysis 5.1. Comparison 5 Budesonide 9 mg vs 6 mg, Outcome 1 Maintenance of Clinical Remission.

Study or subgroup Img 6mg Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
de Jong 2007 66/81 58/76 . 100% 1.07[0.91,1.26)
Total (95% Cl) 81 76 100% 1.07[0.91,1.26]

Total events: 66 (9 mg), 58 (6 mg)
Heterogeneity: Not applicable
Test for overall effect: Z=0.79(P=0.43)

|
f
|
\

Favours 6 mg 2 5 10

Favours 9 mg

Analysis 5.2. Comparison 5 Budesonide 9 mg vs 6 mg, Outcome 2 Change in CDAI from baseline.
Study or subgroup Budesonide 9 mg Budesonide 6 mg Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
5.2.112 months
de Jong 2007 81 15 (72.8) 76 33(74.5) —.—- 100% -18[-41.06,5.06]
Subtotal *** 81 76 - 100% -18[-41.06,5.06]

Heterogeneity: Not applicable
Test for overall effect: Z=1.53(P=0.13)

Favours6 mg -100 -50 0 50

100 Favours9mg

Analysis 5.3. Comparison 5 Budesonide 9 mg vs 6 mg, Outcome 3 Withdrawals Due to Treatment Failure.

Study or subgroup Img 6mg Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

de Jong 2007 18/81 17/76 B 100% 0.99[0.55,1.78]
Total (95% CI) 81 76 ‘ 100% 0.99[0.55,1.78]
Total events: 18 (9 mg), 17 (6 mg) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.02(P=0.98) ‘

6 mg withdrawals 01 0.2 0.5 1 2 5 10 9mgwithdrawals

Analysis 5.4. Comparison 5 Budesonide 9 mg vs 6 mg, Outcome 4
Proportion of Patients with Treatment-Related Adverse Events at 12 Months.

Study or subgroup Budes- Budes- Risk Ratio Weight Risk Ratio
onide 9 mg onide 6 mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
de Jong 2007 55/81 46/76 . 100% 1.12[0.89,1.42]
Total (95% CI) 81 76 ’ 100% 1.12[0.89,1.42]
Total events: 55 (Budesonide 9 mg), 46 (Budesonide 6 mg) ‘
6mgevents 01 02 0.5 1 2 5 10 gmgevents
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Study or subgroup Budes- Budes- Risk Ratio Weight Risk Ratio
onide 9 mg onide 6 mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Heterogeneity: Not applicable
Test for overall effect: Z=0.96(P=0.34)

6mgevents 01 02 0.5 1 2 5 10 gmgevents

Analysis 5.5. Comparison 5 Budesonide 9 mg vs 6 mg, Outcome 5 Withdrawals Due to Adverse Events.

Study or subgroup Budes- Budes- Risk Ratio Weight Risk Ratio
onide 9 mg onide 6 mg
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
de Jong 2007 1/81 3/76 e 100% 0.31[0.03,2.94]
Total (95% Cl) 81 76 —— 100% 0.31[0.03,2.94]

Total events: 1 (Budesonide 9 mg), 3 (Budesonide 6 mg)
Heterogeneity: Not applicable
Test for overall effect: Z=1.02(P=0.31)

6 mg withdrawals 001 0.1 1 10 100 9 mg withdrawals

Comparison 6. Budesonide 9 mg/day vs prednisolone 40 mg/day (weaning)

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Maintenance of Clinical Re- 1 Risk Ratio (M-H, Random, 95% Cl) Subtotals only

mission

1.1 3 months 1 90 Risk Ratio (M-H, Random, 95% Cl) 0.81[0.60, 1.09]

1.2 6 months 1 90 Risk Ratio (M-H, Random, 95% Cl) 0.79[0.56, 1.12]

1.3 12 months 1 90 Risk Ratio (M-H, Random, 95% Cl) 0.79[0.55, 1.13]

2 Withdrawals Due to Treat- 1 90 Risk Ratio (M-H, Fixed, 95% Cl) 1.65[0.89, 3.06]

ment Failure

3 Withdrawals Due to Ad- 1 90 Risk Ratio (M-H, Fixed, 95% Cl) 8.62[0.48, 155.52]
verse Events

4 Abnormal ACTH Stimula- 1 69 Risk Ratio (M-H, Fixed, 95% CI) 0.60 [0.36, 1.00]
tion Test
Budesonide for maintenance of remission in Crohn's disease (Review) 56

