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SUMMARY

Background
Budesonide and mesalazine (mesalamine) are commonly used in the medi-
cal management of patients with mild to moderate Crohn’s disease.

Aim
To assess their comparative efficacy and harm using the methodology of
network meta-analysis.

Methods
A comprehensive search of Medline, Embase, the Cochrane Library and
ClinicalTrials.gov, through October 2014, was performed to identify rando-
mised controlled trials (RCTs) that recruited adult patients with active or
quiescent Crohn’s disease, and compared budesonide or mesalazine with
placebo, or against each other, or different dosing strategies of one drug.

Results
Twenty-five RCTs were combined using Bayesian network meta-analysis.
Budesonide 9 mg/day, or at higher doses (15 or 18 mg/day), was shown
superior to placebo for induction of remission [odds ratio (OR), 2.93; 95%
credible interval (CrI), 1.52–5.39, and OR, 3.28; CrI, 1.46–7.55 respectively]
and ranks at the top of the hierarchy of the competing treatments. For
maintenance of remission, budesonide 6 mg/day demonstrated superiority
over placebo (OR, 1.69; CrI, 1.05–2.75), being also at the best ranking posi-
tion among all compared treatment strategies. No other comparisons (i.e.
different doses of mesalazine vs. placebo or budesonide, for induction or
maintenance of remission) reached significance. The occurrence of with-
drawals due to adverse events was not shown different between budesonide,
mesalazine and placebo, in both the induction and maintenance phases.

Conclusions
Budesonide, at the doses of 9 mg/day, or higher, for induction of remission
in active mild or moderate Crohn’s disease, and at 6 mg/day for mainte-
nance of remission, appears to be the best treatment choice.
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INTRODUCTION
Crohn’s disease is a chronic inflammatory condition of
the gastrointestinal tract characterised by transmural
inflammation, a discontinuous pattern of distribution, a
tendency to form fibrotic strictures and fistulas and peri-
ods of active disease alternating with periods of remis-
sion.1, 2 Though typically involving distal ileum,
ileocaecal region, colon and the perianal region, it can
affect any part of the digestive tract. The causes of
Crohn’s disease are still uncertain, while its incidence
and prevalence have increased in the past 50 years, up to
6–15 per 100 000 person-years and 50–200 per 100 000
persons, respectively.3 The disease symptoms, including
abdominal pain, diarrhoea, rectal bleeding, weight loss
and loss of energy, as well as its intestinal and extra-
intestinal complications, significantly affect patients’
physical and psychosocial functioning.4

A variety of therapeutic agents are currently available
in clinical practice to induce and maintain remission in
Crohn’s disease, including glucocorticoids, aminosalicy-
lates, immunosuppressive agents and more recently bio-
logical therapies.5, 6 Among them, budesonide, a
glucocorticoid that has topical anti-inflammatory action
with lower systemic activity than conventional glucocor-
ticoids, and mesalazine (mesalamine), an aminosalicylate
encapsulated for controlled gut release, are widely used
as initial therapies for mild or moderate Crohn’s disease.
Budesonide appears more effective than placebo for
induction of remission in active disease, mesalazine may
not improve remission rates; both drugs may or may not
maintain remission in quiescent disease.7

Structured evidence on comparative effectiveness and
safety of budesonide and mesalazine would be very use-
ful for patients and clinicians, as they are commonly
used as alternative and interchangeable treatments. To
address this issue, we conducted a systematic review of
randomised controlled trials (RCTs) evaluating budeso-
nide and mesalazine use in adults for induction of
remission in active Crohn’s disease or maintenance of
remission. We assessed their comparative clinical effi-
cacy and harm using the methodology of network
meta-analysis, also known as multiple-treatments meta-
analysis or mixed-treatment comparison8, 9 that allows
a unified and coherent synthesis of data from RCTs for
comparisons of multiple treatments, while fully respect-
ing randomisation. We aimed to provide a useful sum-
mary to support clinical decision-making, and explore
future research needs (i.e. the justification for head-
to-head trials comparing certain doses of budesonide vs.
mesalazine).

