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Comparative efficacy and tolerability of pharmacological 
agents for management of mild to moderate ulcerative 
colitis: a systematic review and network meta-analyses
Nghia H Nguyen*, Mathurin Fumery*, Parambir S Dulai, Larry J Prokop, William J Sandborn, Mohammad Hassan Murad, Siddharth Singh

Summary
Background The majority of patients with ulcerative colitis have mildly to moderately active disease. To inform the 
management of patients with left-sided or extensive mildly to moderately active ulcerative colitis, we assessed the 
comparative efficacy and tolerability of different therapies.

Methods In this systematic review and network meta-analysis, we searched Epub, MEDLINE In-Process & Other 
Non-Indexed Citations, MEDLINE, Embase, Cochrane Central Register of Controlled Trials, Cochrane Database of 
Systematic Reviews, Scopus, and Web of Science from inception to Dec 14, 2015, and updated on MEDLINE on 
March 1, 2018, for randomised controlled trials in adults (age ≥17 years) with left-sided or extensive mild to moderate 
ulcerative colitis. Studies were included if patients were treated with oral sulfasalazine, diazo-bonded 5-aminosalicylates 
(5-ASAs), mesalazine (low dose <2 g/day, standard dose 2−3 g/day, or high dose >3 g/day), controlled ileal-release 
budesonide, or budesonide multimatrix, alone or in combination with rectal 5-ASA therapy, and were compared with 
each other or placebo for induction or maintenance of clinical remission. The minimum duration of therapy was 
4 weeks for trials of induction and 24 weeks for trials of maintenance therapy. We did pairwise and random-effects 
network meta-analysis using a frequentist approach, and calculated odds ratios (ORs) and 95% CIs; agents were 
ranked using surface under the cumulative ranking (SUCRA) probabilities. We used Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) criteria to appraise quality of evidence. We examined hetero-
geneity with the I² statistic.

Findings Our search identified 1316 unique studies, from which 75 randomised trials with 12 215 patients were eligible 
for analysis. Based on 48 induction randomised trials (8020 participants) that met inclusion criteria, combined oral 
and rectal 5-ASAs (SUCRA 0·99) and high-dose mesalazine (>3 g/day; SUCRA 0·82) were ranked highest for 
induction of remission. Both interventions were superior to standard-dose mesalazine (2−3 g/day; failure to induce 
remission with combined oral and rectal 5-ASAs OR 0·41, 95% CI 0·22−0·77; high-dose mesalazine 0·78, 0·66−0·93) 
with moderate confidence in estimates. On the basis of 28 randomised trials (4218 participants) that met inclusion 
criteria, all interventions were superior to placebo for maintenance of remission; however, neither combined oral and 
rectal 5-ASAs nor high-dose mesalazine were superior to standard-dose mesalazine.

Interpretation In patients with mildly to moderately active left-sided or extensive ulcerative colitis, combined oral and 
topical mesalazine therapy and high-dose mesalazine are superior to standard-dose mesalazine for induction of 
remission, but not maintenance of remission. Standard-dose mesalazine might be preferred for maintenance in most 
patients.

Funding None.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
Ulcerative colitis is a chronic disabling inflammatory 
bowel disease that generally begins in early adulthood. 
Although the incidence and prevalence of ulcerative 
colitis have stabilised in western Europe and North 
America (affecting >0·2% of the population) since 1990, 
its incidence continues to rise in newly industrialised 
countries.1 Longitudinal population-based cohort studies 
indicate less than 20% of patients with ulcerative colitis 
have an aggressive disease course, and most have a 
mild to moderate course, which is generally most active 
at diagnosis and then in varying periods of remission or 

mild activity.2−8 More than 90% of patients receive 
5-aminosalicylates (5-ASAs) within 1 year of diagnosis for 
management of ulcerative colitis, and on long-term 
follow-up, 60−87% of patients continue 5-ASA use. 
Only 50% of patients receive corticosteroids, and even 
fewer receive immunosuppressive (20%) and biological 
therapies (5−10%).2−8

Despite most patients with ulcerative colitis having 
mild to moderate disease activity, practice varies consider-
ably between inflammatory bowel disease special ists, 
gastroenterologists, and primary care physicians.9 
Important areas of variability include the dosing of 

Lancet Gastroenterol Hepatol 
2018

Published Online 
August 16, 2018 
http://dx.doi.org/10.1016/
S2468-1253(18)30231-0

*Contributed equally

Division of Gastroenterology, 
University of California 
San Diego, La Jolla, CA, USA 
(N H Nguyen MD, M Fumery MD, 
P S Dulai MD, 
Prof W J Sandborn MD, 
S Singh MD); Gastroenterology 
Unit, Amiens University and 
Hospital, Université de Picardie 
Jules Verne, Amiens, France 
(M Fumery); Department of 
Library Services 
(L J Prokop MLS), and Robert D 
and Patricia E Kern Center for 
the Science of Health Care 
Delivery (Prof M H Murad MD), 
Mayo Clinic, Rochester, MN, 
USA; and Division of 
Biomedical Informatics, 
University of California 
San Diego, La Jolla, CA, USA 
(S Singh)

Correspondence to: 
Dr Siddharth Singh, Division of 
Gastroenterology, University of 
California San Diego, La Jolla, 
CA 92093, USA 
sis040@ucsd.edu



