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Abstract

Background: 5-Aminosalicylates [5-ASAs] are the mainstay of treatment for ulcerative colitis [UC]. 
The optimum preparation, dose, and route of administration for UC remain unclear. We conducted 
a network meta-analysis to examine this issue.
Methods: We searched MEDLINE, EMBASE, EMBASE Classic, and the Cochrane central register 
of controlled trials from inception to December 2020. We included randomised controlled trials 
[RCTs] comparing oral, topical, or combined oral and topical 5-ASAs, with each other or placebo 
for induction of remission or prevention of relapse of UC. Results were reported as pooled relative 
risks [RRs] with 95% confidence intervals [CIs] to summarise effect of each comparison tested, with 
treatments ranked according to P-score.
Results: We identified 40 RCTs for induction of remission and 23 for prevention of relapse. Topical 
mesalazine [P-score 0.99], or oral and topical mesalazine combined [P-score 0.87] ranked first and 
second for clinical and endoscopic remission combined. Combined therapy ranked first in trials 
where ≥50% of patients had left-sided/extensive disease, and topical mesalazine first in trials where 
≥50% of patients had proctitis/proctosigmoiditis. High-dose [≥3.3 g/day] oral mesalazine ranked 
third in most analyses, with the most trials and most patients. For relapse of disease activity, 
combined therapy and high-dose oral mesalazine ranked first and second, with topical mesalazine 
third. 5-ASAs were safe and well tolerated, regardless of regimen.
Conclusions: Our results support previous evidence; however, higher doses of oral mesalazine 
had more evidence for induction of remission than combined therapy and were significantly more 
efficacious than lower doses. Future RCTs should better establish the role of combined therapy for 
induction of remission, as well as optimal doses of oral 5-ASAs to prevent relapse.

Podcast: This article has an associated podcast which can be accessed at https://academic.oup.com/ecco-jcc/pages/podcast
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1. Introduction

Ulcerative colitis [UC] is a chronic inflammatory bowel disease that 
causes continuous mucosal inflammation of the lower gastrointes-
tinal tract, commencing in the rectum and extending proximally for 
a variable extent.1,2 Burden of disease studies report an estimated 
prevalence of 1 million affected people in the USA and 2.5 million 
in Europe.3 UC follows a relapsing and remitting course, with suf-
ferers experiencing intermittent flares of disease activity, the ma-
jority of which are treated with medical therapy. 5-Aminosalicylates 
[5-ASAs] are one of the oldest drugs used for the treatment of UC 
patients. Although the first use of sulphasalazine in UC was reported 
in 1941,4 its acceptability in clinical practice has been limited by 
various side effects, thought to arise from the sulphapyridine moiety, 
including nausea, vomiting, anaemia, fever, and headaches.5 Thus in 
the 1980s the advent of the 5-ASA moiety alone, mesalazine,6 which 
has a better side effect profile, changed the landscape of treatment 
for UC. 5-ASAs without the sulphapyridine moiety have since be-
come the mainstay of therapy for the induction of remission in mild-
to-moderately active UC,7 as well as for the prevention of relapse of 
disease activity in quiescent UC.

Over 90% of patients receive a 5-ASA within the first year of 
diagnosis, with between 60% and 90% continuing their use up 
to 15 years.7 Importantly, 5-ASA medications can be administered 
both orally and topically. Previous meta-analyses show that oral, 
topical, and combined oral and topical 5-ASAs are efficacious for 
both induction of remission in UC and prevention of relapse of dis-
ease activity.8–10 These meta-analyses suggest that higher doses of 
oral 5-ASAs are more efficacious than lower doses of oral 5-ASAs 
for inducing remission and for preventing relapse,8 that combined 
oral and topical 5-ASAs are more efficacious than oral 5-ASAs for 
induction of remission,8 and that topical 5-ASAs are more effica-
cious than oral 5-ASAs for preventing relapse of quiescent disease.8 
Current guidelines recommend topical 5-ASAs for active proctitis, 
and combined therapy with both oral and topical 5-ASAs for mildly 
to moderately active left-sided colitis and more extensive disease.11 
Moreover, they suggest that extensive UC of mild-to-moderate ac-
tivity can be approached with standard-dose [defined as 2 g to 3 
g/day] mesalazine or diazo-bonded 5-ASA [eg, balsalazide], to in-
duce remission.12 Regarding prevention of relapse, current European 
Crohn’s and Colitis Organisation [ECCO] guidelines state that rectal 
mesalazine should be used as first-line maintenance in proctitis and 
as an alternative in left-sided colitis. A combination of oral and top-
ical mesalazine can be used as second-line maintenance.11

Despite these meta-analyses and the recommendations of con-
temporaneous guidelines, there are few head-to-head trials com-
paring different routes of administration of 5-ASAs; there have been 
further studies comparing differing doses of oral 5-ASAs published 
in the intervening years. As a result, the relative efficacy of oral, top-
ical, or combined oral and topical 5-ASAs in inducing remission in 
mild-to-moderate UC, and in preventing relapse of quiescent UC, is 
unclear. In addition, previous meta-analyses have not assessed the 
efficacy of 5-ASAs according to disease distribution. Consequently, 
decision making regarding dose and route of 5-ASA therapy is based 
on older studies. One of the main drawbacks of studies exploring 
the use of 5-ASAs is the heterogeneity in dosing, regimen, and 
5-ASA used. This makes direct comparison between studies difficult. 
Network meta-analysis may be able to resolve some of this uncer-
tainty, because the methodology employed allows indirect, as well 
as direct, comparisons to be made across different RCTs, increasing 
the number of participants’ data available for analysis. In addition, 

this technique allows a credible ranking system of the likely efficacy 
of different drugs to be developed, which can aid clinical decision 
making. An earlier network meta-analysis of induction therapies for 
mild-to-moderately active UC reported that combined oral and top-
ical, and high-dose oral 5-ASAs, were ranked highest,13 but this net-
work meta-analysis was limited to induction of remission, and only 
included patients with left-sided or extensive disease.