METHODS

Protocol and registration
Our study protocol10 is registered on PROSPERO: the
international prospective register of systematic reviews.
This work was performed in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-analyses) recommendations.11

Data sources and searches
To identify the studies of interest, two independent inves-
tigators (LM and SB) systematically searched MEDLINE
and EMBASE electronic databases from inception to 31
October 2014. Both Medical Subject Heading (MeSH)
terms and free-text words were used, including the
key words: budesonide, mesalazine, mesalamine, pentasa,
aminosalicylic acid, aminosalicylate, 5-aminosalicylic acid,
5-aminosalicylate, 5-ASA, or 5ASA, combined with crohn
disease, colitis, regional enteritis, ileitis or inflammatory
bowel disease. The search was limited to clinical trials
and human studies. Language or age restrictions were
not imposed. We searched the Cochrane Library for any
RCT included in the Cochrane Central Register of Con-
trolled Trials and for any systematic review that
addressed a similar question. We finally explored the
ClinicalTrials.gov website for completed but unpublished
RCTs.

The title and abstract of studies identified were
scanned to exclude any irrelevant publications. The full
text of the selected articles was read to determine
whether it contained information on the topic of interest.
The bibliographies of the articles, and of reviews and
meta-analyses, were scanned to identify other pertinent
studies. We further asked field experts to provide addi-
tional references.

Selection criteria
Randomised controlled trials having enrolled adults
(>90% of participants over the age of 18 years) with
active mild or moderate Crohn’s disease, or quiescent
Crohn’s disease, and comparing budesonide or mesal-
azine with placebo, or against each other (i.e. head-to-
head trials), or different dosing strategies of one drug
(dose-comparison studies) were considered eligible for
inclusion. Studies had to report an assessment of induc-
tion of remission in active Crohn’s disease, or of mainte-
nance of remission in quiescent disease, using the
Crohn’s Disease Activity Index (CDAI),12 another vali-
dated severity scale (e.g. Harvey Bradshaw Index),13 or
other author-defined criteria for remission.
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Duration of therapy had to be at least 6 weeks for
RCTs reporting induction of remission, and at least
6 months for trials reporting prevention of relapse. We
considered only the maintenance studies of medically
induced remission of Crohn’s disease; studies of patients
with surgically induced remission were excluded. RCTs
were eligible for inclusion irrespective of country, or
source of funding.

Data extraction and types of outcomes
Two reviewers (LM and SB) abstracted the data indepen-
dently. The following information was collected from
each study: (i) publication data: first author’s last name,
year of publication and geographical location of the
study; (ii) study design and duration; (iii) number of
participants; (iv) population and disease characteristics;
(v) definition of remission/relapse; and (vi) interventions’
parameters: drug, dosage and schedule. Differences in
data extraction were resolved by consensus, referring
back to the original article.

The primary efficacy outcomes were: the induction of
remission in active Crohn’s disease (at the last time-
point assessment in the trial), and the maintenance of
remission in quiescent disease (at 12 months, if available;
otherwise at the last time-point assessment in the trial).
The intention-to-treat principle was adopted: analysis
was based on the total number of randomly assigned
participants, irrespective of how the original study inves-
tigators analysed the data. All drop-outs were treated as
treatment failures (i.e. failure to achieve remission in
active Crohn’s disease, and relapse in quiescent disease).
We also studied the occurrence of adverse events (AEs)
leading to premature drug discontinuation or withdrawal
from the study, as safety endpoint.

It is possible that the relative efficacies of budesonide
and mesalazine may depend on the dose used and, in
particular, that higher doses are more effective. There-
fore, different doses could not be ignored in the analysis,
so that the same drug defines a single node in the net-
work irrespective of the dose. We also tried to avoid
extreme splitting (i.e. defining different nodes for each
dose). As an alternative between these two extreme cases,
we categorised the drug doses as follows: (i) For induc-
tion of remission in active Crohn’s disease: budesonide
<9 mg/day vs. 9 mg/day vs. >9 mg/day; mesalazine
<2 g/day vs. 2–4 g/day vs. >4 g/day. (ii) For prevention
of relapse in quiescent Crohn’s disease: budesonide
<6 mg/day vs. 6 mg/day vs. >6 mg/day; mesalazine
<2 g/day vs. ≥2 g/day. The threshold choices were
arbitrary.