Articles

2 www.thelancet.com/gastrohep   Published online August 16, 2018   http://dx.doi.org/10.1016/S2468-1253(18)30231-0

mesalazine for induction and maintenance of remission, 
comparative efficacy of diazo-bonded 5-ASAs and 
mesalazine, role of combined oral and topical 5-ASA, 
and positioning of budesonide multimatrix in the 
management of patients with extensive mild to moderate 
ulcerative colitis. Previous pairwise meta-analyses 
focusing on head-to-head comparisons, although 
thorough and informative, have not adequately informed 
comparative efficacy of different approaches in the 
management of mild to moderate ulcerative colitis 
because of paucity of head-to-head trials for some key 
comparisons (eg, role of a high-dose [>3 g/day] vs 
standard-dose [2−3 g/day] 5-ASA, and positioning 
of budesonide multimatrix).10−12 By contrast, network 
meta-analyses, which combine direct (from head-to-head 
trials) and indirect (comparisons of different inter-
ventions against a common comparator) evidence might 
better inform the comparative efficacy of different 
treatment approaches.13

Hence, we did a systematic review with pairwise and 
network meta-analyses to compare the efficacy and 
tolerability of candidate agents in patients with extensive 
or left-sided mild to moderate ulcerative colitis. We used 

Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) criteria for network meta-
analysis to appraise quality of evidence.14

Methods
Search strategy and selection criteria
We did this systematic review and network meta-analysis 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) extension state-
ment for systematic reviews, incorporating network 
meta-analyses for health-care interventions and also 
following an a priori established protocol (appendix, 
pp 2–11).15 For our research protocol, we followed good 
research practices, as outlined in the International 
Society for Pharmacoeconomics and Outcomes Research 
report on interpreting indirect treatment comparisons 
and network meta-analysis for health-care decision 
making.16

A medical librarian (LJP) designed and did a com-
prehensive literature search with input from study investi-
gators using various databases (ie, Epub, MEDLINE 
In-Process & Other Non-Indexed Citations, MEDLINE, 
Embase, Cochrane Central Register of Controlled Trials, 

Research in context

Evidence before this study
We searched PubMed from inception to May 31, 2018, for 
previously published meta-analyses on pharmacological 
interventions for mild to moderate ulcerative colitis using the 
search terms “ulcerative colitis” and “treatment” without any 
language restrictions. Our search identified 869 systematic 
reviews, but no network meta-analyses. Previous traditional 
pairwise meta-analyses provide a limited synthesis of 
comparative efficacy of different interventions, limited to 
head-to-head trials, without incorporating indirect evidence. 
Additionally, the quality of this evidence has not been critically 
examined, which might inform clinical guidelines.

Added value of this study
Our study provides the first network meta-analysis of all 
pharmacological interventions for management of 
mild to moderate ulcerative colitis, with systematic assessment 
of quality of the evidence using Grading of Recommendations 
Assessment, Development and Evaluation methodology. 
Through a systematic review with network meta-analysis, 
including 48 randomised trials (8020 participants) comparing 
eight active interventions for induction of remission, and 
28 randomised trials (4218 participants) comparing six active 
interventions for maintenance of remission in patients with 
left-sided or extensive ulcerative colitis, we are able to inform 
the treatment approach in these patients. For induction of 
remission, a combined oral and rectal 5-aminosalicylate (ASA) 
is the most effective treatment strategy, followed by high-dose 
mesalazine (moderate confidence in estimates); standard-dose 
mesalazine is similar to diazo-bonded 5-ASAs, but superior to 
sulfasalazine. For maintenance of remission, standard-dose and 

high-dose mesalazine are similar (low confidence in estimates), 
and superior to low-dose mesalazine (high confidence in 
estimates). Budesonide multimatrix is not more effective than 
a combined oral and rectal 5-ASA or high-dose mesalazine and 
has inferior tolerability.

Implications of all the available evidence
Contextualising findings on comparative efficacy and 
tolerability, coupled with patients’ values and preference, and 
cost and resource use considerations, our findings can directly 
inform treatment guidelines. Patients with mild ulcerative 
colitis are likely to achieve remission with standard-dose 
mesalazine or a diazo-bonded 5-ASA. A subset of patients, 
particularly those with more moderately active disease, or who 
live in areas where high-unit dose forms of mesalazine are 
available at a low cost, physicians might reasonably decide to 
use high-dose oral mesalazine for induction of remission. In 
patients with extensive colitis, a rectal 5-ASA might be added 
either upfront to standard-dose or high-dose oral mesalazine, 
or in 4−6 weeks in a subset of patients with suboptimal 
response to oral therapy. Likewise, budesonide multimatrix 
might be considered as monotherapy or in addition to 5-ASA 
therapy in patients with moderately active disease, either 
upfront or in the case of suboptimal response to optimised 
5-ASA therapy. For maintenance of remission, standard-dose 
mesalazine and a diazo-bonded 5-ASA might be preferred 
options. High-dose mesalazine with or without a rectal 5-ASA is 
no more effective than standard-dose mesalazine, and 
consideration should be made to cautiously de-escalate 
patients who required high-dose mesalazine for induction of 
remission to standard dose, after 6−12 months.

See Online for appendix
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Cochrane Database of Systematic Reviews, Scopus, and 
Web of Science) from inception to Dec 14, 2015; the 
search was updated on MEDLINE on March 1, 2018. The 
search strategy contained no language restrictions and 
used controlled vocabulary supplemented with keywords, 
expanded terminology, and varying algorithms (detailed 
in the appendix, pp 8–11) to search for randomised trials 
in adults with mild to moderate ulcerative colitis. The 
reference lists of all identified relevant studies, and 
Cochrane reviews on the topic, published in the past 
2 years, were also manually reviewed to identify any 
potentially relevant studies. Two study reviewers (NHN 
and MF) independently reviewed each study to exclude 
non-relevant studies with discrepancies discussed and 
resolved by a third reviewer (SS). The schematic diagram 
of study selection is shown in figure 1.