We have therefore performed a network meta-analysis to evaluate 
the efficacy of oral, topical, or combined oral and topical 5-ASAs, 
compared with each other or with placebo in terms of induction 
of remission for active UC, and prevention of relapse for quiescent 
UC. We restricted our network meta-analysis to mesalazine and 
balsalazide, because olsalazine is rarely used and the use of sulpha-
salazine is limited by tolerability.14,15

2.  Methods

2.1.  Search strategy and study selection
A search of the medical literature was conducted using MEDLINE 
[1946 to 2 December 2020], EMBASE and EMBASE classic [1947 
to the 2 December 2020], the Cochrane central register of controlled 
trials [Issue 2, December 2020], and the Cochrane Inflammatory 
Bowel Disease Group Specialised Trials Register. We hand-searched 
conference proceedings [Digestive Diseases Week, American College 
of Gastroenterology, United European Gastroenterology Week, and 
the Asian Pacific Digestive Week] between 2006 and 2020 to identify 
studies published only in abstract form.

RCTs examining the efficacy of oral 5-ASAs, topical 5-ASAs, or 
combined oral and topical 5-ASAs, versus each other or versus a 
placebo, in adult patients [>90% of participants over the age of 16 
years] with active or quiescent UC were eligible for inclusion [Box 
1]. The first period of cross-over RCTs was also eligible for inclu-
sion. Duration of therapy had to be at least 14 days for induction of 
remission trials in active UC, and at least 6 months for prevention 
of relapse trials in quiescent UC. Trials using any dose of 5-ASAs 
were considered eligible. Studies had to report either an assessment 
of failure to achieve remission in active UC, or occurrence of relapse 
of disease activity in quiescent UC, at the last point of follow-up. 
For failure to achieve induction of remission, trials had to report 
one or more of the following endpoints: a composite of clinical and 
endoscopic remission; clinical remission; endoscopic remission; or 
histological remission. Trials of 5-ASAs in active UC which reported 
an improvement in disease activity as their only outcome were not 
eligible for inclusion. For relapse of disease activity, trials had to 
report one or more of the following endpoints: clinical and endo-
scopic relapse combined; clinical relapse; endoscopic relapse; or 
histological relapse. First and senior authors of the studies were con-
tacted to provide additional information on trials where required. 
The study protocol was published on the PROSPERO international 
prospective register of systematic reviews [registration number 
CRD42020185839]. Ethical approval for this evidence synthesis 
was not required.

Studies were identified with the terms ulcerative colitis or colitis 
[both as medical subject headings and as free text terms]. These were 
combined using the set operator AND with studies identified with 
the terms: mesalamine, or aminosalicylic acid [both as medical sub-
ject headings and as free text terms], or the following free text terms: 
balsalazide, mesalazine, pentasa, 5-ASA, 5ASA, 5-aminosalicylic$, 
5-aminosalicylate$, 5aminosalicylic$, or 5aminosalicylate$. There 
were no language restrictions. We screened the titles and abstracts of 
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all citations identified by our search for potential suitability and re-
trieved those that appeared relevant, to examine them in more detail. 
We performed a recursive search, using the bibliographies of all eli-
gible articles. We translated foreign language articles, where required. 
If a study appeared potentially eligible, but did not report the data 
required, we planned to contact authors to obtain supplementary in-
formation. We performed eligibility assessment independently. This 
was done by two investigators [ACF and BB], using pre-designed 
eligibility forms. We resolved any disagreements by consensus and 
measured the degree of agreement with a kappa statistic.

2.2.  Outcome assessment
The primary outcomes assessed were the efficacy of oral 5-ASAs, 
topical 5-ASAs, or combined oral and topical 5-ASAs, versus each 
other, or placebo, in terms of failure to achieve remission in ac-
tive UC and occurrence of relapse of disease activity in quiescent 
UC. Secondary outcomes included adverse events occurring due 
to therapy, including total numbers of adverse events, and adverse 
events leading to study withdrawal.

2.3.  Data extraction
Due to the large number of RCTs, data were extracted independently 
by one of three investigators [BB, JPS, and MNQ] on to a Microsoft 
Excel spreadsheet [XP professional edition; Microsoft, Redmond, 
WA] as dichotomous outcomes [remission or failure of remission in 
active UC, and relapse or no relapse of disease activity in quiescent 
UC]. A second person [ACF] data-extracted all trials independently, 
with results of data extraction compared and any disagreements 
resolved by consensus. We planned to extract these data for each 
trial according to the dose of oral or topical 5-ASA used. However, 
after an initial analysis, there was no dose-response effect of topical 
5-ASAs, so data for these trials were pooled together irrespective 
of dose. For oral 5-ASAs, we classed dosages of mesalazine of ≤1.6 
g/day as low-dose, 1.7 g to 3.2 g/day as standard-dose, and ≥3.3 
g/day as high-dose. For oral balsalazide, which has a lower total 
dose of 5-ASA [1 g balsalazide delivers 0.35 g 5-ASA], this was as 
follows: ≤4.5 g/day as low-dose and ≥4.6 g/day as standard-dose.16 
In addition, we extracted the following clinical data for each trial, 
where available: number of centres, country of origin, distribution of 
UC, endpoints used to define remission or relapse, dosage, route and 
schedule of 5-ASA used, duration of therapy, and number of individ-
uals incurring each [or any] of the adverse events of interest. Where 
individual trials used more than one endpoint to define failure of 
induction of remission, or relapse, we extracted data separately for 
each of the endpoints reported. We extracted data as intention-to-
treat analyses, with all dropouts assumed to be treatment failures [ie, 
failed to achieve remission in active UC trials or disease activity re-
lapsed in quiescent UC trials], wherever trial reporting allowed this. 
If the number of dropouts was not clear from the original article, we 
extracted data only for patients with reported evaluable data.