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
q Li b rary Better health. Cochrane Database of Systematic Reviews
Analysis 6.1. Comparison 6 Budesonide 9 mg/day vs prednisolone
40 mg/day (weaning), Outcome 1 Maintenance of Clinical Remission.
Study or subgroup Bud id Prednisol Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
6.1.1 3 months ‘
Schoon 2005 27/46 32/44 — 100% 0.81{0.6,1.09]
Subtotal (95% CI) 46 a4 R 100% 0.81[0.6,1.09]
Total events: 27 (Budesonide), 32 (Prednisolone)
Heterogeneity: Not applicable
Test for overall effect: Z=1.39(P=0.16)
6.1.2 6 months
Schoon 2005 24/46 29/44 B 100% 0.79[0.56,1.12]
Subtotal (95% Cl) 46 a4 - 100% 0.79[0.56,1.12]
Total events: 24 (Budesonide), 29 (Prednisolone)
Heterogeneity: Not applicable
Test for overall effect: Z=1.31(P=0.19)
6.1.3 12 months
Schoon 2005 23/46 28/44 B 100% 0.79(0.55,1.13]
Subtotal (95% Cl) 46 a4 - 100% 0.79[0.55,1.13]

Total events: 23 (Budesonide), 28 (Prednisolone)
Heterogeneity: Not applicable
Test for overall effect: Z=1.29(P=0.2)

Favours prednisolone

Favours budesonide

Analysis 6.2. Comparison 6 Budesonide 9 mg/day vs prednisolone 40
mg/day (weaning), Outcome 2 Withdrawals Due to Treatment Failure.

Study or subgroup Bud id Prednisolone Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Schoon 2005 19/46 11/44 e 100% 1.65[0.89,3.06]
Total (95% Cl) 46 44 —— 100% 1.65[0.89,3.06]

Total events: 19 (Budesonide), 11 (Prednisolone)
Heterogeneity: Not applicable
Test for overall effect: Z=1.6(P=0.11)

Pred withdrawals

0.1 02 0.5 1 2 5 10

Bud withdrawals

Analysis 6.3. Comparison 6 Budesonide 9 mg/day vs prednisolone 40
mg/day (weaning), Outcome 3 Withdrawals Due to Adverse Events.

Study or subgroup Bud id Prednisol Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Schoon 2005 4/46 0/44 e 100% 8.62(0.48,155.52]
Total (95% Cl) 46 44 e — 100% 8.62[0.48,155.52]
Total events: 4 (Budesonide), 0 (Prednisolone)
Steroid withdrawals 001 0.1 1 10 100 Bud withdrawals
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Study or subgroup Bud id Prednisolone Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Heterogeneity: Not applicable
Test for overall effect: Z=1.46(P=0.14)

Steroid withdrawals 001 0.1 1 10 100 Bud withdrawals

Analysis 6.4. Comparison 6 Budesonide 9 mg/day vs prednisolone
40 mg/day (weaning), Outcome 4 Abnormal ACTH Stimulation Test.

Study or subgroup Bud id Prednisolone Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Schoon 2005 13/36 20/33 i 100% 0.6(0.36,1]
Total (95% ClI) 36 33 - 100% 0.6[0.36,1]

Total events: 13 (Budesonide), 20 (Prednisolone)
Heterogeneity: Not applicable
Test for overall effect: Z=1.97(P=0.05)

Pred Group Abnorm 0.1 02 0.5 1 2 5 10 Bud Group Abnorm
Comparison 7. Budesonide 6 mg vs mesalamine 3 g/day
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Maintenance of clinical remission 1 57 Risk Ratio (M-H, Random, 95%  2.51[1.03, 6.12]
cl
2 Withdrawals Due to Treatment 1 57 Risk Ratio (M-H, Random, 95%  0.67 [0.46, 0.97]
Failure Cl)

Analysis 7.1. Comparison 7 Budesonide 6 mg vs mesalamine 3 g/day, Outcome 1 Maintenance of clinical remission.

Study or subgroup Bud id Mesalamine Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Mantzaris 2003 13/29 5/28 - B 100% 2.51[1.03,6.12]
Total (95% CI) 29 28 —~— 100% 2.51[1.03,6.12]

Total events: 13 (Budesonide), 5 (Mesalamine)
Heterogeneity: Not applicable
Test for overall effect: Z=2.02(P=0.04)

Favours 5-ASA 0.1 02 0.5 1 2 5 10 Favours budesonide
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Analysis 7.2. Comparison 7 Budesonide 6 mg vs mesalamine
3 g/day, Outcome 2 Withdrawals Due to Treatment Failure.