Randomised controlled trials were included if they 
met the following inclusion criteria: patients were 
adults (age ≥17 years) with extensive or left-sided 
mild to moderate ulcerative colitis; interventions were 
sulfasalazine, diazo-bonded 5-ASAs, including olsalazine 
and balsalazide, mesalazine (low dose <2 g/day, standard 
dose 2−3 g/day, or high dose >3 g/day), controlled 
ileal-release budesonide, or budesonide multimatrix, 
alone or in combination with rectal 5-ASA therapy; the 
comparator was any other active intervention or placebo; 
and outcomes included induction or maintenance (or 
both) of clinical remission with or without endoscopic 
remission. Minimum duration of therapy was 4 weeks 
for trials of induction and 24 weeks for trials of 
maintenance therapy. We assumed similarity of different 
commercial preparations of mesalazine at equivalent 
doses on the basis of an exhaustive systematic review17 
that showed that different mesalazine formulations have 
similar efficacy and safety.

We excluded observational studies, short-duration 
trials, 5-ASA trials in patients with moderate to severe 
disease or steroid-dependent ulcerative colitis, trials 
in patients with proctitis, or trials of rectal therapy 
alone in patients with left-sided colitis, and trials of 
non-conventional agents that are not approved for 
treatment of ulcerative colitis.

Data extraction and outcomes
Data abstraction was done with a standardised case report 
form to capture data on study-related, participant-related, 
and treatment-related characteristics. Two reviewers 
(NHN and MF) independently reviewed and abstracted 
data with discrepancies resolved by consensus in 
consultation with a third reviewer (SS). Risk of bias was 
assessed by two sets of authors independently (NHN and 
MF), using the Cochrane Risk of Bias assessment tool, 
with disagreements addressed by re-evaluation, in 
conjunction with a third reviewer (SS).18

Our primary outcome was overall and comparative 
efficacy of interventions reported as failure to achieve 
clinical remission in patients with active disease and 

failure to maintain clinical remission in patients with 
quiescent ulcerative colitis. Secondary outcomes were 
failure to induce endoscopic remission (as defined by 
each study), and tolerability (defined as discontinuation 
of therapy because of adverse events).

Clinical remission was measured using various disease 
activity indices (DAIs); most commonly, the ulcerative 
colitis DAI, Mayo Clinic Score, Simple Clinical Colitis 
Activity Index, Sutherland DAI, and the Rachmilewitz 
Clinical Activity Index. These DAIs generally combined 
measures of stool frequency, rectal bleeding, or physician 
global assessment, or a combination of these, with a 
measure of endoscopic disease activity. In most indices, 
all patients who achieved clinical remission were also in 
endoscopic remission. Definitions of remission differed 
across DAIs; in some studies, if clinical and endoscopic 
outcomes were reported separately, then data on clinical 
remission were used for analysis. If clinical remission 
was not reported, then clinical response was abstracted 
as a surrogate outcome.

When outcomes were reported at multiple timepoints, 
a hierarchical approach was followed. For assessment 
of induction trials, data abstraction hierarchy was at 
6 weeks, then 4 weeks, and 8 weeks. For maintenance 
trials, the final primary timepoint of individual trials was 
used for data abstraction. Mesalazine dosing was grouped 
as low (<2 g/day), standard (2−3 g/day), and high 
(>3 g/day). For other interventions, where available, 
standard US Food and Drug Administration-approved 
doses were used; however, trials of alternative doses 
of diazo-bonded 5-ASAs and sulfasalazine were also 

Figure 1: Study selection 
*One trial covered both induction and remission, and was included in both groups.

121 full-length articles and abstracts reviewed

75 randomised trials included*
48 randomised trials of induction 
28 randomised trials of remission 

1235 records identified by database search 81 records identified through manual review 
      of bibliographies of review articles

1195 excluded because of basic science, review articles or
editorials, observational studies, unrelated to
medical interventions (ie, surgical, based on herbal
supplements, or other non-approved therapies),
or did not meet inclusion criteria

46 excluded
  5 combined clinical remission and response
10 included topical therapies only
12 included patients with proctitis only
13 different 5-aminosalicylates at the same dose
  2 crossover studies with limited follow-up
  4 included patients with all severities
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included. All patients were analysed in the group to 
which they were randomised; patients lost to follow-up 
were considered to have had treatment failure.

Data analysis
Direct pairwise meta-analysis was done using a 
random-effects model to estimate pooled odds ratios 
(ORs) and 95% CIs.19 Since outcomes were reported as 
failure to achieve or maintain remission, ORs of less 
than 1 indicate superior efficacy. We assessed statistical 
heterogeneity using the I² statistic, with values of more 
than 50% indicating substantial heterogeneity; 
small-study effects were assessed by examining funnel 
plot asymmetry, where more than ten trials were 
available.20 Direct comparisons were done using RevMan 
version 5.3.

