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ABSTRACT
Background: Numerous biologics and small molecules are licensed as maintenance therapy for ulcerative colitis (UC). Differences 
in the design of randomised controlled trials (RCTs) have not been considered when comparing efficacy between them.
Aims: To examine the relative efficacy of biologics and small molecules by network meta- analysis according to trial design.
Methods: We searched the literature to 27 February 2025 for RCTs. We judged efficacy using clinical remission, endoscopic 
improvement, endoscopic remission, or corticosteroid- free remission and according to previous exposure or non- exposure to 
advanced therapies. Random effects model with data reported as pooled relative risks (RR) with 95% confidence intervals (CI); 
drugs ranked by p- score.
Results: We identified 28 RCTs, 16 re- randomising 6568 patients and 12 treating through 3771 patients. In re- randomised 
studies, upadacitinib 30 mg o.d. ranked first for clinical remission (RR of failure to achieve clinical remission = 0.52; 95% CI 
0.44–0.61, p- score 0.99) and endoscopic improvement (RR = 0.43; 95% CI 0.35–0.52, p- score 0.99). Vedolizumab 300 mg 4- weekly 
ranked first for endoscopic remission (RR = 0.73; 95% CI 0.64–0.84, p- score 0.92) and guselkumab 200 mg 4- weekly first for 
corticosteroid- free remission (RR = 0.40; 95% CI 0.28–0.55, p- score 0.95). In treat- through studies, etrasimod 2 mg o.d. ranked 
first for clinical remission (RR = 0.73; 95% CI 0.64–0.83, p- score 0.88) and infliximab 10 mg/kg 8- weekly first for endoscopic im-
provement (RR = 0.64; 95% CI 0.56–0.74, p- score 0.94).
Conclusion: In network meta- analysis, upadacitinib and etrasimod were consistently efficacious as maintenance therapy in UC.

1   |   Introduction

Ulcerative colitis (UC) is a chronic, immune- mediated in-
flammatory disease of the colon, characterised by periods of 
remission and relapse, leading to significant morbidity and 

impaired quality of life [1]. Effective long- term management 
of UC relies on maintaining remission to prevent complica-
tions such as colectomy [2], hospitalisation [3], or cortico-
steroid dependence [4], which are associated with increased 
risks of infections, osteoporosis and metabolic disorders. 
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Conventional therapies, including 5- aminosalicylates and im-
munomodulators, often fail to sustain remission in patients 
with moderate to severe disease, necessitating the use of ad-
vanced therapies to re- induce remission, including biological 
therapies targeting tumour necrosis factor (TNF)- α, integrins, 
or interleukins, as well as small molecules such as Janus ki-
nase (JAK) inhibitors and sphingosine- 1- phosphate (S1P) re-
ceptor modulators [5–9].

Despite their efficacy in the induction phase, maintaining re-
mission even with these therapies remains a major challenge, as 
response rates often decline over time due to primary or second-
ary loss of response [10]. The selection of the most appropriate 
maintenance therapy for UC is particularly complex due to het-
erogeneity in patient characteristics, previous exposure to other 
advanced therapies, and variability in clinical, endoscopic, and 
histological endpoints used in different randomised controlled 
trials (RCTs). Although individual trials have demonstrated 
the efficacy of these therapies in maintaining remission, direct 
head- to- head comparisons are scarce [11], making it difficult to 
determine the relative positioning of available drugs.

In recent years, network meta- analyses have provided a compre-
hensive framework for indirect comparisons, allowing the evi-
dence for efficacy to be compared across multiple interventions 
in numerous conditions [12]. However, most previous networks 
studying maintenance therapy in UC have focused primarily on 
clinical remission and endoscopic improvement, without incor-
porating a broader range of outcomes, such as corticosteroid- 
free remission and histological response [13–15]. Additionally, 
existing evidence syntheses have not considered variations 
in study design adequately, such as whether trials used a re- 
randomisation strategy or a treat- through approach, and some 
have methodological issues.

To address these current gaps in the evidence, this systematic 
review and network meta- analysis aimed to evaluate the com-
parative efficacy and safety of biological therapies and small 
molecules as maintenance therapy in UC. We compared the 
efficacy of different therapies across multiple outcomes, includ-
ing clinical remission as our primary endpoint of interest, and 
endoscopic improvement or remission, histologic improvement, 
corticosteroid- free remission and safety as secondary endpoints. 
Additionally, we assessed the impact of trial design in terms of 
re- randomisation vs. treat- through and prior exposure to ad-
vanced therapies on treatment rankings, to provide a more com-
prehensive understanding of optimal maintenance therapies 
for UC.