Study or subgroup Bud id Mesalamine Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Mantzaris 2003 16/29 23/28 B 100% 0.67[0.46,0.97]
Total (95% CI) 29 28 - 100% 0.67[0.46,0.97]

Total events: 16 (Budesonide), 23 (Mesalamine)
Heterogeneity: Not applicable
Test for overall effect: Z=2.1(P=0.04)

5-ASA withdrawals

Bud withdrawals

Comparison 8. Budesonide 6-9 mg vs azathioprine 2.0-2.5 mg/kg/day

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Maintenance of clinical remis- 1 7 Risk Ratio (M-H, Random, 95% 0.81[0.61, 1.08]

sion Cl)

2 Mean time to relapse 1 7 Mean Difference (IV, Random, -58.0 [-96.68,

95% Cl) -19.32]

3 Withdrawals due to treatment 1 7 Risk Ratio (M-H, Random, 95% 2.27[0.98, 5.30]

failure Cl)

4 Withdrawls due to adverse 1 7 Risk Ratio (M-H, Random, 95% 0.19[0.01, 3.93]

events Cl)

Analysis 8.1. Comparison 8 Budesonide 6-9 mg vs azathioprine
2.0-2.5 mg/kg/day, Outcome 1 Maintenance of clinical remission.

Study or subgroup Budesonide Azathioprine Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Mantzaris 2009 25/39 30/38 -+ 100% 0.81[0.61,1.08]
Total (95% Cl) 39 38 100% 0.81[0.61,1.08]

Total events: 25 (Budesonide), 30 (Azathioprine)
Heterogeneity: Not applicable
Test for overall effect: Z=1.42(P=0.15)

Favours Budesonide

0.02

0.1

|
)
|
\

10 50 Favours Azathioprine
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Analysis 8.2. Comparison 8 Budesonide 6-9 mg vs azathioprine 2.0-2.5 mg/kg/day, Outcome 2 Mean time to relapse.

Study or subgroup Budesonide Azathioprine Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Mantzaris 2009 39 123 (43) 38 1101 —— 100% -58[-96.68,-19.32]
Total *** 39 38 —~ 100% -58[-96.68,-19.32]
Heterogeneity: Not applicable
Test for overall effect: Z=2.94(P=0)
Favours Azathioprine ~ -100 -50 0 50 100 Favours Budesonide

Analysis 8.3. Comparison 8 Budesonide 6-9 mg vs azathioprine
2.0-2.5 mg/kg/day, Outcome 3 Withdrawals due to treatment failure.

Study or subgroup Budesonide Azathioprine Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Mantzaris 2009 14/39 6/38 B 100% 2.27[0.98,5.3]
Total (95% Cl) 39 38 N 100% 2.27[0.98,5.3]

Total events: 14 (Budesonide), 6 (Azathioprine)
Heterogeneity: Not applicable
Test for overall effect: Z=1.9(P=0.06)

Favours Budesonide ~ 0-01 0.1 1 10 100

Favours Azathioprine

Analysis 8.4. Comparison 8 Budesonide 6-9 mg vs azathioprine
2.0-2.5 mg/kg/day, Outcome 4 Withdrawls due to adverse events.

Study or subgroup Budesonide Azathioprine Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Mantzaris 2009 0/39 s —J— 100% 0.2[0.01,3.93]
Total (95% Cl) 39 38 e — 100% 0.19[0.01,3.93]

Total events: 0 (Budesonide), 2 (Azathioprine)
Heterogeneity: Not applicable
Test for overall effect: Z=1.07(P=0.29)

Favours Budesonide ~ 0-01 0.1 1 10 100

APPENDICES

Appendix 1. Search strategies

Search sources
A. Electronic searching

PubMed

MEDLINE (1950 - June 2014)

EMBASE (1980 - June 2014)

Cochrane Central Register of Controlled Trials (June 2014)

el .

Favours Azathioprine
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5. Cochrane Inflammatory Bowel Disease and Functional Bowel Disorders (IBD/FBD) Group Specialised Trials Register
6. Ongoing trials were identified from the registry link http://ClinicalTrials.gov

B. Reference lists of trials and review articles identified using computer-assisted search (if electronic copies were available) and hand
searching.