2.4.  Quality assessment and risk of bias
We used the Cochrane Risk of Bias tool to assess the quality of 
studies.17 Two investigators [ACF and BB] assessed study quality 
independently, with disagreements resolved by discussion. For all 
RCTs, we recorded the method used to generate the randomisation 
schedule and conceal treatment allocation, whether participants, 
personnel, and outcome assessments were blinded, whether there 
was evidence of incomplete patient outcome data, and whether there 
was evidence of selective reporting of patient outcomes.

2.5.  Data synthesis and statistical analysis
We performed a network meta-analysis using the frequentist model 
with the statistical package netmeta [version 0.9-0], in R [version 
3.4.6] to compare [directly and indirectly] the efficacy and safety of 
each treatment of interest across studies. The results were reported 
according to the PRISMA extension statement for network meta-
analyses.18 Network meta-analysis results usually give a more precise 
estimate of the relative efficacy and safety than results from standard 
pairwise analyses,19,20 and allow treatments to be ranked in terms of 
efficacy to help inform clinical decisions.21

We examined the symmetry and geometry of the data by produ-
cing a network plot, with node sizes corresponding to the number of 
study participants and connection sizes corresponding to the number 
of studies for each treatment. We planned to generate comparison-
adjusted funnel plots to evaluate publication bias and small-study 
bias for all available treatment comparisons, where sufficient studies 
[≥10] existed.22 These are scatterplots of effect size versus precision, 
measured via the inverse of the standard error. Symmetry around the 
effect estimate line indicates the absence of publication bias or small-
study bias.23 For each treatment, we generated a pooled relative risk 
[RR] with 95% confidence intervals [CIs] to summarise the effect of 
each comparison tested using a random effects model as a conser-
vative estimate. The RR of failure to achieve remission and the RR 
of relapse of disease activity were used as the measure of treatment 
efficacy, whereby if the RR is less than 1 and the 95% CI does not 
cross 1, there is a significant benefit of one treatment over another, 
or over placebo.

We assessed global statistical heterogeneity across all compari-
sons using the I2 measure with the netmeta statistical package. The 
I2 measure of heterogeneity ranges from 0% to 100%, whereby a 
value of 25% to 49% indicates low study heterogeneity, 50% to 
74% indicates moderate heterogeneity, and ≥75% indicates high het-
erogeneity.24 We ranked treatments according to the P-score, which 
generates a value between 0 and 1. P-scores are based solely on the 
point estimates and standard errors of the network estimates, and 
they measure the extent of certainty that one treatment is better ac-
cording to any given endpoint than another treatment as an average 
over all other competing treatments.25 The higher the P-score, the 
greater the probability of the treatment being ranked as best,25 but 
the magnitude of the P-score should also be considered because, as 
the mean value is always 0.5, if individual treatments cluster around 
this value, it is likely that they have similar efficacies. However, when 
interpreting the results, it is also important to take the RR and cor-
responding 95% CI for each comparison into account, rather than 
relying on rankings alone.26 In our primary analysis, we pooled data 
for all trials, irrespective of disease distribution, but we conducted 
a subgroup analysis of the efficacy of 5-ASAs only in trials that re-
cruited ≥50% of patients with proctitis or proctosigmoiditis, or only 
in trials in which ≥50% or more of patients had left-sided or exten-
sive colitis. Trials that included equal numbers of patients with proc-
titis or proctosigmoiditis and patients left-sided or extensive colitis 
contributed to both these analyses.

3.  Results

The literature search identified 18 314 citations, of which 18 135 
were excluded on review of the title and abstract [Figure 1]. From 
these we identified 181 articles that appeared to be relevant to the 
study question. In total, 69 of these articles,6,16,27–93 reporting on 67 
separate RCTs and containing 11 733 subjects with UC, fulfilled the 
eligibility criteria. Two of these articles were dual publications,29,53 
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but provided extra data on three other studies.28,40,52 Agreement be-
tween investigators for assessment of study eligibility was excellent 
[kappa statistic = 0.85]. There were 43 RCTs, reported in 45 art-
icles, comparing the efficacy of oral and topical 5-ASAs with each 
other and/or placebo in inducing remission of active UC,6,27–70 and 24 
trials examining efficacy in preventing relapse of quiescent UC.16,71–93 
However, four of these trials were excluded, ultimately, from our 
reported analyses, as they only compared one dose of topical 5-ASA 
with another, and we pooled all topical 5-ASA treatment arms to-
gether.27,47,61,71 Detailed characteristics of all included studies in-
cluded in our analyses are provided in Supplementary Tables 1 and 2, 
available as Supplementary data at ECCO-JCC online. Patients were 
allocated to active therapy or placebo as described in Supplementary 
Tables 3 and 4, available as Supplementary data at ECCO-JCC on-
line. All trials, except four, were published in full.37,68,70,76 Risk of bias 
for all included trials is reported in Supplementary Tables 5 and 6, 
available as Supplementary data at ECCO-JCC online; only eight 
were at low risk of bias across all domains.6,33,35,47,65,66,90,91 We pro-
vide data concerning histological remission and adverse events in 
the Supplementary Materials, available as Supplementary data at 
ECCO-JCC online.

3.1.  Failure to achieve induction of remission
Forty RCTs reported data concerning efficacy of 5-ASAs in the in-
duction of remission of active UC.6,28,30–46,48–52,54–60,62–70 Thirteen RCTs 
recruited ≥50% of patients with left-sided colitis and extensive col-
itis,6,39,42,52,55,57,58,62–64,67,69,70 16 RCTs recruited ≥50% of patients with 
proctitis and proctosigmoiditis,28,30–33,35,36,40,41,43–45,50,54,66,68 and six 
studies recruited equal numbers of patients with left-sided colitis 
and extensive colitis or proctitis and proctosigmoiditis.34,49,51,56,59,65

Five RCTs did not report disease distribution.37,38,46,48,60 Among 
20 trials using high-dose oral mesalazine, nine used 4.8 g/day, one 
4.5 g/day, six 4 g/day, and four 3.6 g/day. Among 23 RCTs using 
standard-dose oral mesalazine, one used 3 g/day, 17 used 2.4 g/day, 
two used 2.4 g/day or 2.25 g/day, one used 2.25 g/day, and two used 
2 g/day. Finally, among seven trials using low-dose oral mesalazine, 
two used 1.6 g/day, one 1.5 g/day, two 1.2 g/day, one 1 g/day, and 
one 800 mg/day.