2   |   Methods

2.1   |   Search Strategy and Selection Criteria

We searched MEDLINE (1 January 1946–27 February 2025), 
EMBASE and EMBASE Classic (1 January 1947–27 February 
2025), and the Cochrane Central Register of Controlled Trials. 
In addition, we searched clini caltr ials. gov for recently completed 
trials or Supporting Infromation S1 for potentially eligible RCTs. 
Conference proceedings (Digestive Diseases Week, American 
College of Gastroenterology, United European Gastroenterology 

Week and the Asian Pacific Digestive Week) between 2001 and 
2024 were obtained as part of the electronic search and were 
used to identify trials published only in abstract form. Finally, 
we used bibliographies of all obtained articles to perform a re-
cursive search.

Eligible RCTs examined the efficacy of biological therapies 
(anti- TNFα antibodies [infliximab, adalimumab, or golim-
umab], anti- integrin antibodies [vedolizumab or etrolizumab], 
anti- interleukin- 12/23 antibodies [ustekinumab], or anti- 
interleukin- 23 antibodies [mirikizumab, risankizumab, or 
guselkumab]) or small molecules (JAK inhibitors [tofacitinib, 
filgotinib, or upadacitinib] or S1P receptor modulators [oza-
nimod or etrasimod]), as maintenance therapy, at the doses 
taken through into testing in phase III clinical trials. Trials had 
to either randomise patients to active drug or placebo at base-
line, or administer open- label drug at baseline, with patients 
receiving active drug assessed for response subsequently and 
then responders being re- randomised to active drug or placebo 
as maintenance therapy (trials re- randomising patients), or be 
randomised to active drug or placebo at baseline, with treat-
ment continued as maintenance through to the final point of 
follow- up without re- randomisation (trials treating patients 
through). Studies had to recruit ambulatory adults (≥ 18 years) 
with UC (Table S1), and compared biological therapies or small 
molecules with placebo, or with each other. We required a min-
imum follow- up duration of 26 weeks, with endpoints of interest 
reported at completion of therapy.

Two investigators (BB and ACF) conducted independent litera-
ture searches. We identified maintenance studies on UC with: 
colitis or UC (both as medical subject headings and free text 
terms). We combined these using the set operator AND with 
studies identified with: infliximab, remicade, adalimumab, 
humira, golimumab, simponi, vedolizumab, entyvio, etroli-
zumab, ustekinumab, stelara, mirikizumab, risankizumab, 
guselkumab, tofacitinib, xeljanz, filgotinib, upadacitinib, oza-
nimod, or etrasimod and applied the clinical trials filter in 
OVID. There were no language restrictions. Two investigators 
(BB and ACF) assessed all identified abstracts independently. 
We obtained potentially relevant articles and evaluated them 
with pre- designed forms, assessing eligibility independently 
according to our pre- defined criteria. We translated foreign 
language papers if required. We resolved disagreements be-
tween investigators by discussion. As the study involved re-
sults of RCTs rather than human subjects, ethical approval 
was not required.

2.2   |   Outcome Assessment

We assessed the efficacy of biological therapies or small mol-
ecules, compared with placebo or each other, in terms of fail-
ure to achieve clinical remission as our primary endpoint of 
interest. We also assessed failure to achieve endoscopic im-
provement, failure to achieve endoscopic remission, failure to 
achieve histological improvement, failure to achieve histologi-
cal remission, or failure to achieve corticosteroid- free remission 
(only in those receiving corticosteroids at baseline) at the last 
point of follow- up of the trial as secondary endpoints. Other 
secondary outcomes assessed included safety (total numbers of 
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treatment- emergent adverse events, as well as serious adverse 
events, serious infections and adverse events leading to study 
withdrawal), if reported.

2.3   |   Data Extraction

Two investigators (BB and ACF) extracted efficacy and safety 
data from all eligible studies independently from each other 
onto a Microsoft Excel spreadsheet (Microsoft 365; Microsoft 
Corp, Redmond, WA, USA) as dichotomous outcomes (clinical 
remission or no clinical remission, endoscopic improvement or 
no endoscopic improvement, etc.) at the last point of follow- up 
as treatment was completed. We assessed efficacy according to 
the proportion of patients failing to achieve each of the end-
points of interest and safety as the proportion of patients experi-
encing each of the adverse events of interest. We also extracted 
the following data for each trial, where available: design, coun-
try of origin, number of centres, disease extent, proportion of 
patients who were naïve to advanced therapies, dose and treat-
ment schedule of active therapy and placebo, and duration of 
follow- up. We extracted efficacy data as intention- to- treat anal-
yses, with dropouts assumed to be treatment failures (i.e., no 
clinical remission, no endoscopic improvement, etc. with bio-
logical therapy, small molecule, or placebo), wherever trial re-
porting allowed. If this was unclear in the original article, we 
performed an analysis on all evaluable patients. We compared 
the results of the two investigators' data extraction, with all dis-
crepancies highlighted and resolved by discussion between the 
two investigators.