Assessment of risk of bias in included studies
Reviewers assessed the risk of bias in the results of
included studies by use of the Cochrane Collaboration’s
tool,14 which addresses the following key domains:
sequence generation; allocation concealment; blinding of
participants and personnel; incomplete outcome data;
selective outcome reporting; and other sources of bias.
These items are considered as key domains for risk-of-
bias assessment and classified as ‘adequate’ (low risk of
bias), ‘inadequate’ (high risk of bias) or ‘unclear’. Studies
with adequate procedures in all six domains are consid-
ered to have a low risk of bias; ones with inadequate
procedures in one or more domains are considered to
have a high risk of bias; and those with unclear proce-
dures in one or more domains are considered to have
unclear risk of bias. In our assessment, disagreements
among reviewers were discussed, and agreement was
reached by consensus.

Data synthesis and analysis
We conducted the network meta-analysis within a Bayes-
ian framework using Markov chain Monte Carlo
(MCMC) methods in WinBUGS (MRC Biostatistics
Unit, Cambridge, UK).15 We adopted the random-effects
rather than the fixed-effects model as the most appropri-
ate and conservative approach to account for between-
trial variability. Vague normal priors were placed on the
study effects and a non-informative half-normal prior
was placed on the common variance. A common hetero-
geneity standard deviation was assumed for each pair-
wise comparison. Posterior distributions were obtained
after 3 000 000 iterations that followed 100 000 burn-in
iterations. To ensure that we ended up with an indepen-
dent sample from the posterior distributions of parame-
ters of interest, we thinned out the resulting Markov
chains by taking every 10th MCMC.16 Convergence and
lack of autocorrelation were checked and confirmed.

We estimated the posterior median odds ratios (ORs)
and their 95% credible intervals (CrI), the Bayesian equiv-
alent to confidence intervals, to assess treatment effects.
Results for which the CrI of the OR did not include the
unit value were regarded as significant. Given the results
of the network meta-analysis, we calculated the surf-
ace under the cumulative ranking area (SUCRA),17 which
is used to provide a hierarchy of the treatments for
each outcome. The larger the SUCRA value, the better
the rank of the treatment (i.e. the more effective the
treatment).

The estimate of common heterogeneity, mean tau, was
used as a marker of between-trial heterogeneity. Potential
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inconsistency, defined as the discrepancy of results across
the direct and indirect evidence comparisons in closed
loops, was also assessed. Inconsistency factors and their
95% CIs were calculated. The goodness-of-fit of the
models was examined. A model is considered to provide
an adequate fit to the data when the posterior mean
residual deviance is similar to the number of data points
used in the model.18 Given that each pairwise compari-
son included a limited number of RCTs, we could not
formally assess publication bias.

RESULTS

Search results
After duplicates’ removal, the database search yielded
2023 literature citations (Figure 1, flow diagram).
Records clearly not eligible or irrelevant to the topic
were excluded. We retrieved 117 publications for detailed
evaluation. The full text was read and the reference lists
were checked. We initially identified 24 RCTs19–42 eligi-
ble for inclusion in our systematic review. Of those, 22
studies had released their data in full-text publica-
tions,19, 21–39, 41, 42 one in abstract form,40 while we
found the data for another unpublished RCT (Crohn’s II
study) within the results of a previous systematic
review.20 One additional eligible study43 was identified
through the ClinicalTrials.gov website, for a total of 25
trials.

A further five studies44–48 included in a previous sys-
tematic review20 did not meet our eligibility criteria. Two
were excluded because patients were randomised during
disease flare-up and not while in remission44, 45; one did
not report rates of remission but rates of ‘improve-
ment’,46 one was neither randomised nor placebo-con-
trolled47 and another one was excluded because the drug
dose was unclear.48 Three more trials were also excluded
from the analyses because the duration of therapy was
short.49–51 There was 100% agreement between reviewers
regarding study selection.