C. Proceedings from major gastroenterology meetings
American Gastroenterology Association, British Society of Gastroenterology, and United European Gastroenterology Week were manually
searched from 2009 onwards.

Conference proceedings from Digestive Diseases Week were searched for 2009 using the Procite database of abstracts. Digestive Diseases
Week proceedings from 2010 onwards are referenced in EMBASE.

D. Pharmaceutical and personal contacts
Relevant pharmaceutical companies were contacted for further information.

Search terms
PubMed

The PubMed search strategy combined all disease and budesonide terms with those used to identify randomized controlled trials to create
the final set of keywords:

(crohn* ORIBD OR (inflammatory bowel disease*))
. (budesonide OR entocort OR glucocorticoid*)
(
(

singl* OR doubl* OR tripl* OR blind* OR mask* OR placebo* OR single-blind* OR double-blind* OR triple-blind* OR random* OR
controlled clinical))

4, 1and2and3
MEDLINE

The MEDLINE search strategy combined all disease and budesonide terms with those used to identify randomized controlled trials to create
the final set of keywords:

randomS$.tw

factorial$.tw

(crossover$ or cross over$ or cross-over$).tw
placebo$.tw

single blind.mp

double blind.mp

triple blind.mp

(singl$ adj blind$).tw

(double$ adj blind$).tw

10.(triple$ adj blind$).tw

11.assign$.tw

12.allocat$.tw

13.crossover procedure/

14.double blind procedure/

15.single blind procedure/

16.triple blind procedure/

17.randomized controlled trial/

18.0r/1-17

19.(exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)
20.18 not 19

21.budesonide.mp or exp budesonide/
22.glucocorticoid*.mp or exp glucocorticoid/
23.210r22

24.exp enteritis/ or inflammatory bowel disease*.mp or exp Crohn disease/

W e N WM

25.exp colon Crohn disease/ or crohn*.mp
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26.24 or 25
27.20 and 23 and 26

Additionally, articles currently being indexed for MEDLINE were identified using the following search strategy:
1. (crohn* OR CD OR IBD OR "inflammatory bowel disease*") AND (budesonide OR glucocorticoid*)
EMBASE

The EMBASE search strategy combined all disease and budesonide terms with those used to identify randomized controlled trials to create
the final set of keywords:

randomS$.tw

factorial$.tw

(crossovers$ or cross overs$ or cross-over$).tw
placeboS$.tw

single blind.mp

double blind.mp

triple blind.mp

(singl$ adj blind$).tw

. (doubl$ adj blind$).tw

10.(tripl$ adj blind$).tw

11.assign$.tw

12.allocat$.tw

13.crossover procedure/

14.double blind procedure/

15.single blind procedure/

16.triple blind procedure/

17.randomized controlled trial/

18.0r/1-17

19.(exp animal/ or animal.hw or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti)
20.18 not 19

21.budesonide.mp or exp budesonide/
22.glucocorticoid*.mp or exp glucocorticoid/
23.210r22

24.exp enteritis/ or inflammatory bowel disease*.mp or exp Crohn disease/
25.exp colon Crohn disease/ or crohn*.mp
26.24 or 25

27.20 and 23 and 26

e T A L R o

Cochrane Central Register of Controlled Trials

The Cochrane Central Register of Controlled Trials search strategy combined all disease and budesonide terms to create the final set of
keywords:

1. crohn* or (inflammatory bowel disease*) or IBD
2. budesonide or entocort or glucocorticoid*
3. 1land2

Procite
The Procite search strategy combined all disease and budesonide terms:
1. (crohn* or CD or IBD OR "inflammatory bowel disease*") AND (budesonide OR glucocorticoid*)

ClinicalTrials.gov

The ClinicalTrials.gov search strategy combined all disease and budesonide terms to create the final set of keywords:
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1. (crohn* OR "inflammatory bowel disease*" OR IBD OR CD) AND (budesonide OR glucocorticoid*)

WHAT'S NEW

Date Event Description

9 April 2020 Amended Correction of minor typographical error in the Abstract (main re-
sults). This does not affect the reporting of the results or the con-
clusions of the review.

HISTORY

Protocol first published: Issue 1,2001
Review first published: Issue 1,2001

Date Event Description

4 June 2015 Amended Correction of data extraction error for ACTH outcome
17 July 2014 New search has been performed New literature search conducted on June 12, 2014.
17 July 2014 New citation required but conclusions Updated review with some new authors

have not changed
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