2.4   |   Assessment of Risk of Bias

We used the Cochrane risk of bias tool to assess this at the study 
level [16]. Two investigators (BB and ACF) performed this in-
dependently, resolving any disagreements by discussion. We re-
corded the method used to generate the randomisation schedule 
and conceal treatment allocation, as well as whether blinding 
was implemented for participants, personnel and outcomes as-
sessment, whether there was evidence of incomplete outcomes 
data, and whether there was evidence of selective reporting of 
outcomes.

2.5   |   Data Synthesis and Statistical Analysis

Given it is not appropriate to compare the results of trials re- 
randomising patients with those treating patients through, or 
to pool them together in a network meta- analysis, we analysed 
trials separately, according to their design, for each endpoint. 
In each case, we performed a network meta- analysis using the 
frequentist model, with the statistical package ‘netmeta’ (ver-
sion 0.9- 0, https:// cran. r-  proje ct. org/ web/ packa ges/ netme ta/ 
index. html) in R (version 4.0.2), reporting this according to the 
PRISMA extension statement for network meta- analyses [17]. 
We explored direct and indirect treatment comparisons of the 
efficacy and safety of each intervention. Network meta- analysis 
results can give a more precise estimate, compared with those 
from standard, pairwise analyses [12, 18], and can rank inter-
ventions to inform clinical decisions [19].

We examined the symmetry and geometry of the evidence by 
producing a network plot with node size corresponding to the 
number of study subjects and connection size corresponding to 
the number of studies. We produced comparison adjusted funnel 
plots to assess for publication bias or other small study effects 
for all available comparisons. This is a scatterplot of effect size 
versus precision, measured via the inverse of the standard error, 
with symmetry around the effect estimate line indicating the 
absence of publication bias or small study effects [20], as judged 
by two reviewers (BB and ACF). Network and funnel plots were 
created using R (version 4.0.2). We used a pooled relative risk 
(RR) with 95% confidence intervals (CIs) to judge the efficacy of 
each comparison tested with a random effects model used as a 
conservative estimate. We used a RR of failure to achieve clini-
cal remission or failure to achieve endoscopic improvement, etc. 
This approach is likely to be the most consistent across individ-
ual trials compared with a RR of cure or improvement or using 
the odds ratio (OR) for some meta- analyses [21].

Many meta- analyses use the I2 statistic to measure heteroge-
neity, which ranges between 0% and 100% [22]. This statistic is 
easy to interpret and does not vary with the number of studies. 
However, its value can increase with the number of patients in-
cluded in a meta- analysis [23]. We, therefore, assessed global 
statistical heterogeneity across all comparisons using the τ2 
measure from the ‘netmeta’ statistical package. Estimates of τ2 
of 0.04, 0.16 and 0.36 are considered to represent low, moderate 
and high levels of heterogeneity, respectively [24]. We checked 
the correlation between direct and indirect evidence across the 
network via consistency modelling [25], generating network heat 
plots. These have grey squares representing the size of the con-
tribution of the direct estimate of one study design in columns, 
compared with the network estimate in rows [26]. The coloured 
squares around these represent the change in inconsistency be-
tween direct and indirect evidence in a network estimate in the 
row after relaxing the consistency assumption for the effect of 
one design in the column. Blue squares indicate direct evidence 
in the column supports the indirect evidence in the row, yellow 
squares indicate no major inconsistency but some degree of dis-
parity between direct and indirect evidence, and red squares are 
‘hotspots’ of inconsistency between direct and indirect evidence.

We ranked all biological therapies and small molecules, versus 
placebo or each other, according to their p- score, which is a 
value between 0 and 1, and based solely on point estimates 
and standard errors from the network estimates. It measures 
the mean extent of certainty that one intervention is better 
than another, averaged over all competing interventions [27], 
with higher scores indicating a greater probability of the in-
tervention being ranked as best [27]. However, the magnitude 
of the p- score should be considered, as well as the rank. As 
the mean value of the p- score is always 0.5 if individual in-
terventions cluster around this value, they are likely to be of 
similar efficacy. Of note, when interpreting the results, it is 
also important to take the RR and corresponding 95% CI for 
each comparison into account, rather than only relying on 
rankings [28]. In our primary analyses, we pooled data for all 
patients, but we also performed a priori subgroup analyses for 
each efficacy endpoint according to whether or not patients 
had been exposed to advanced therapies previously. Some 
RCTs only recruited patients that were naïve to advanced 
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therapies, but among trials that did not restrict recruitment 
to this population, this information was reported in different 
ways. Most RCTs reported efficacy according to any prior ex-
posure to advanced therapies, but a smaller number reported 
efficacy specifically according to previous failure of advanced 
therapies. As denominators for prior exposure and failure 
were similar, wherever trials reported both, and as the num-
ber of trials reporting prior exposure was higher, we extracted 
efficacy according to prior exposure, wherever possible.