We did a network meta-analysis using a multivariate 
random-effects meta-regression, using a consistency 
model, as described by White and colleagues.21 We used a 
frequentist approach and provided a point estimate from 
the network and a 95% CI from the frequency distribution 
of the estimate. The decision to use the frequentist 
approach was made a priori on the basis of the statistical 
expertise of our team; results of frequentist and Bayesian 
approaches were expected to be similar. We evaluated 
network consistency by comparing the direct estimates 
to the indirect estimates for each comparison, using a 
node-splitting technique. All network meta-analyses 
were done using Stata, version 14.

We calculated the relative ranking of interventions for 
induction and maintenance of clinical remission as their 
surface under the cumulative ranking (SUCRA), which 

is the percentage of efficacy achieved by an approach 
compared with an imaginary approach that is always 
the best without uncertainty (ie, SUCRA 100%).22 
Higher SUCRA scores correspond to greater efficacy and 
superior tolerability, and lower scores to lesser efficacy 
and inferior tolerability. To show imprecision of ranking 
probabilities, we also estimated how each treatment 
would rank in 100 iterations.

We estimated absolute event rates (or absolute risk) by 
calculating the estimated risk difference (RD, also known 
as absolute risk reduction) by combining the OR for each 
intervention with placebo and the median placebo 
response rate across trials as the assumed control risk 
(ACR), by using the formula: RD=(OR × ACR – ACR +  
ACR × ACR – OR × ACR × ACR)/(1 – ACR + OR × ACR). 
The RD, which is the difference between the event rates 
in the intervention and control groups, was added back to 
the ACR to estimate the absolute risk for each inter-
vention. 95% CIs for the estimates were generated using 
the 95% CIs of the ORs in the above calculations.

The quality of evidence derived from the pairwise 
and network meta-analysis was judged by use of the 
GRADE framework. In this approach, direct evidence 
from randomised trials starts at high quality and can be 
rated down on the basis of risk of bias, indirectness, 
imprecision, inconsistency (or heterogeneity), or publi-
cation bias, or all of these, to levels of moderate, low, and 
very low quality. The rating of indirect estimates starts at 
the lowest rating of the two pairwise estimates that 
contribute as first-order loops to the indirect estimate, 
but can be rated down further for imprecision or 
intransitivity (dissimilarity between studies in terms of 

Figure 2: Network of included studies with the available direct comparisons for (A) induction and (B) maintenance of clinical remission in patients with 
mild-to-moderate ulcerative colitis
The size of the nodes is weighted according to the number of studies evaluating each treatment and the thickness of the connections is weighted according to the 
number of studies directly comparing the treatments.
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clinical or methodological characteristics). If direct and 
indirect estimates were similar (ie, coherent), then the 
higher rating was assigned to the network meta-analysis 
estimates.

Role of the funding source
There was no funding source for this study. NHN, MF, 
MHM, and SS had access to raw data from individual 
studies. SS had the responsibility to submit for 
publication.

Results
From 1316 unique citations identified through our 
comprehensive search strategy, 1195 were excluded 
because they did not meet inclusion criteria, were 
basic science, editorials, or review articles, were obser-
vational studies, or did not assess medical interventions 
(figure 1). 121 full-length articles and abstracts were 
assessed, after which 46 further articles were excluded 
because they did not meet inclusion criteria. 
75 randomised trials were included, with 12 215 patients. 
One trial covered intervention for both induction and 
maintenance of remis sion, and was thus considered in 
both groups. We therefore included 48 randomised trials 
(8020 partici pants, including 1380 placebo-treated 
patients) com paring eight active interventions for 
induction of remission,23−70 and 28 randomised trials 
(4218 participants, including 575 placebo-treated patients) 
comparing six active interventions for maintenance of 
remission.23,71−97 The available direct comparisons and 
network of trials for induction and maintenance of 
clinical remission are shown in figure 2.

Summary characteristics of all included randomised 
trials in the network meta-analysis are reported in the 
appendix (pp 12–24). Induction trials were 4−12 weeks, 
and trials of maintenance therapy were 24–72 weeks. 
Overall, the median frequency of failure in the placebo 
groups of the trials was 87% (IQR 75–93) for induction of 
clinical remission and 69% (67−78) for induction of 
endoscopic remission. In trials of maintenance therapy, 
the median frequency of failure to maintain clinical 
remission in placebo of trials was 56% (40−59). Most 
trials included patients with both left-sided and extensive 
ulcerative colitis; however, efficacy of oral therapy in 
these patients was not consistently stratified by disease 
location. Overall, most studies were deemed to be at low 
risk of bias, except early trials of sulfasalazine, which had 
high risk of bias.

From a pairwise meta-analysis, we found that low-dose, 
standard-dose, and high-dose mesalazine, diazo-bonded 
5-ASAs, and budesonide multimatrix were all signifi-
cantly superior to placebo in terms of inducing clinical 
remission (appendix, pp 27–28). No trials comparing 
sulfasalazine with placebo were identified in patients 
with mild to moderate ulcerative colitis. On active 
comparisons, standard-dose and high-dose mesalazine 
were superior to low-dose mesalazine for induction of 