3.2.  Failure to achieve clinical and endoscopic 
remission
There were 25 RCTs, in 26 articles,6,28–30,38,40,42,45,46,48,51,52,55–60,62–67,69,70 
reporting on clinical and endoscopic remission. In total, 4800 pa-
tients were recruited of whom 3979 were randomised to active 
treatment. The network plot is provided in Supplementary Figure 
1A, available as Supplementary data at ECCO-JCC online. Pooled 
analysis revealed low levels of statistical heterogeneity [I2 = 43.1%]. 
There was no evidence of funnel plot asymmetry, suggesting publi-
cation bias, or other small study effects [Supplementary Figure 1B]. 
Topical mesalazine, combined oral and topical mesalazine, high-dose 
oral mesalazine, standard-dose oral mesalazine, and standard-dose 
balsalazide were all significantly more efficacious than placebo, but 
topical mesalazine alone [RR = 0.51; 95% CI 0.41 to 0.63, P-score 
0.99] and combined oral and topical mesalazine [RR = 0.62; 95% 
CI 0.50 to 0.78, P-score 0.87], were ranked first and second, re-
spectively [Figure 2A]. This means that the probabilities of either 
topical mesalazine alone or combined oral and topical mesalazine 
being the most efficacious when all treatments, including placebo, 
were compared with each other, were 99% and 87%, respectively. 
However, high-dose and standard-dose oral mesalazine had the most 

Studies identified in literature
search (n = 18,314)

Studies retrieved for evaluation
(n = 181)

Excluded (title and abstract
revealed not appropriate)

(n = 18,133)

Excluded (n=112) because:
• Not the comparison of 

interest = 56
• Not the intervention of 

interest = 35
• Dual publication = 11
• Not randomised = 5
• Not the endpoint of interest

= 3
• Duration of treatment too 

short =1 
• Pooled analysis of other 

RCTs = 1

69 articles eligible, including 67
separate RCTs of oral 5-ASAs, topical
5-ASAs, or combined oral and topical
5-ASAs vs. each other or placebo in

induction of remission or prevention of
relapse in UC:

• Induction of remission = 43 
   RCTs in 45 articles
• Prevention of relapse = 24 
   RCTs

Figure 1. Flow diagram of assessment of studies identified in the network meta-analysis.
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trials and the most patients [14 RCTs, 1411 patients; and 16 trials, 
1718 patients, respectively]. Low-dose mesalazine and low-dose 
balsalazide were no more efficacious than placebo. After indirect 
comparison of active treatments, both topical mesalazine and com-
bined oral and topical mesalazine were superior to all other active 
treatments [Figure 2B]. High-dose oral mesalazine was superior to 
both standard- and low-dose oral mesalazine.

Following sensitivity analysis based on disease distribution, there 
were 17 RCTs reported in 18 articles,6,29,40,42,51,52,55–59,62–65,67,69,70 with 
clinical and endoscopic remission endpoints in trials recruiting ≥50% 
of patients with left-sided colitis or extensive colitis. Similarly there 
were eight trials, reported in nine articles,28–30,45,51,56,59,65,66 recruiting 
≥50% of patients with proctitis or proctosigmoiditis. When RCTs in 
left-sided colitis or extensive colitis were pooled, there was low het-
erogeneity [I2 = 44.4%]. Standard-dose oral balsalazide ranked first 
[RR = 0.51; 95% CI 0.33 to 0.80, P-score 0.93], combined oral and 
topical mesalazine second [RR = 0.62; 95% CI 0.48 to 0.80, P-score 
0.83], and high-dose oral mesalazine ranked third [RR = 0.80; 95% 
CI 0.74 to 0.87, P-score 0.57] [Supplementary Figure 2A, avail-
able as Supplementary data at ECCO-JCC online], but the latter 
in the most trials and with the largest number of patients. Topical 
mesalazine and low-dose oral mesalazine were no better than pla-
cebo. League ranking is provided in Supplementary Figure 2B. When 
trials in patients with proctitis and proctosigmoiditis were pooled, 

there was no heterogeneity [I2 = 0%]. Topical mesalazine was ranked 
first [RR = 0.46; 95% CI 0.37 to 0.58, P-score 0.99] [Supplementary 
Figure 3A, available as Supplementary data at ECCO-JCC online] 
and was superior to high-dose and standard-dose oral mesalazine 
[Supplementary Figure 3B].

3.3.  Failure to achieve clinical remission
There were 25 RCTs31–36,39–41,43–45,48–50,54,57–60,64,65,67–69 reporting on in-
duction of clinical remission following 5-ASA treatment. A total 
of 4559 patients were recruited in these studies, of whom 3696 
were randomised to active treatment. The network plot is provided 
in Supplementary Figure 4A, available as Supplementary data at 
ECCO-JCC online. When data were pooled, there was low hetero-
geneity [I2 = 42.7%] with no evidence of funnel plot asymmetry 
[Supplementary Figure 4B]. Combined oral and topical mesalazine, 
topical mesalazine alone, high-dose oral mesalazine, standard-dose 
oral balsalazide, and standard-dose oral mesalazine were all signifi-
cantly more efficacious than placebo [Figure 3A]. Again, high-dose 
and standard-dose oral mesalazine had the most trials with the most 
patients [11 trials, 1146 patients, and 14 RCTs, 1373 patients, re-
spectively], although there were 10 trials of topical mesalazine con-
taining 572 patients. Combined oral and topical mesalazine was 
ranked first [RR = 0.43; 95% CI 0.22 to 0.80, P-score 0.91], but 
95% CIs were wide, and topical mesalazine ranked second [RR = 

Topical mesalazine

Treatment

A

B

Comparison: other vs ‘Placebo’
(Random effects model) RR 95%-CI P-score

Combined oral and topical mesalazine
High-dose oral mesalazine

Standard-dose oral balsalazide
Low-dose oral balsalazide
Standard-dose oral mesalazine
Low-dose oral mesalazine