The 25 studies selected for inclusion were two-arm
(n = 18) or multi-arm (n = 7) RCTs, having enrolled
adults with active (n = 11) or quiescent Crohn’s disease
(n = 14), and comparing budesonide (n = 8) or mesal-
azine (n = 12) with placebo or against each other (i.e.
head-to-head trials; n = 3), or different doses of one
drug (i.e. dose-comparison studies; n = 2). The majority
of those trials (22 of 25) had used the CDAI to define
remission. A summary of the trials’ characteristics is
shown in Tables S1 and S2 for induction and mainte-
nance respectively.

Risk of bias in included studies
(i) Allocation sequence: twelve of 25 RCTs (48%)

reported adequate methods for sequence generation
and were judged to be at low risk of bias. Informa-
tion in 13 trials (52%) was insufficient to permit
judgement (i.e. unclear risk of bias).

(ii) Allocation concealment: eight of 25 RCTs (32%)
reported adequate methods for allocation conceal-
ment (low risk of bias). However, for most of the
trials (n = 17; 68%) information was insufficient
(unclear risk).

(iii) Blinding: twenty-three of 25 RCTs (92%) were dou-
ble-blind, one was investigator-blind (patients not
blinded), and for another one information was
insufficient.

(iv) Incomplete outcome data: fourteen of 25 RCTs (56%)
were judged to be at high risk of bias. They reported
high numbers of patients with unknown outcome,
unequally balanced across intervention groups. Eight
trials (32%) were judged to be at low risk, while for
three (12%), information was insufficient.

(v) Selective outcome reporting: the majority of RCTs
(n = 23; 92%) were at low risk of bias. Study pro-
tocols were not available but the published reports
included all outcomes of interest for the review.

(vi) Other sources of bias: three studies (12%) suffered
baseline imbalances across the intervention groups
(high risk of bias), two were stopped early and
another two did not provide information to assess
whether an important problem exists (unclear risk).

Overall, the assessment indicated high risk of bias
across 19 of the included studies (76%) and unclear risk
for the other six (24%). None of the RCTs was judged to
be at low risk of bias. Quality assessment items are sum-
marised in Figure S1 for induction, and in Figure S2 for
maintenance trials.

Results of multiple-treatments meta-analyses
Efficacy of budesonide and mesalazine for induction of
remission. Seven two-arm20, 21, 26, 27, 35, 42, 43 and four
multi-arm studies19, 24, 36, 37 comparing budesonide
(n = 3) or mesalazine (n = 5) with placebo or against
each other (n = 2), or different doses of one drug
(n = 1) were included in the induction treatment net-
work (Table S1 and Figure S3). In total, 1799 patients
had been randomised to placebo (n = 355), budesonide
(n = 757) or mesalazine (n = 687), in doses as in Table
S1, as induction therapy (6–16 weeks) in active Crohn’s
disease. In 721 patients (40.1%), remission was induced.
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Only budesonide 9 mg/day (approved dose) or at
higher doses (budesonide 15 or 18 mg/day) demon-
strated superiority over placebo for induction of remis-
sion (OR = 2.93; 95% CrI: 1.52–5.39, and OR = 3.28;
95% CrI: 1.46–7.55 respectively). None of the other com-
parisons (i.e. different doses of mesalazine vs. placebo or
budesonide) reached statistical significance. The posterior
relative efficacy estimates for all comparisons (expressed
as ORs) are shown in Table 1a.

In agreement, the corresponding SUCRA values (pro-
viding the hierarchy for the competing treatments)
expressed as percentages were: 13% for placebo; 41% for
budesonide 3 or 6 mg/day; 85% for budesonide 9 mg/
day; 90% for budesonide 15 or 18 mg/day; 31% for me-
salazine <2 g/day; 38% for mesalazine 2–4 g/day; and
53% for mesalazine >4 g/day.

Withdrawals due to AEs in induction trials. Nine
RCTs19, 21, 26, 27, 35–37, 42, 43 contributed to this analysis.

They had randomised 1463 patients, of whom 121
(8.3%) withdrew due to AEs. Numbers were rather small
for comparison of separate drug doses; thus, different
doses were merged.

The occurrence of AEs leading to premature drug dis-
continuation or withdrawal from the induction trials was
not shown statistically different between budesonide, me-
salazine and placebo (Table 1b).

Surface under the cumulative ranking area values
were: 68% for budesonide, 64% for placebo and 18% for
mesalazine.