clinical remission (appendix, p 29). High-dose mesa-
lazine was not superior to standard-dose mesalazine 
(relative risk [RR] of failure to induce remission 0·94, 
95% CI 0·88−1·01); however, on subgroup analysis in 
patients with moderate ulcerative colitis (ASCEND II,38 
ASCEND III,60 Hiwatashi and colleagues39), or reporting 
outcomes stratified by baseline ulcerative colitis disease 
severity,37,41,42 high-dose mesa lazine was superior to 
standard-dose mesalazine (six trials, 1589 patients; 
RR 0·92, 95% CI 0·86−0·99). Standard-dose mesalazine 
was not superior, whereas sulfasalazine was inferior, to 
diazo-bonded 5-ASAs for induction of clinical remission 
(appendix, p 30); balsalazide was not superior to standard-
dose mesalazine (RR 0·73, 0·52−1·02). Efficacies of 
sulfasalazine and mesalazine were not significantly 
different (RR 1·07, 0·91−1·26; appendix, p 30); on 
restricting analyses to standard-dose mesalazine, 
mesalazine was not superior to sulfasalazine (RR 0·79, 
0·58−1·06). Combined oral and rectal 5-ASA therapy was 
superior to oral 5-ASAs alone (appendix, p 30). For all 
pairwise comparisons, heterogeneity was mild to 
moderate (I²<50%), except for high-dose mesalazine 
versus placebo, and mesalazine versus diazo-bonded 
5-ASAs.

On network meta-analysis, low-dose, standard-dose, 
and high-dose mesalazine, diazo-bonded 5-ASAs, com-
bined oral and rectal 5-ASAs and budesonide multimatrix 
were superior to placebo for the induction of clinical 
remission, with the largest effect size being observed 
with combined oral and rectal 5-ASAs; sulfasalazine and 
controlled ileal-release budesonide were not superior to 

Figure 3: Comparative efficacy of different interventions for failure to induce remission in patients with 
mild to moderate ulcerative colitis
Based on network meta-analysis, against (A) placebo and (B) standard-dose mesalazine. ASAs=aminosalicylates.
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placebo (figure 3). Results for endoscopic remission 
with network meta-analysis are presented in the 
appendix (p 34). On active comparisons, combined oral 
and rectal 5-ASAs were significantly superior to all other 
inter ventions, except budesonide multimatrix (figure 4). 
High-dose mesalazine was superior to low-dose and 
standard-dose mesalazine, sulfasalazine, and controlled 
ileal-release budesonide, but not more effective than 
diazo-bonded 5-ASAs (OR 0·85, 95% CI 0·63−1·13) 
and budesonide multimatrix (0·94, 0·62−1·42). 
Standard-dose mesalazine was superior to low-dose 
mesalazine and sulfasalazine, but not more effective 
than diazo-bonded 5-ASAs or budesonide multimatrix 
(figures 3 and 4).

On SUCRA analysis, combined oral and rectal 5-ASAs 
(SUCRA 0·99) were ranked highest followed by 
high-dose mesalazine (SUCRA 0·82) in terms of 
inducing remission; corresponding imprecision in 
ranking probabilities is shown in the appendix (p 25). 
With a median placebo remission rate of 13% across 
trials, approximately 63% of patients treated with 
combined oral and rectal 5-ASA, 33% treated with a high-
dose mesalazine, and 26% treated with standard-dose 
mesalazine might be expected to achieve induction of 
clinical remission. Overall, at least moderate-quality 
evidence supports oral and rectal 5-ASAs and high-dose 
5-ASAs for induction of clinical remission over 
standard-dose mesalazine and placebo (table).

On pairwise meta-analysis, low-dose and standard-
dose mesalazine and sulfasalazine, but not diazo-bonded 
5-ASAs, were superior to placebo in terms of maintaining 

clinical remission (appendix, p 31). No placebo-
controlled trials of high-dose 5-ASAs or combination 
therapy of oral and rectal 5-ASAs were identified. Of 
note, budesonide formulations are not approved or 
indicated for maintenance of remission. On active 
comparisons, standard-dose mesalazine was signifi-
cantly superior to low-dose mesalazine, and did not 
differ signifi cantly from high-dose mesalazine for 
maintenance of clinical remission (appendix, p 32). 
Diazo-bonded 5-ASAs were superior to mesalazine for 
maintenance of remission, although trials used only 
low-dose mesalazine (appendix, p 33). Sulfasalazine 
was not different to mesalazine for maintenance of 
remission (appendix, p 33); in five of six trials, low-dose 
mesalazine (0·75−1·5 g/day) was used. Based on 
two trials, combined oral and rectal 5-ASAs were 
significantly superior to oral 5-ASAs for maintenance of 
remission (appendix, p 33). For all pairwise comparisons, 
heterogeneity was mild to moderate (I²<50%), except for 
diazo-bonded 5-ASAs versus placebo, and sulfasalazine 
versus placebo.

On network meta-analysis, low-dose, standard-dose, 
and high-dose mesalazine, diazo-bonded 5-ASAs, 
sulfasala zine, and combined oral and rectal 5-ASAs 
were significantly superior to placebo for maintenance of 
clinical remission. On active comparisons, high-dose and 
standard-dose mesalazine were superior to low-dose 
mesa lazine (figure 5). No other intervention was superior 
to other approaches, and there were no significant 
differences between standard-dose and high-dose 
mesalazine and combined oral and rectal 5-ASAs.