0.4 0.75

Favours experimental Favours placebo

1 1.5

0.99
0.87
0.63
0.50
0.43
0.38
0.16

0.51 (0.41; 0.63)
0.62 (0.50; 0.78)
0.81 (0.75; 0.87)
0.84 (0.74; 0.95)
0.86 (0.70; 1.05)
0.87 (0.81; 0.93)
0.95 (0.84; 1.08)
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Figure 2. Network meta-analysis of likelihood of failure to achieve clinical and endoscopic remission in induction of remission trials. A. Forest plot for failure to 
achieve clinical and endoscopic remission in induction of remission trials. B. Summary treatment effects from the network meta-analysis for failure to achieve 
clinical and endoscopic remission in induction of remission trials.
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0.53; 95% CI 0.45 to 0.61, P-score 0.83]. Conversely, low-dose oral 
balsalazide and low-dose oral mesalazine were no more efficacious 
than placebo. Indirect comparison of active treatments revealed that 
combined oral and topical mesalazine was superior to standard-dose 
and low-dose oral mesalazine, and topical mesalazine alone was su-
perior to all other active treatments, except low-dose oral balsalazide 
[Figure 3B]. High-dose oral mesalazine was superior to low-dose 
oral mesalazine.

In a subgroup analysis based on disease distribution, there were 
11 RCTs34,39,40,49,57–59,64,65,67,69 providing clinical remission data which 
recruited ≥50% of patients with left-sided colitis or extensive colitis, 
and 16 trials31–36,41,43–45,49,50,54,59,65,68 providing data which recruited 
≥50% of patients with proctitis or proctosigmoiditis. When RCTs in 
left-sided colitis or extensive colitis were pooled, there was border-
line low heterogeneity [I2 = 22.9%] and combined oral and topical 
mesalazine ranked first [RR = 0.31; 95% CI 0.12 to 0.82, P-score 

0.97] [Supplementary Figure 5A, available as Supplementary data 
at ECCO-JCC online], above high-dose and standard-dose oral 
mesalazine. However, 95% CIs were wide and the latter two had 
the most trials and the most patients. Topical mesalazine and low-
dose oral mesalazine were no different to placebo. League ranking 
is provided in Supplementary Figure 5B. Combined oral and top-
ical mesalazine was superior to all other active treatments except 
topical or high-dose oral mesalazine. When trials in patients with 
proctitis and proctosigmoiditis were pooled, there was moderate 
heterogeneity [I2 = 63.3%], and topical mesalazine ranked first [RR 
= 0.50; 95% CI 0.39 to 0.63, P-score 0.87] and was the only ef-
ficacious therapy compared with placebo [Supplementary Figure 
6A, available as Supplementary data at ECCO-JCC online]. Topical 
mesalazine was superior to all other therapies, except combined oral 
and topical mesalazine and low-dose balsalazide [Supplementary 
Figure 6B].
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Figure 3. Network meta-analysis of likelihood of failure to achieve clinical remission in induction of remission trials. A. Forest plot for failure to achieve clinical 
remission in induction of remission trials. B. Summary treatment effects from the network meta-analysis for failure to achieve clinical remission in induction of 
remission trials.
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3.4.  Failure to achieve endoscopic remission
In total, there were 23 RCTs, reported in 25 art-
icles,28,29,31–37,39–41,43–45,52–54,57,60,65–67,69,70 which recruited 3408 patients, 
2542 of whom were randomised to active treatment, providing 
these data. The network plot is provided in Supplementary Figure 
7A, available as Supplementary data at ECCO-JCC online. When 
data were pooled, there were low levels of statistical heterogeneity 
[I2 = 38.2%]. On visual inspection, there was evidence of funnel plot 
asymmetry, suggesting publication bias or other small-study effects 
[Supplementary Figure 7B]. Combined oral and topical mesalazine, 
topical mesalazine alone, high-dose oral mesalazine, and standard-
dose oral mesalazine were all significantly more efficacious than pla-
cebo, but combined oral and topical mesalazine [RR = 0.57; 95% 
CI 0.45 to 0.73, P-score 0.90] and topical mesalazine alone [RR = 
0.58; 95% CI 0.51 to 0.66, P-score 0.90] were both ranked as the 
most efficacious relative to placebo in four RCTs [196 patients] and 
11 trials [697 patients], respectively [Figure 4A], with high-dose 
oral mesalazine third in 10 RCTs [719 patients]. Standard-dose oral 
balsalazide and low-dose oral mesalazine were no more efficacious 
than placebo. After indirect comparison of active treatments, both 
combined oral and topical mesalazine and topical mesalazine alone 

were superior to all other active treatments, except high-dose oral 
mesalazine [Figure 4B]. High-dose oral mesalazine was superior to 
low-dose oral mesalazine.

After subgroup analysis according to disease distribution, there 
were nine RCTs reported in 11 articles,29,34,39,40,52,53,57,65,67,69,70 pro-
viding endoscopic remission and recruiting ≥50% of patients with 
left-sided colitis or extensive colitis, and 14 trials, reported in 15 
articles, recruiting ≥50% of patients with patients with proctitis or 
proctosigmoiditis.28,29,31–36,41,43–45,54,65,66 When RCTs in left-sided col-
itis or extensive colitis were pooled, there was minimal heterogen-
eity [I2 = 15.1%]; combined oral and topical mesalazine was still 
ranked first [RR = 0.61; 95% CI 0.47 to 0.79, P-score 0.88], with 
topical mesalazine second [RR = 0.64; 95% CI 0.44 to 0.95, P-score 
0.74], and high-dose oral mesalazine third [RR = 0.68; 95% CI 
0.60 to 0.79, P-score 0.68] [Supplementary Figure 8A, available as 
Supplementary data at ECCO-JCC online]. Combined oral and top-
ical mesalazine and high-dose oral mesalazine were both superior 
to low-dose mesalazine [Supplementary Figure 8B]. When trials in 
patients with proctitis and proctosigmoiditis were pooled, there 
was moderate heterogeneity [I2 = 57.2%], and ranking of therapies 
was identical (combined oral and topical mesalazine, [RR = 0.50; 
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Figure 4. Network meta-analysis of likelihood of failure to achieve endoscopic remission in induction of remission trials. A. Forest plot for failure to achieve 
endoscopic remission in induction of remission trials. B. Summary treatment effects from the network meta-analysis for failure to achieve endoscopic remission 
in induction of remission trials.
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95% CI 0.27 to 0.94, P-score 0.88], topical mesalazine [RR = 0.57; 
95% CI 0.49 to 0.67, P-score 0.83], and high-dose oral mesalazine 
[RR = 0.67; 95% CI 0.49 to 0.90, P-score 0.64]) [Supplementary 
Figure 9A, available as Supplementary data at ECCO-JCC online]. 
Topical mesalazine was superior to all other therapies, except com-
bined oral and topical mesalazine and high-dose oral mesalazine 
[Supplementary Figure 9B].