Efficacy of budesonide and mesalazine for maintenance
of remission. Eleven two-arm22, 23, 25, 28, 30, 33, 34, 38–41

and three multi-arm studies,29, 31, 32 comparing budeso-
nide (n = 5) or mesalazine (n = 7) with placebo or
against each other (n = 1), or different doses of one drug
(n = 1) were included in the maintenance treatment net-
work (Table S2 and Figure S4). In total, 2147 patients

Records identified through
MEDLINE database search

(n = 640)

Records identified through
EMBASE database search

(n = 1,663)

Total number of records identified and screened
after duplicates removed

(n = 2,023)

Articles excluded based on title/abstract
(n = 1,906)

Articles retrieved for detailed evaluation
(n = 177)

RCT identified through
Clinical Trials.gov

(n = 1)

RCTs excluded (n = 93)
- Systematic reviews: 12
- Not randomized controlled trials: 16
- Not placebo-controlled, or dose-comparison,

- CD patients with surgically-induced remission: 6
- Not in adults: 3
- Duration of therapy too short: 3
- Randomization for maintenance trial during flare-up: 2
- Remission rates not reported: 3
- Secondary analyses: 2
- Drug dose unclear: 1

or budesonide-mesalamine (head-to-head) trials: 45

Eligible RCTs included in network meta-analysis (n = 25)

- Induction trials: 11
- Maintenance trials: 14
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Figure 1 | Summary of evidence search and selection. RCT, randomised controlled trial; CD, Crohn’s disease.
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had been randomised to placebo (n = 937), budesonide
(n = 505) or mesalazine (n = 705), in doses as in Table
S2, as maintenance therapy (median duration:
12 months) in quiescent Crohn’s disease. Of them, 1002
patients (46.7%) maintained remission.

Only budesonide 6 mg/day demonstrated superiority
over placebo for maintenance of remission (OR = 1.69;
95% CrI: 1.05–2.75). None of the other comparisons (i.e.
different doses of mesalazine vs. placebo or budesonide)
reached statistical significance. The posterior relative effi-
cacy estimates for all comparisons are shown in
Table 2a.

In agreement, the corresponding SUCRA values (pro-
viding the hierarchy for the competing treatments) were:
16% for placebo; 39% for budesonide 3 mg/day; 80% for
budesonide 6 mg/day; 79% for budesonide 9 mg/day;
54% for mesalazine <2 g/day; and 32% for mesalazine
≥2 g/day.

Withdrawals due to AEs in maintenance trials. Thirteen
RCTs23, 25, 28–34, 38–41 contributed to this analysis. They
had randomised 1990 patients, of whom 166 (8.3%)
withdrew due to AEs. Once again, numbers were small
for comparison of separate drug doses; thus, different
doses were merged.

The occurrence of AEs leading to premature drug dis-
continuation or withdrawal from the maintenance trials

was not shown statistically different between budesonide,
mesalazine and placebo (Table 2b). SUCRA values were:
68% for budesonide, 64% for placebo and 18% for me-
salazine.

Evaluation of heterogeneity, consistency and overall fit
of the models. Heterogeneity among trials was low to
moderate for all the outcomes (Table 3). Moreover, there
was no evidence of substantial inconsistency between
direct and indirect comparisons in closed loops (Table
S3). However, given the relatively low number of studies,
relevant inconsistency or heterogeneity between trials
cannot be ruled out. Evaluation of the goodness-of-fit for
the models showed adequate fit for all analyses
(Table 3).

DISCUSSION
In this systematic review and Bayesian network meta-
analysis, we incorporated 25 RCTs comparing budeso-
nide or mesalazine with placebo or against each other,
or different dosing strategies of one drug, for the man-
agement of adult patients with active or quiescent
Crohn’s disease. Meta-analysis of the induction studies
showed that budesonide 9 mg/day or at higher doses (15
or 18 mg/day) is superior to placebo, and ranks at the
top of the hierarchy of the competing treatments. For
maintenance of remission, only budesonide 6 mg/day

Table 1 | Induction therapy: treatment effect estimates from Bayesian network meta-analyses

(a) Efficacy of comparator treatments for induction of remission. 