For our primary analysis of failure to achieve clinical remission, 
we used the Confidence in Network Meta- Analysis (CINeMA) 
framework to evaluate confidence in the indirect and direct 
treatment estimates from the network [29, 30], which is en-
dorsed by the Cochrane Collaboration. This includes the Risk of 
Bias from Missing Evidence in Network Meta- Analysis tool for 
evaluation of reporting bias [31].

3   |   Results

The search strategy generated 5128 citations, 92 of which ap-
peared relevant and were retrieved for further assessment. Of 
these, we excluded 65 that did not fulfil eligibility criteria, with 
reasons provided in Figure S1, leaving 27 eligible articles [5–9, 
11, 32–52], reporting on 28 trials. Sixteen re- randomised 6568 
patients responding to active drug administered at baseline to 
either active drug or placebo [6, 7, 9, 40–52], and 12 were treat- 
through trials randomising 3771 patients to active drug or pla-
cebo at baseline, summarised in 11 articles [5, 8, 11, 32–39]. 
Agreement between investigators for trial eligibility was ex-
cellent (kappa statistic = 0.86). Patients were allocated to active 
therapy or placebo as described in Tables S2 and S3, according to 
trial design. Two treat- through trials were head- to- head studies, 
one of vedolizumab versus adalimumab [11], and the other of 
etrolizumab versus infliximab [37].

Detailed characteristics of individual RCTs, according to 
design, are provided in Tables  S4 and S5. Among the 16 re- 
randomised trials, seven reported the proportion of patients 
with previous exposure to advanced therapies [9, 40, 43–45, 
47, 49], five the proportion with previous failure of advanced 
therapies [6, 7, 48, 50, 51], three recruited only patients naïve 
to advanced therapies [41, 42, 46], and one did not report 
this information at all [52]. Among the 12 treat- through tri-
als, eight recruited only patients naïve to advanced therapies 
[5, 8, 32–37], three reported the proportion of patients with pre-
vious exposure to advanced therapies [8, 11, 38], and one did 
not report this information at all [39]. Risk of bias items for all 
included trials, according to design, are reported in Tables S6 
and S7. Five of 12 treat- through trials were at low risk of bias 
across all domains [8, 34, 36–38], and six of 16 re- randomised 
trials [6, 40, 47–49, 51]. Endpoints reported in each of the trials, 
according to design, are reported in Tables S8 and S9. Two re- 
randomised trials reported corticosteroid- free remission data 
in separate articles [53, 54]. All endpoints for treat- through tri-
als, and safety endpoints for re- randomised RCTs, are provided 
in the Supporting Infromation S1. Assessment of endoscopic 
remission or histological endpoints was not feasible in treat- 
through trials, as only two RCTs, with no common comparator, 

reported endoscopic remission data [8, 37], and only three tri-
als reported histological endpoints [8, 11, 38], but these were 
not comparable.

3.1   |   Failure to Achieve Clinical Remission in 
Trials Re- Randomising Patients

The network plot for all 16 trials re- randomising patients 
[6, 7, 9, 40–52], containing 6568 patients, for clinical remission 
is provided in Figure S2. There was low heterogeneity in this 
analysis (τ2 = 0.0011), but the funnel plot appeared asymmetri-
cal (Figure S3), suggesting publication bias or other small study 
effects. All drugs and dosages, other than etrolizumab 105 mg 
4- weekly, were superior to placebo, but upadacitinib 30 mg o.d. 
ranked first (RR of failure to achieve clinical remission = 0.52; 
95% CI 0.44–0.61, p- score 0.99) (Figure 1a), meaning that the 
probability that upadacitinib was the most effective drug for 
clinical remission was 99%. Guselkumab 200 mg 4- weekly 
ranked second (RR = 0.62; 95% CI 0.52–0.73, p- score 0.85) and 
vedolizumab 108 mg subcutaneously 2- weekly ranked third 
(RR = 0.63; 95% CI 0.51–0.78, p- score 0.80). After direct and 
indirect comparison, upadacitinib 30 mg o.d. was superior 
to all drugs other than guselkumab 200 mg 4- weekly, vedol-
izumab 108 mg subcutaneously 2- weekly, and vedolizumab 
300 mg 4- weekly (Table 1), with moderate to high confidence 
in the results of all analyses according to the CINeMA frame-
work (Table  S10). Guselkumab 200 mg 4- weekly was supe-
rior to ozanimod 1 mg o.d. (moderate confidence according 
to the CINeMA framework), risankizumab 360 mg or 180 mg 
8- weekly (moderate confidence for both), ustekinumab 90 mg 
12- weekly (moderate confidence), golimumab 100 mg or 50 mg 
4- weekly (moderate confidence for both), filgotinib 100 mg o.d. 
(high confidence), and etrolizumab 105 mg 4- weekly (high 
confidence). Vedolizumab 108 mg subcutaneously 2- weekly 
was superior to risankizumab 360 mg 8- weekly (moderate con-
fidence), golimumab 50 mg 4- weekly (moderate confidence), 
filgotinib 100 mg o.d. (moderate confidence), and etrolizumab 
105 mg 4- weekly (moderate confidence).