3.5.  Relapse of disease activity
In total, 23 RCTs reported data concerning efficacy of 5-ASAs in 
relapse of disease activity in quiescent UC, with a total of 4224 pa-
tients.16,72–93 There were 3489 patients randomised to active treat-
ment. Among two trials using high-dose oral mesalazine, one used 
4.8 g/day and one 4 g/day. Among six RCTs using standard-dose 
oral mesalazine, three used 3 g/day and three used 2.4 g/day. Finally, 
among 13 trials using low-dose oral mesalazine three used 1.6 g/day, 
one used 1.6 g/day or 800 mg/day, six 1.5 g/day, and three 1.2 g/day.

The network plot is provided in Supplementary Figure 10A, avail-
able as Supplementary data at ECCO-JCC online. Due to insuffi-
cient numbers of trials reporting relapse of disease activity according 
to each of our endpoints of interest, we pooled data for all trials 
irrespective of definition of relapse used, with low levels of statistical 
heterogeneity [I2 = 30.2%]. On visual inspection, there was evidence 
of funnel plot asymmetry, suggesting publication bias or other small-
study effects [Supplementary Figure 10B]. All treatments, except 
standard-dose or low-dose balsalazide, were more efficacious than 
placebo [Figure 5A]. Combined oral and topical mesalazine was 
ranked first [RR = 0.44; 95% CI 0.28 to 0.69, P-score 0.91], with 
high-dose oral mesalazine second [RR = 0.54; 95% CI 0.42 to 0.71, 
P-score 0.75], and topical mesalazine third [RR = 0.56; 95% CI 0.45 
to 0.68, P-score 0.72]. Indirect comparison of active treatments re-
vealed that combined oral and topical mesalazine was superior to 
low-dose oral mesalazine and low-dose oral balsalazide, but there 
were no other significant differences [Figure 5B].

After subgroup analysis according to disease distribution, there 
were 15 studies recruiting ≥50% of patients with left-sided colitis 
and extensive colitis16,72,74,76–80,83,85,87,88,90–92 and eight RCTs recruiting 
≥50% of patients with proctitis or proctosigmoiditis.73,75,77,79,82,84–86 
In trials of left-sided or extensive colitis, there was low heterogen-
eity [I2 = 33.2%]. Again, all treatments, except standard-dose or 
low-dose balsalazide, were more efficacious than placebo, but com-
bined oral and topical mesalazine and topical mesalazine alone were 
ranked first and second [RR = 0.46; 95% CI 0.28 to 0.75, P-score 
0.86 and RR = 0.48; 95% CI 0.31 to 0.73, P-score 0.83, respect-
ively] [Supplementary Figure 11A, available as Supplementary data 
at ECCO-JCC online]. High-dose oral mesalazine was ranked third 
[RR = 0.55; 95% CI 0.42 to 0.72, P-score 0.73]. Combined oral and 
topical mesalazine was superior to both low-dose oral mesalazine 
and low-dose oral balsalazide [Supplementary Figure 11B]. Trials re-
cruiting ≥50% of patients with proctitis or proctosigmoiditis only 
studied standard- or low-dose oral mesalazine or topical mesalazine. 
When data were pooled, there was low heterogeneity [I2 = 45.3%]. 
Only topical mesalazine was superior to placebo [Supplementary 
Figure 12A, available as Supplementary data at ECCO-JCC online], 
with no difference between active therapies on indirect comparison 
[Supplementary Figure 12B].

4.  Discussion

In this systematic review and network meta-analysis, we compared 
efficacy of oral, topical, or combined oral and topical 5-ASAs, versus 
each other, or placebo, in terms of failure to achieve remission in 

active UC, as well as of relapse of disease activity in quiescent UC. 
For failure to induce remission in active UC, through network meta-
analysis we were able to demonstrate that a combination of oral and 
topical mesalazine was ranked first or second compared with other 
forms of mesalazine, across a variety of endpoints and particularly 
in trials recruiting ≥50% of patients with left-sided or extensive dis-
ease. Topical mesalazine was ranked first for most analyses in trials 
that recruited ≥50% of patients with proctitis or proctosigmoiditis. 
However, in most analyses high-dose oral mesalazine was ranked 
third and had the most trials and most patients. For the most 
rigorous endpoint, clinical and endoscopic remission, high-dose oral 
mesalazine was superior to both standard- and low-dose mesalazine. 
For relapse of disease activity in quiescent UC, combined oral and 
topical mesalazine and high-dose oral mesalazine ranked first and 
second, with topical mesalazine the third most efficacious treat-
ment. However, there were few trials of combined oral and topical 
mesalazine or high-dose oral mesalazine, and no clear evidence that 
higher doses of oral mesalazine were more efficacious than lower 
doses. In patients with proctitis and proctosigmoiditis, topical 
mesalazine was the only treatment that was superior to placebo for 
prevention of relapse. 5-ASAs were safe and well tolerated, regard-
less of treatment regimen.