Mesalazine > 4.0 g/d

1.35 (0.35–3.79) Mesalazine 2.0 to 4.0 g/d

1.50 (0.30–5.11) 1.11 (0.41–2.75) Mesalazine < 2.0 g/d

0.56 (0.15–1.64) 0.42 (0.16–1.11) 0.37 (0.12–1.32) Budesonide 15 or 18 mg/d

0.63 (0.21–1.48) 0.47 (0.23–1.06) 0.42 (0.16–1.35) 1.13 (0.55–2.43) Budesonide 9 mg/d

1.25 (0.32–3.93) 0.92 (0.34–2.74) 0.83 (0.25–3.24) 2.23 (0.96–5.40) 1.98 (0.86–4.52) Budesonide 3 or 6 mg/d

1.84 (0.55–4.80) 1.37 (0.75–2.65) 1.23 (0.53–3.28) 3.28 (1.46–7.55) 2.93 (1.52–5.39) 1.48 (0.58–3.66) Placebo

(b) Withdrawals due to adverse events in induction trials.

Mesalazine

1.45 (0.60–3.24) Budesonide 

1.40 (0.63–3.29) 0.97 (0.44–2.27) Placebo

The column-defining treatment is compared with the row-defining treatment. The estimates in the cells are odds ratios with 95%
credible intervals. Statistically significant results are shown in bold.
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demonstrated superiority over placebo, being also at the
best ranking position among all compared treatment
strategies. None of the other comparisons (i.e. different
doses of mesalazine vs. placebo or budesonide, for induc-
tion or maintenance of remission) reached statistical sig-
nificance. On the other hand, the occurrence of
withdrawals due to AEs was not shown different between
budesonide, mesalazine and placebo, in both the induc-
tion and maintenance phases.

Previous pairwise meta-analyses have indicated a ben-
efit of budesonide over placebo in active Crohn’s disease
remission,52, 53 but – contrary to our findings – no bene-
fit in preventing quiescent disease relapse.52, 54 Similar to
our results, they found no evidence to suggest that me-
salazine is superior to placebo for induction20, 55 or
maintenance of remission20, 56 in patients with Crohn’s
disease. Our network meta-analysis includes not only the
results of direct comparisons but also incorporates indi-
rect comparisons, particularly for budesonide vs. mesal-
azine, which have been rarely compared in head-to-head
trials. Thus, our study uses a much broader evidence
base and includes a large number of trials, providing
updated evidence that can be more appropriately inte-
grated into relevant clinical guidelines.

Our work brings new evidence into the field for sev-
eral reasons. Having conducted a rigorous and extensive
literature search, we are confident that all relevant RCTs
have been properly identified. Different doses of the
same treatment were treated as separate interventions –
a fact that reduces conceptual heterogeneity. The out-
come data were extracted with a rigorous definition of
remission, using the CDAI, which has been applied in
the majority of the included RCTs. There was no evi-
dence of substantial inconsistency; heterogeneity among
trials was found to be from low to moderate; and the
models showed adequate fit to the data.

Table 2 | Maintenance therapy: treatment effect estimates from Bayesian network meta-analyses

(a) Efficacy of comparator treatments for maintenance of remission. 

Mesalazine ≥ 2.0 g/d

0.83 (0.41–1.58) Mesalazine < 2.0 g/d

0.59 (0.22–1.56) 0.71 (0.24–2.22) Budesonide 9 mg/d

0.65 (0.37–1.12) 0.78 (0.38–1.71) 1.10 (0.49–2.49) Budesonide 6 mg/d

0.94 (0.51–1.71) 1.14 (0.53–2.56) 1.60 (0.58–4.38) 1.45 (0.82–2.61) Budesonide 3 mg/d

1.10 (0.79–1.51) 1.33 (0.75–2.45) 1.86 (0.72–4.77) 1.69 (1.05–2.75) 1.17 (0.69–1.96) Placebo

(b) Withdrawals due to adverse events in maintenance trials. 

Mesalazine

1.71 (0.67–4.71) Budesonide 

1.19 (0.72–1.99) 0.70 (0.30–1.56) Placebo

The column-defining treatment is compared with the row-defining treatment. The estimates in the cells are odds ratios with 95%
credible intervals. Statistically significant results are shown in bold.