In 14 RCTs reporting clinical remission data in 3411 patients 
naïve to advanced therapies [6, 7, 40–44, 46–52], again upadac-
itinib 30 mg o.d. ranked first and guselkumab 200 mg 4- weekly 
second, with risankizumab 360 mg 8- weekly third (Figure S4), 
but with no significant differences between active drugs after 
direct and indirect comparison (Table  S11). In 12 trials re-
porting clinical remission data in 2091 patients previously ex-
posed to advanced therapies [6, 7, 40, 43–45, 47–52], again 
upadacitinib 30 mg o.d. ranked first, but mirikizumab 200 mg 
4- weekly ranked second, and vedolizumab 300 mg 8- weekly 
third (Figure  S5). After direct and indirect comparison upad-
acitinib 30 mg o.d. was superior to all drugs other than mirik-
izumab 200 mg 4- weekly, vedolizumab 300 mg 8- weekly and 
guselkumab 100 mg 8- weekly (Table S12). Mirikizumab 200 mg 
4- weekly was superior to filgotinib 200 mg or 100 mg o.d., ri-
sankizumab 360 mg or 180 mg 8- weekly, ustekinumab 90 mg 
12- weekly and etrolizumab 105 mg 4- weekly. Vedolizumab 
300 mg 8- weekly was superior to filgotinib 100 mg o.d., risanki-
zumab 360 mg 8- weekly, ustekinumab 90 mg 12- weekly and 
etrolizumab 105 mg 4- weekly.
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3.2   |   Failure to Achieve Endoscopic Improvement 
in Trials re- Randomising Patients

The network plot for 15 trials re- randomising patients 
[6, 7, 9, 41–52], containing 6130 patients, for endoscopic im-
provement is provided in Figure  S6. There was low heteroge-
neity (τ2 = 0.0017), but the funnel plot appeared asymmetrical 
(Figure  S7), suggesting publication bias or other small study 
effects. All drugs and dosages, other than filgotinib 100 mg o.d., 
were superior to placebo, but upadacitinib 30 mg o.d. ranked 
first (RR of failure to achieve endoscopic improvement = 0.43; 
95% CI 0.35–0.52, p- score 0.99) (Figure 1b). Vedolizumab 300 mg 
4- weekly ranked second (RR = 0.55; 95% CI 0.43–0.69, p- score 
0.84) and vedolizumab 108 mg subcutaneously 2- weekly third 
(RR = 0.55; 95% CI 0.42–0.72, p- score 0.82). After direct and 
indirect comparison, upadacitinib 30 mg o.d. was superior to 
all drugs other than vedolizumab 300 mg 4- weekly and vedoli-
zumab 108 mg subcutaneously 2- weekly (Table 2). Vedolizumab 
300 mg 4- weekly was superior to tofacitinib 5 mg b.i.d., ozanimod 
1 mg o.d., golimumab 100 mg or 50 mg 4- weekly, risankizumab 
360 mg 8- weekly, ustekinumab 90 mg 12- weekly, etrolizumab 
105 mg 4- weekly and filgotinib 100 mg o.d. Vedolizumab 108 mg 
subcutaneously 2- weekly was superior to golimumab 50 mg 
4- weekly, ustekinumab 90 mg 12- weekly, etrolizumab 105 mg 
4- weekly and filgotinib 100 mg o.d.

In 10 RCTs reporting endoscopic improvement data in 2505 
patients naïve to advanced therapies [7, 41–43, 46–51], risanki-
zumab 360 mg 8- weekly ranked first, upadacitinib 30 mg o.d. 
second and guselkumab 200 mg 4- weekly third (Figure S8), but 
with no significant differences between active drugs after direct 
and indirect comparison (Table S13). In eight trials reporting en-
doscopic improvement data in 1929 patients previously exposed 
to advanced therapies [7, 43, 45, 47–51], upadacitinib 30 mg o.d. 
ranked first, with vedolizumab 300 mg 8- weekly second and 
guselkumab 100 mg 8- weekly third (Figure S9), although vedol-
izumab 300 mg 8- weekly was not superior to placebo. After 
direct and indirect comparison upadacitinib 30 mg o.d. was su-
perior to all drugs other than vedolizumab 300 mg 8- weekly and 
guselkumab 100 mg 8- weekly. Guselkumab 100 mg 8- weekly 
was superior to etrolizumab 105 mg 4- weekly, filgotinib 200 mg 
or 100 mg o.d., risankizumab 360 mg 8- weekly and ustekinumab 
90 mg 12- weekly (Table S14).