We used rigorous methodology to maximise the likelihood of 
identifying all pertinent literature and to minimise bias. The litera-
ture search, eligibility assessment, and data extraction for this net-
work meta-analysis were undertaken independently by multiple 
reviewers, with any discrepancies resolved by consensus. We used an 
intention-to-treat analysis, with all dropouts assumed to have failed 
therapy, and pooled data with a random effects model, to reduce 
the likelihood that any beneficial effect of oral, topical, or combined 
oral and topical 5-ASAs had been overestimated. The network meta-
analysis allowed us to make indirect comparisons between over 4000 
patients across various dose regimens and drug delivery methods in 
some of our analyses. Furthermore, we conducted subgroup analyses 
to assess treatment efficacy according to disease distribution.

There are some limitations of this study. Our conclusions are 
limited by the quality of the included trials; only eight were low 
risk of bias across all domains. Therefore, the results of the network 
meta-analysis should be interpreted with caution. It is well known 
that trials that do not report their methodology in sufficient detail 
tend to overestimate the efficacy of the active intervention studied.94 
Moreover, a wide range of measures of treatment efficacy were used, 
and they were reported at various timepoints in the studies. However, 
we tried to standardise this as much as possible in our analyses, ac-
cording to the criteria used to define remission. There was moderate 
to high heterogeneity in some of our analyses and evidence of funnel 
plot asymmetry in some of our analyses. A combination of differ-
ences in disease extent among patients recruited into these trials, 
as well as variations in the specific interventions studied, may have 
contributed to this. One of the core assumptions in network meta-
analysis relates to transitivity, where indirect comparisons between 
treatments are based on the assumption that any patient included in 
the network could, theoretically, have been recruited to any of the 
trials and assigned to any of the treatments. These comparisons are 
not protected by randomisation, and therefore confounding due to 
underlying differences between RCTs, including patient character-
istics, disease distribution and severity, and changes in the natural 
history of UC over the 30-year range during which these trials were 
conducted, is possible. One final criticism that could be levelled at 
this study is that the majority of included RCTs were performed in 
Europe and North America, meaning that the results may not apply 
to patients with UC in other regions.
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We are aware of one other network meta-analysis examining a 
similar issue,13 which included 48 trials of induction of remission, 
and 28 prevention of relapse RCTs, but only in patients with left-
sided or extensive UC. This also encompassed trials of olsalazine, 
sulphasalazine, and budesonide MMX. The authors reported that 
combined oral and topical 5-ASAs and high-dose oral mesalazine 
were ranked first and second for induction of remission and were 
superior to standard-dose oral 5-ASAs. There were no differences 
between active therapies in terms of prevention of relapse; all were 
superior to placebo. However, the doses of 5-ASA assigned to 
low- [<2 g/day], standard- [2 g to 3 g/day], or high-dose [>3 g/day] 
5-ASAs were different from the ones we chose, did not differ ac-
cording to whether balsalazide or mesalazine was used, and they 
only considered clinical or endoscopic remission in their analysis, 
not the more stringent endpoint of clinical and endoscopic remis-
sion. Finally, there was no analysis of trials recruiting patients with 
proctosigmoiditis.

Current guidelines from ECCO recommend topical 5-ASAs for 
active proctitis, and combined therapy with both oral and topical 
5-ASAs for mildly-to-moderately active left-sided or extensive col-
itis.11 Our results support the efficacy of topical mesalazine for proc-
titis and proctosigmoiditis; it was ranked first or second in most 
analyses relating to failure to achieve induction of remission when 
including trials in which ≥50% of patients had disease confined to 
the rectum and sigmoid. It was superior to both high-dose [≥3.3 g/
day] and standard-dose [1.7 g to 3.2 g/day] oral mesalazine for clin-
ical and endoscopic remission combined for and clinical remission, 
and was superior to standard-dose oral mesalazine for endoscopic 
remission. Recent guidelines from the American Gastroenterology 
Association [AGA] suggest that combination therapy is preferable 
for mildly-to-moderately active left-sided or extensive disease,12,95 
with oral 5-ASAs given at doses >2 g/day and at least 1 g/day of 
topical therapy.95 Although combined oral and topical mesalazine 
ranked first or second for failure to achieve induction of remission 
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Figure 5. Network meta-analysis of likelihood of relapse of disease activity in prevention of relapse trials. A. Forest plot for relapse of disease activity in 
prevention of relapse trials. B. Summary treatment effects from the network meta-analysis for relapse of disease activity in prevention of relapse trials.
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analyses in all trials, and when trials recruiting ≥50% of patients 
with left-sided or extensive colitis were considered, there were small 
numbers of RCTs and patients included and 95% CIs were wide. In 
most of our analyses for failure to achieve induction of remission, 
there were more trials and more patients receiving high-dose oral 
mesalazine. Therefore, evidence to support superiority of combin-
ation therapy over high-dose oral mesalazine in left-sided or exten-
sive disease is limited.

Alternatively, the AGA guideline suggests that extensive UC of 
mild-to-moderate activity can also be managed with standard-dose 
oral mesalazine [2 g to 3 g/day] or a diazo-bonded 5-ASA, such 
as balsalazide or olsalazine, to induce remission.12,95 These recom-
mendations were made on the basis of equivalence in terms of effi-
cacy and safety between oral doses of 5-ASAs of 2 g to 2.4 g/day and 
higher doses of 4.8 g/day.96 However, Hanauer et al. reported stat-
istically significant higher rates of mucosal healing and endoscopic 
improvement, during a 6-week treatment period, with 4.8 g/day oral 
mesalazine when compared with a 2.4 g/day regimen, in patients 
with mildly-to-moderately active UC.51,56 Similarly our network 
meta-analysis, which included the aforementioned studies, demon-
strated that although high-dose oral mesalazine was ranked lower 
than combination therapy, it was significantly more efficacious than 
standard-dose oral mesalazine for a combination of clinical and endo-
scopic remission, the most stringent endpoint we studied. Sixteen of 
the 20 RCTs of high-dose oral mesalazine included in this network 
meta-analysis used doses of 4 g/day or higher. Given the absence of 
dose-dependent toxicity and the potential risks of suboptimal dis-
ease control with lower doses of oral mesalazine, on the basis of the 
results of this network meta-analysis doses of oral mesalazine of 4 
g/day or higher should be preferred, particularly in patients at high 
risk of treatment failure. This both supports and informs the recom-
mendations of the AGA guideline concerning the latter group, which 
includes those with moderate disease naïve to 5-ASAs, those with a 
suboptimal response to standard-dose mesalazine, and those who 
require glucocorticosteroids to achieve remission.95