Figure 4: Comparative efficacy and tolerability of induction therapy for mild to moderate ulcerative colitis
Data are odds ratio (95% CI). Comparisons should be read from left to right. Odds ratios (ORs) for comparisons are in the cell in common between the 
column-defining and row-defining treatment. Numbers on darker background and in bold are statistically significant. For risk of failing to achieve clinical remission, 
an OR of less than 1 favours row-defining treatment. For risk of drug discontinuation (tolerability), an OR of less than 1 favours column-defining treatment. 
Budesonide multimatrix was given at 9 mg, high-dose mesalazine at >3 g/day, standard-dose mesalazine at 2–3 g/day, and low-dose mesalazine at <2 g/day. 
ASAs=aminosalicylates. CIR=controlled ileal release. 
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On SUCRA analysis, combined oral and rectal 5-ASAs 
(SUCRA 0·82) and high-dose mesalazine (0·82) were 
ranked highest in terms of maintenace of remission, 
followed by standard-dose mesalazine (0·69); cor res-
ponding imprecision in ranking prob abilities is shown in 
the appendix (p 25). With a median placebo rate of clinical 
relapse of 56% across trials in patients with quiescent 
ulcerative colitis, approximately 15% of patients treated 
with combined oral and rectal 5-ASAs, 16% treated with 
high-dose mesalazine, and 19%  treated with standard-
dose mesalazine might relapse over the course of 1 year. 
Overall, high-quality evidence supports standard-dose 
mesalazine over low-dose mesalazine or placebo for 
maintenance of clinical remission; only low-quality 
evidence supported oral and rectal 5-ASAs and high-dose 
mesalazine over standard-dose mesalazine for main-
tenance (table).

On network meta-analysis, overall and comparative 
efficacy of different interventions for induction of endo-
scopic remission was similar to findings on clinical 
remission (appendix, p 34). All interventions, except 
low-dose mesalazine, sulfasalazine, and controlled ileal-
release budesonide were significantly superior to placebo 
for induction of endoscopic remission. On SUCRA 
analysis, combined therapy with oral and rectal 5-ASAs 
(SUCRA 0·95) and high-dose mesalazine (0·81) were 
ranked highest.

On network meta-analysis of trials of induction therapy, 
standard-dose (OR 0·48, 95% CI 0·34−0·69) and high-dose 
mesalazine (OR 0·37, 0·25−0·53) and diazo-bonded 
5-ASAs (OR 0·44, 0·27−0·71) were better tolerated (ie, 
lower rates of treatment discontinuation) than placebo. On 
active comparisons, standard-dose and high-dose mesa-
lazine were better tolerated than budesonide multimatrix 
and sulfasalazine (figure 4). Tolerability of diazo-bonded 
5-ASAs and mesalazine was similar; diazo-bonded 5-ASAs 
were better tolerated than sulfasalazine and budesonide 
multimatrix. On SUCRA analysis, standard-dose 
(SUCRA 0·73) and high-dose mesalazine (0·93) and 
diazo-bonded 5-ASAs (0·81) were best tolerated, whereas 
sulfasalazine (0·15) and budesonide multimatrix (0·33) 
were not well tolerated.

By contrast, in trials of maintenance therapy, all agents 
were well tolerated in patients with quiescent disease; all 
doses of mesalazine and diazo-bonded 5-ASAs were better 
tolerated than placebo (figure 5). Sulfasalazine was also 
numerically better tolerated than placebo (OR 0·45, 95% CI 
0·20−1·02).

Formal assessment of funnel plot asymmetry was done 
for one comparison (high-dose mesalazine vs standard-
dose mesalazine for failure to induce clinical remission) 
with more than ten trials (appendix, p 35); for other direct 
comparisons, funnel plot asymmetry assessment is not 
recommended because there were fewer than ten trials. 
There was no evidence of network incoherence in trials of 
induction therapy; however, in trials of maintenance 
therapy, network incoherence was observed for the 