Table 3 | Between trial heterogeneity and evaluation of
model fit

Outcome Mean tau
Number of
data points

Residual
deviance

Induction of
remission

0.42 27 26.74

Withdrawals
due to AEs in
induction trials

0.32 18 14.22

Maintenance of
remission

0.16 31 29.87

Withdrawals
due to AEs in
maintenance trials

0.22 26 22.53

The model is considered to provide an adequate fit to the data
if the mean of the residual deviance is similar to the number
of data points used in the model.
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Nevertheless, our analysis has several limitations.
Firstly, all the RCTs included in our review were charac-
terised by high or unclear risk of bias, as assessed with the
Cochrane Collaboration’s tool. This is a fact of concern,
as the quality of the current analysis is limited by the
quality of the underlying data. Secondly, most studies
included within the network meta-analysis were placebo-
controlled trials, with only three head-to-head trials, and
two studies comparing different dosing strategies. Thirdly,
because the exposure and follow-up times lasted up to
1 year, estimates of comparative effectiveness correspond-
ing to longer periods are not possible. Fourthly, we could
not assess publication bias. Fifthly, we did not evaluate
comparator treatments in terms of cost, which is a key
consideration in clinical decision-making. Sixthly, we did
not evaluate different release mechanisms of mesalazine,
depending on disease localisation, and this could be a key
aspect due to the multiple anatomical patterns of the dis-
ease. Finally, our systematic review does not cover the
whole 5-ASA drug class, but is restricted to mesalazine. In
fact, this network meta-analysis was originally planned to
explore the value of doing further head-to-head trials
comparing budesonide vs. mesalazine. To make sure that
a new clinical trial is justifiable, both scientifically and
ethically, it should be designed in the light of an assess-
ment of relevant previous research, as recommended.57

It is also important to note that in a network meta-
analysis of RCTs, the value of randomisation does not
hold across trials. Hence, a network meta-analysis is a
form of observational evidence,58, 59 and may be biased if
differences in unmeasured covariates among the original
studies act as effect modifiers of relative treatment effects.
Given the temporal variation (year of publication ranging
from 1987 to 2013) and the geographic representation
(Tables S1 and S2), important differences between patient
populations (e.g. differences in history of treatment) may
exist. For this reason, it remains important that further
studies – high-quality trials as well as studies in the ‘real
world’ setting – are conducted to confirm and extend our
findings. This is particularly true when grouping patients
with mild or moderate Crohn’s disease, as the efficacy of
budesonide or mesalazine could be different in mild as
compared to moderate disease. Finally, although our net-
work meta-analysis demonstrated superiority of budeso-
nide 6 mg/day over placebo for maintenance of
remission, it is possible that this benefit may be inconsis-
tent over time. Our literature-based analysis, which evalu-
ated maintenance of remission in quiescent disease at
12 months, could not answer this crucial question. Only
an individual data-based analysis could eventually resolve

this issue, but such an approach is not feasible, as most
of the trials have been conducted during the 1990s and
their data are inaccessible.

Despite these limitations, this network meta-analysis
provides the largest scale comparative evidence on the
profiles of budesonide and mesalazine for the treatment
of Crohn’s disease. According to our study findings, bu-
desonide (at the doses of 9 mg/day, or higher, for induc-
tion of remission in active mild or moderate Crohn’s
disease, and at 6 mg/day for maintenance of remission)
appears to be the best treatment choice.

This evidence, along with the treatment costs, patient’s
values and preferences, and other factors such as the
risks of budesonide treatment in the long term in rela-
tion to steroid side effects, and the potential of 5-ASA
therapy to reduce colorectal cancer risk,60 should be con-
sidered to inform clinical decision-making.61 Neverthe-
less, further high-quality research – ensuring clear
definitions of remission, defining the proper patient pop-
ulation (e.g. mild or moderate), rigorous collection of AE
data and complete follow-up of patients – is welcome,
and may be necessary to extend the current evidence
and assess the long-term efficacy and safety profiles of
alternative therapies for Crohn’s disease.
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