3.3   |   Failure to Achieve Endoscopic Remission in 
Trials re- Randomising Patients

The network plot for 10 trials re- randomising patients [6, 9, 
41, 44–46, 48–51], containing 4460 patients, for endoscopic re-
mission is provided in Figure S10. There was no heterogeneity 

FIGURE 1    |    (a) Forest plot for failure to achieve (a) clinical remission, (b) endoscopic improvement, (c) endoscopic remission and (d) corticosteroid- 
free remission in trials re- randomising patients with UC.The p- score is the probability of each intervention being ranked as best in the network.
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[0.58; 0.78]
[0.58; 0.79]
[0.59; 0.78]
[0.62; 0.83]
[0.63; 0.82]
[0.63; 0.88]
[0.65; 0.84]
[0.68; 0.88]
[0.68; 0.94]
[0.69; 0.95]
[0.70; 0.94]
[0.71; 0.97]
[0.73; 0.98]
[0.78; 0.98]
[0.84; 1.05]

P−Score

0.99
0.85
0.80
0.75
0.72
0.72
0.71
0.69
0.68
0.56
0.55
0.49
0.49
0.39
0.33
0.29
0.29
0.24
0.21
0.15
0.07

Treatment

Upadacitinib 30mg o.d.
Vedolizumab 300mg 4−weekly
Vedolizumab 108mg S/C 2−weekly
Mirikizumab 200mg 4−weekly
Vedolizumab 300mg 8−weekly
Guselkumab 200mg 4−weekly
Upadacitinib 15mg o.d.
Guselkumab 100mg 8−weekly
Tofacitinib 10mg b.i.d.
Ustekinumab 90mg 8−weekly
Risankizumab 180mg 8−weekly
Filgotinib 200mg o.d.
Tofacitinib 5mg b.i.d.
Ozanimod 1mg o.d.
Golimumab 100mg 4−weekly
Risankizumab 360mg 8−weekly
Golimumab 50mg 4−weekly
Ustekinumab 90mg 12−weekly
Etrolizumab 105mg 4−weekly
Filgotinib 100mg o.d.

0.2 0.75 1 1.5

Comparison: other vs ’Placebo’
(Random Effects Model)

Favours experimental Favours placebo

RR

0.43
0.55
0.55
0.58
0.59
0.60
0.60
0.62
0.63
0.68
0.72
0.72
0.72
0.74
0.74
0.76
0.78
0.79
0.81
0.89

95%−CI

[0.35; 0.52]
[0.43; 0.69]
[0.42; 0.72]
[0.49; 0.69]
[0.50; 0.70]
[0.50; 0.72]
[0.51; 0.70]
[0.52; 0.74]
[0.53; 0.73]
[0.56; 0.83]
[0.59; 0.88]
[0.62; 0.84]
[0.62; 0.83]
[0.63; 0.87]
[0.63; 0.88]
[0.63; 0.91]
[0.65; 0.94]
[0.66; 0.95]
[0.71; 0.93]
[0.78; 1.02]

P−Score

0.99
0.84
0.82
0.77
0.75
0.74
0.74
0.67
0.67
0.50
0.41
0.40
0.40
0.36
0.35
0.32
0.26
0.24
0.19
0.08

Treatment

Vedolizumab 300mg 4−weekly
Upadacitinib 30mg o.d.
Guselkumab 100mg 8−weekly
Guselkumab 200mg 4−weekly
Vedolizumab 300mg 8−weekly
Upadacitinib 15mg o.d.
Vedolizumab 108mg S/C 2−weekly
Golimumab 50mg 4−weekly
Etrolizumab 105mg 4−weekly
Tofacitinib 10mg b.i.d.
Risankizumab 360mg 8−weekly
Tofacitinib 5mg b.i.d.
Golimumab 100mg 4−weekly
Risankizumab 180mg 8−weekly
Filgotinib 200mg o.d.
Filgotinib 100mg o.d.