Induction of remission Maintenance of remission

Direct Network Direct Network

All interventions versus placebo

Low-dose mesalazine Moderate* Moderate High High

Standard-dose mesalazine High High High High

High-dose mesalazine High High ·· Moderate

CIR budesonide Low*† Moderate NA NA

Budesonide multimatrix Moderate* Moderate NA NA

Sulfasalazine Moderate* Moderate Low*‡ Low

Diazo-bonded 5-ASAs Moderate* Moderate Low*‡ Moderate

Oral and rectal 5-ASAs ·· Moderate ·· Low

All interventions versus low-dose mesalazine

Standard-dose mesalazine High High High High

High-dose mesalazine High High ·· Moderate

CIR budesonide ·· Low§ NA NA

Budesonide multimatrix ·· Moderate NA NA

Sulfasalazine Moderate* Low§ Low§ Moderate

Diazo-bonded 5-ASAs ·· Low Moderate*† Low

Oral and rectal 5-ASAs ·· Moderate Low§ Low

All interventions versus standard-dose mesalazine

High-dose mesalazine Moderate* High Low§ Low

CIR budesonide ·· Low§ NA NA

Budesonide multimatrix Low*† Low NA NA

Sulfasalazine Moderate Moderate Low§ Low

Diazo-bonded 5-ASAs Low*† Low§ ·· Low

Oral and rectal 5-ASAs Moderate* ·· Low*¶ Low

All interventions versus high-dose mesalazine

CIR budesonide Moderate* Moderate NA NA

Budesonide multimatrix ·· Low NA NA

Sulfasalazine ·· Moderate ·· Low

Diazo-bonded 5-ASAs ·· Low ·· ··

Oral and rectal 5-ASAs Low§ Moderate ·· Low

All interventions versus CIR budesonide

Budesonide multimatrix Low*† Low NA NA

Sulfasalazine ·· Low NA NA

Diazo-bonded 5-ASAs ·· Low NA NA

Oral and rectal 5-ASAs ·· Moderate NA NA

All interventions versus budesonide multimatrix

Sulfasalazine ·· Moderate NA NA

Diazo-bonded 5-ASAs ·· Low§ NA NA

Oral and rectal 5-ASAs ·· Low NA NA

All interventions versus sulfasalazine

Diazo-bonded 5-ASAs Moderate* Moderate Low*|| Low

Oral and rectal 5-ASAs Moderate* Moderate ·· Low

All interventions versus diazo-bonded 5-ASAs

Oral and rectal 5-ASAs ·· Moderate ·· Low

CIR=controlled ileal release. NA=not applicable. ASAs=aminosalicylates. *Rated down for imprecision. †Risk of bias. 
‡Rated down for inconsistency. §Rated down for serious imprecision. ¶Rated down for indirectness (comparator group 
received low-dose mesalazine, whereas combined mesalazine amount in intervention group exceeded 2 g).||Rated 
down for indirectness (few data on balsalazide, which might be the preferred diazo-bonded 5-ASA given higher 
intolerability with olsalazine due to diarrhoea). 

Table: Grading of Recommendations Assessment, Development and Evaluation Quality of Evidence of 
different interventions for induction and maintenance of clinical remission in patients with 
mild to moderate ulcerative colitis, based on direct meta-analysis and network meta-analysis
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comparison of low-dose mesalazine and sulfasalazine 
(p=0·003), diazo-bonded 5-ASAs (p=0·04) and com-
bination therapy of oral and rectal 5-ASAs (p=0·007), and 
for the comparison of standard-dose mesalazine and 
combined therapy with oral and rectal 5-ASAs (p=0·007).

Discussion
In this systematic review and network meta-analysis, 
which included 48 randomised trials (8020 participants) 
comparing eight active interventions for induction of 
remission, and 28 randomised trials (4218 participants, 
including 575 placebo-treated patients) comparing 
six active interventions for maintenance of remission in 
patients with left-sided or extensive ulcerative colitis, we 
were able to inform the treatment approach in these 
patients. For induction of remission, combined oral and 
rectal 5-ASAs are the most effective treatment strategy, 
followed by high-dose mesalazine (moderate confidence 
in estimates); standard-dose mesalazine is similar to 
diazo-bonded 5-ASAs, but superior to sulfasalazine. For 
maintenance of remission, standard-dose and high-dose 
mesalazine are similar (low confidence in estimates), and 
superior to low-dose mesalazine (high confidence in 
estimates). Budesonide multimatrix is not more effective 
than combined oral and rectal 5-ASAs or high-dose 
mesalazine and has inferior tolerability. Because of the 
paucity of data stratified by disease location (extensive 
colitis vs left-sided colitis) and use of rectal therapy alone 
as an effective treatment strategy for left-sided colitis, but 
not extensive colitis, we opted not to evaluate extensive 
and left-sided colitis separately. Most patients with 
ulcerative colitis have mild to moderate disease activity 
and are at low risk of colectomy. These patients are 
frequently managed by primary care physicians and 

general gastroenterologists, with considerable practice 
variability.9 Optimal management of these patients might 
reduce the risk of disease progression and complications.

Optimisation of 5-ASA is often an underused approach 
in the management of patients with mild to moderate 
ulcerative colitis;9 at the same time, 5-ASA-based therapy is 
often relied on too heavily, with failure to recognise 
patients who might be at high risk of colectomy and might 
therefore benefit from early escalation to immuno-
suppressive therapy. By informing comparative efficacy of 
different 5-ASA-based treatment strategies and a 
quantitative assessment of success of these therapies, we 
believe our findings can inform clinical practice and 
treatment guidelines.

Our study builds on findings from primary randomised 
trials and previous meta-analyses, by systematically 
synthesising available direct and indirect evidence 
on the efficacy and tolerability of treatment for 
mildly to moderately active extensive ulcerative colitis and 
adding recent studies on budesonide multimatrix.10−12 In 
clinical practice, addition of a rectal 5-ASA for induction of 
remission is frequently underused in patients with 
extensive ulcerative colitis. This might be related to limited 
recognition of the efficacy of this strategy, or physicians’ 
perception of what patients value and prefer. Decisions 
on preferred route of treatment administration are 
understandably patient sensitive, with inter-individual 
variability. In survey studies and focused group-based 
qualitative studies in patients with mild to moderate 
ulcerative colitis, efficacy, speed of onset of action, and 
avoidance of immunosuppressive agents are highly 
valued, as is route of administration.98−100 Although patients 
generally prefer oral administration over rectal therapy, 
they are often open to rectal therapy as an adjunct to be 