Regarding relapse of disease activity, the ECCO guideline states 
that topical mesalazine should be used as first-line maintenance in 
proctitis and is an alternative in left-sided colitis.11 They also rec-
ommend that a combination of oral and topical mesalazine be used 

as second-line maintenance treatment. They propose that effective 
doses to maintain remission are 2 g/day for oral mesalazine and 3 
g/week in divided doses for topical treatment.11 Our results demon-
strate that although combined oral and topical mesalazine and high-
dose oral mesalazine ranked first and second in terms of relapse of 
disease activity in quiescent UC, most included trials used standard- 
or low-dose oral mesalazine. Standard-dose oral mesalazine trials 
all used doses of 2.4 g/day or more. The added benefits of high-
dose mesalazine to prevent relapse of disease activity are unclear. 
De-escalation should be considered,95 but this needs to be done with 
caution, particularly in patients with a short history of remission 
or previous glucocorticosteroid use.97 When only RCTs recruiting 
≥50% of patients with proctitis or proctosigmoiditis were con-
sidered, topical mesalazine was the only treatment more efficacious 
than placebo.

Various diverse mechanisms by which 5-ASAs work in UC 
have been proposed.98 However, studies have shown consistently 
that these drugs appear to induce anti-inflammatory responses 
by acting locally on the colonic mucosa, rather than systemically. 
Frieri et al. demonstrated that mesalazine concentrations in the 
rectal and colonic mucosa were significantly higher when combin-
ation therapy was administered to patients with UC, compared with 
oral mesalazine alone.99 It is therefore intuitive that use of 5-ASAs 
should aim to maximise coverage of actively inflamed colonic mu-
cosa. However, although combination regimens consisting of both 
oral and topical mesalazine can be considered in patients with more 
extensive disease, this network meta-analysis underlines the limited 
data for their efficacy versus the alternatives. Higher doses of oral 
mesalazine may be sufficient and perhaps more acceptable to pa-
tients, as some investigators have shown that adherence to topical 
therapies is significantly lower than to oral 5-ASAs100 and foam 
enemas, in particular, may be poorly tolerated.101 Despite the fact 
that, in general, many patients tolerate 5-ASA formulations well, 
side effects including nausea, abdominal pain, headache, rash, arth-
ralgia, myalgia, or renal impairment may occur.102 However, in both 
induction of remission and prevention of relapse trials, total adverse 
events were no more common with active therapies compared with 
placebo in this network meta-analysis, and in induction of remission 
trials withdrawal of therapy due to adverse events was significantly 

Box 1. Eligibility criteria.

Randomised controlled trials.

Adults [>90% of patients aged >16 years] with ulcerative colitis [UC]
Compared oral, topical, or combined oral and topical 5-ASA drugsa with each other,b or with placebo
Minimum duration of therapy of 14 days in trials reporting on failure of induction of remission in active 
UC
Minimum duration of therapy of 6 months in trials reporting relapse of disease activity in quiescent UC
Assessment of failure to achieve remission in active UC, or relapse of disease activity in quiescent UC, at last 
time point of assessment in the trialc

5-ASA, 5-aminosalicylic acid.
aMesalazine or balsalazide.
bFor trials that only compared different dosages of oral 5-ASAs with each other, we classified these according to total daily dose. For oral mesalazine 

this was as follows: ≤1.6 g/day low-dose; 1.7 g to 3.2 g/day standard-dose; ≥3.3 g/day high-dose. For oral balsalazide, which has a lower total dose of 
5-ASA [1 g balsalazide delivers 0.35 g 5-ASA]16 this was as follows: ≤4.5 g/day low-dose; ≥4.6 g/day standard-dose.

cFor trials reporting failure of induction of remission we extracted data for any of the following: clinical and endoscopic remission combined [eg, as 
part of a disease activity index, such as the Mayo score]; clinical remission; endoscopic remission; or histological remission, wherever reported. For trials 
of relapse of disease activity, we extracted data for clinical and endoscopic relapse combined, clinical relapse, endoscopic relapse, or histological relapse.
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less likely with high-dose and standard-dose oral mesalazine and 
with standard-dose balsalazide, compared with placebo.

In summary, our network meta-analysis supports recommenda-
tions that combined oral and topical 5-ASAs be preferred for induc-
tion of remission in mild-to-moderately active left-sided or extensive 
UC, and that topical therapies be preferred in proctitis and procto
sigmoiditis.11,12,95 However, higher doses of oral mesalazine [≥3.3 g/
day] had more evidence for their efficacy than combined therapy, 
in left-sided or extensive disease, and were significantly more ef-
ficacious than lower doses. In fact, most trials of high-dose oral 
mesalazine used doses ≥4 g/day. It would appear, therefore, that cur-
rent recommended doses of oral 5-ASAs for induction of remission 
are not those likely to be the most efficacious.12,95 In terms of relapse 
of disease activity in quiescent UC, topical mesalazine appeared best 
for disease confined to the rectum or sigmoid, and combined oral 
and topical mesalazine best for left-sided or extensive disease, but 
there were more trials of oral mesalazine. High-dose oral mesalazine 
was ranked higher than standard- or low-dose, although there was 
little evidence for difference in efficacy between them. Future RCTs 
should aim to better establish the role of combined oral and topical 
therapy for induction of remission in left-sided or extensive UC, as 
well as examine whether higher doses of oral 5-ASAs are superior in 
preventing relapse of quiescent disease.
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