0.5 0.75 1 1.5

Comparison: other vs ’Placebo’
(Random Effects Model)

Favours experimental Favours placebo

RR

0.73
0.76
0.77
0.78
0.79
0.80
0.80
0.86
0.86
0.87
0.89
0.89
0.90
0.90
0.91
0.94

95%−CI

[0.64; 0.84]
[0.70; 0.83]
[0.68; 0.87]
[0.70; 0.88]
[0.72; 0.88]
[0.74; 0.87]
[0.69; 0.93]
[0.77; 0.96]
[0.78; 0.94]
[0.81; 0.93]
[0.80; 0.98]
[0.83; 0.95]
[0.81; 1.00]
[0.82; 1.00]
[0.85; 0.97]
[0.87; 1.00]

P−Score

0.92
0.84
0.81
0.77
0.73
0.71
0.69
0.48
0.47
0.43
0.34
0.33
0.29
0.28
0.25
0.15

Treatment

Guselkumab 200mg 4−weekly
Ustekinumab 90mg 8−weekly
Upadacitinib 30mg o.d.
Upadacitinib 15mg o.d.
Guselkumab 100mg 8−weekly
Ustekinumab 90mg 12−weekly
Vedolizumab 300mg 4−weekly
Mirikizumab 200mg 4−weekly
Filgotinib 200mg o.d.
Infliximab 120mg 2−weekly
Vedolizumab 300mg 8−weekly
Vedolizumab 108mg S/C 2−weekly
Tofacitinib 5mg b.i.d.
Tofacitinib 10mg b.i.d.
Golimumab 50mg 4−weekly
Etrolizumab 105mg 4−weekly
Ozanimod 1mg o.d.
Golimumab 100mg 4−weekly
Filgotinib 100mg o.d.

0.1 0.75 1 1.5

Comparison: other vs ’Placebo’
(Random Effects Model)

Favours experimental Favours placebo

RR

0.40
0.41
0.44
0.58
0.60
0.59
0.63
0.69
0.77
0.77
0.78
0.80
0.81
0.81
0.87
0.90
0.90
0.92
0.92

95%−CI

[0.28; 0.55]
[0.27; 0.62]
[0.33; 0.59]
[0.45; 0.76]
[0.47; 0.76]
[0.41; 0.84]
[0.51; 0.79]
[0.57; 0.83]
[0.68; 0.89]
[0.65; 0.93]
[0.67; 0.91]
[0.65; 0.99]
[0.71; 0.93]
[0.70; 0.94]
[0.73; 1.03]
[0.81; 1.00]
[0.82; 0.99]
[0.79; 1.07]
[0.83; 1.02]

P−Score

0.95
0.94
0.92
0.77
0.75
0.75
0.71
0.63
0.48
0.47
0.46
0.41
0.39
0.39
0.26
0.19
0.19
0.16
0.15
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(τ2 = 0), and the funnel plot appeared symmetrical (Figure S11). 
All drugs and dosages, other than golimumab 100 mg 4- weekly, 
risankizumab 180 mg 8- weekly and filgotinib 100 mg o.d., were 
superior to placebo, but vedolizumab 300 mg 4- weekly ranked 
first (RR of failure to achieve endoscopic remission = 0.73; 95% 
CI 0.64–0.84, p- score 0.92) (Figure 1c). Upadacitinib 30 mg o.d. 
ranked second (RR = 0.76; 95% CI 0.70–0.83, p- score 0.84) and 
guselkumab 100 mg 8- weekly third (RR = 0.77; 95% CI 0.68–0.87, 
p- score 0.81). After direct and indirect comparison, both vedol-
izumab 300 mg 4- weekly and upadacitinib 30 mg o.d. were su-
perior to tofacitinib 10 mg or 5 mg b.i.d., risankizumab 360 mg 
or 180 mg 8- weekly, golimumab 100 mg 4- weekly and filgotinib 
200 mg or 100 mg o.d. (Table 3). Guselkumab 100 mg 8- weekly 
was superior to tofacitinib 5 mg b.i.d. and filgotinib 200 mg or 
100 mg o.d.

In five RCTs reporting endoscopic remission data in 1469 
patients naïve to advanced therapies [41, 46, 48, 49, 51], ri-
sankizumab 360 mg 8- weekly ranked first, guselkumab 
200 mg 4- weekly second and upadacitinib 30 mg o.d. third 
(Figure S12). Risankizumab 360 mg 8- weekly was superior to 
golimumab 100 mg 4- weekly, but there were no other signifi-
cant differences between active drugs after direct and indirect 
comparison (Table S15). In four trials reporting endoscopic re-
mission data in 1219 patients previously exposed to advanced 
therapies [45, 48, 49, 51], guselkumab 100 mg 8- weekly ranked 
first, with upadacitinib 30 mg o.d. second and upadacitinib 
15 mg o.d. third (Figure S13). After direct and indirect com-
parison, guselkumab 100 mg 8- weekly and upadacitinib 30 mg 
o.d. were superior to risankizumab 360 mg or 180 mg 8- weekly 
and upadacitinib 15 mg o.d. was superior to risankizumab 
360 mg 8- weekly (Table S16).