Figure 5: Comparative efficacy and tolerability of maintenance therapy for mild to moderate ulcerative colitis
Data are odds ratio (95% CI). Comparisons should be read from left to right. Odds ratios (ORs) for comparisons are in the cell in common between the column-defining 
and row-defining treatment. Numbers with darker background and in bold are statistically significant. For risk of failing to achieve clinical remission, an OR of less than 
1 favours row-defining treatment. For risk of drug discontinuation (tolerability), an OR of less than 1 favours column-defining treatment. High-dose mesalazine was 
given at >3 g/day, standard-dose mesalazine at 2–3 g/day, and low-dose mesalazine at <2 g/day. ASAs=aminosalicylates.
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used during acute flares, especially if immunosuppressive 
therapy can be avoided. Appropriate dosing of mesalazine 
is another area of considerable variability. Although several 
early trials used low-dose mesalazine (<2 g/day) both for 
induction and maintenance of remission, our findings 
show that this dose has significantly lower efficacy. 
Although traditional meta-analyses had shown only a 
small benefit (6% lower odds of failing to induce 
remission) of high-dose mesalazine (>3 g/day) over 
standard-dose (2−3 g/day) mesalazine, especially in a 
subset of patients with moderate disease, our network 
meta-analysis suggests that the effect estimate might be 
larger (22% lower risk of failing to achieve remission). We 
estimate, with median placebo rates of induction of 
remission of 13% in this population, approximately 33% 
of patients treated with oral high-dose mesalazine and 
26% treated with standard-dose mesalazine might be 
expected to achieve remission. However, our findings do 
not support superiority of high-dose mesalazine over 
standard-dose mesalazine for maintenance of remission. 
Although randomised trials on dose de-escalation 
from high-dose to standard-dose mesalazine have not 
been done, our findings support a cautious attempt at 
de-escalating patients with mild to moderate ulcerative 
colitis in clinical and endoscopic remission. This will help 
to decrease health-care costs associated with 5-ASA use in 
patients with ulcerative colitis.

Although a traditional meta-analysis based on two trials 
comparing olsalazine with placebo did not show 
superiority of diazo-bonded 5-ASAs over placebo because 
of small sample size and low event rate, our network meta-
analysis, by combining direct and indirect evidence, 
confirms superiority of diazo-bonded 5-ASAs over placebo.

Our findings confirmed that budesonide multimatrix 
9 mg is a safe and effective alternative for induction of 
remission in patients with mild to moderate ulcerative 
colitis; however, it was not more effective than an 
optimised 5-ASA. Given inferior tolerability and inability 
to use budesonide multimatrix for long-term maintenance, 
it might not be an appropriate first-line medication. 
Budesonide multimatrix, when added to a 5-ASA, has 
been suggested to have a small benefit in patients with 
persistent mild to moderate ulcerative colitis. Given 
its superior tolerability to oral prednisone, budesonide 
multimatrix might be an appropriate alternative to 
prednisone in this instance.

Besides the inherent limitations of individual trials, our 
analyses have limitations. For some comparisons, head-to-
head trials were few, especially for maintenance of 
remission. In some of these analyses, network incoherence 
was observed, especially for comparisons between low-
dose mesalazine, diazo-bonded 5-ASAs, and sulfasalazine. 
Pooled analyses of individual participant data from clinical 
trials might help to inform the comparative efficacy of 
different interventions, stratified by previous exposure to 
5-ASA therapy; similarly, individual participant data 
pooled analysis would also inform the efficacy of different 

interventions in patients with left-sided colitis versus 
extensive colitis. Different trials used different disease 
activity indices and had subtle differences in outcome 
definitions; however, most trials relied on a combination 
of improvement in clinical and endoscopic outcomes. 
Additionally, we did not specifically study the comparative 
efficacy of interventions for left-sided colitis. In these 
patients, rectal 5-ASA therapy alone might be as effective 
as, or even more effective than, oral therapy.

Contextualising findings on comparative efficacy and 
tolerability, coupled with patients’ values and preference 
and cost and resource use considerations, we suggest a 
treatment algorithm for patients with mild to moderate 
ulcerative colitis. Patients with mild ulcerative colitis 
are likely to achieve remission with standard-dose 
mesalazine or a diazo-bonded 5-ASA. In a subset of 
patients—particularly those with more moderately active 
disease, or those who live in areas where high-unit dose 
forms of mesalazine are available at a low cost—individual 
physicians might reasonably decide to use high-dose oral 
mesalazine for induction of remission. In patients with 
extensive colitis, a rectal 5-ASA might be added either 
upfront to standard-dose or high-dose oral mesalazine, or 
in 4−6 weeks in a subset of patients with suboptimal 
response to oral therapy. Likewise, budesonide multi-
matrix might be considered as monotherapy or in addition 
to 5-ASA therapy in patients with moderately active 
disease, either upfront or in the case of suboptimal 
response to optimised 5-ASA therapy. Low-dose 
mesalazine is not recommended for induction of 
remission. Although sulfasalazine has inferior tolerability 
and efficacy (in part because of limited ability to dose 
escalate), it might be considered in a small subset of 
patients with mild extra-intestinal articular manifestations. 
For maintenance of remission, standard-dose mesalazine 
and diazo-bonded 5-ASAs might be preferred options. 
High-dose mesalazine with or without a rectal 5-ASA is 
no more effective than standard-dose mesalazine, and 
consideration should be made to cautiously de-escalate 
patients who required high-dose mesalazine for induction 
of remission to standard-dose, after 6−12 months.

In conclusion, based on a systematic review and network 
meta-analysis of 48 randomised trials of induction therapy 
and 28 randomised trials of maintenance therapy, we 
identified that combined oral and rectal 5-ASAs and 
high-dose mesalazine might be most likely to induce 
remission, and standard-dose mesalazine and diazo-
bonded 5-ASAs might be effective maintenance therapies 
for most patients with mild to moderate extensive 
ulcerative colitis. Future studies on optimal risk 
stratification of patients with mild to moderate disease 
activity as having mild versus severe disease (low vs high 
risk of colectomy and adverse outcomes) is warranted to 
inform step therapy versus an early high-dose 5-ASA 
with or without a rectal 5-ASA. Similarly, studies 
informing when to escalate patients with mild to 
moderate disease activity from optimised 5-ASA therapy 
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to immunosuppressive agents are war ranted, especially 
for patients who require inter mittent corticosteroids.
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