3.4   |   Failure to Achieve Corticosteroid- Free 
Remission in Trials re- Randomising Patients

The network plot for 15 trials re- randomising patients [6, 7, 
9, 40–46, 50–54], containing 2606 patients, for corticosteroid- 
free remission is provided in Figure  S14. There was no 
heterogeneity (τ2 = 0), but the funnel plot appeared asymmet-
rical (Figure S15), suggesting publication bias or other small 
study effects. All drugs and dosages, other than golimumab 
100 mg or 50 mg 8- weekly, etrolizumab 105 mg 4- weekly and 
filgotinib 100 mg o.d., were superior to placebo, but gusel-
kumab 200 mg 4- weekly ranked first (RR of failure to achieve 
corticosteroid- free remission = 0.40; 95% CI 0.28–0.55, p- score 
0.95) (Figure 1d). Ustekinumab 90 mg 8- weekly ranked second 
(RR = 0.41; 95% CI 0.27–0.62, p- score 0.94) and upadacitinib 
30 mg o.d. third (RR = 0.44; 95% CI 0.33–0.59, p- score 0.92). 
After direct and indirect comparison, guselkumab 200 mg 
4- weekly was superior to all drugs other than ustekinumab 
90 mg 8- weekly or 12- weekly and upadacitinib 30 mg or 15 mg 
o.d. (Table 4). Ustekinumab 90 mg 8- weekly and upadacitinib 
30 mg o.d. were superior to all drugs other than upadacitinib 
15 mg o.d., guselkumab 100 mg 8- weekly, ustekinumab 90 mg 
12- weekly and vedolizumab 300 mg 4- weekly.

In seven RCTs reporting corticosteroid- free remission data in 
770 patients naïve to advanced therapies [40–43, 46, 50, 51], 
upadacitinib 30 mg o.d. ranked first and filgotinib 200 mg o.d. 

second, with vedolizumab 300 mg 8- weekly third (Figure S16), 
but none of the drugs were superior to placebo and there were 
no significant differences between active drugs after direct 
and indirect comparison (Table  S17). In five trials reporting 
corticosteroid- free remission data in 428 patients previously 
exposed to advanced therapies [40, 43, 45, 50, 51], upadacitinib 
30 mg o.d. ranked first, with vedolizumab 300 mg 8- weekly sec-
ond and upadacitinib 15 mg o.d. third (Figure  S17). However, 
vedolizumab 300 mg 8- weekly was not superior to placebo. After 
direct and indirect comparison upadacitinib 30 mg o.d. was su-
perior to all drugs other than vedolizumab 300 mg 8- weekly and 
infliximab 120 mg subcutaneously 2- weekly and upadacitinib 
15 mg o.d. was superior to filgotinib 100 mg o.d. (Table S18).

3.5   |   Failure to Achieve Histological Endpoints in 
Trials re- Randomising Patients

There were five RCTs re- randomising patients [7, 40, 48, 49, 51], 
containing 2758 patients, providing information on histological- 
endoscopic mucosal improvement, five trials [47, 48, 50–52], 
containing 2801 patients, providing information on histological- 
endoscopic mucosal remission, and seven RCTs [44–46, 48–50, 
52], containing 2706 patients, providing information on histo-
logical remission. In terms of histological- endoscopic mucosal 
improvement, all drugs and dosages studied were superior to 
placebo, but upadacitinib 30 mg o.d. ranked first (RR of failure 
to achieve histological- endoscopic mucosal improvement = 0.50; 
95% CI 0.43–0.58, p- score 1.00) (Figure  S18). Guselkumab 
200 mg 4- weekly ranked second (RR = 0.63; 95% CI 0.54–0.73, 
p- score 0.82) and upadacitinib 15 mg o.d. third (RR = 0.68; 95% 
CI 0.60–0.76, p- score 0.67). After direct and indirect compari-
son, upadacitinib 30 mg o.d. was superior to all other drugs and 
dosages, and guselkumab 200 mg 4- weekly was superior to in-
fliximab 120 mg subcutaneously 2- weekly and ustekinumab 
90 mg 12- weekly (Table S19). For histological- endoscopic muco-
sal remission, all drugs other than risankizumab were superior 
to placebo, but mirikizumab 200 mg 4- weekly ranked first (RR 
of failure to achieve histological- endoscopic mucosal remis-
sion = 0.73; 95% CI 0.64–0.82, p- score 0.95), followed by filgo-
tinib 200 mg o.d. (RR = 0.77; 95% CI 0.69–0.85, p- score 0.85) and 
upadacitinib 30 mg o.d. (RR = 0.81; 95% CI 0.75–0.88, p- score 
0.70) (Figure S19). After direct and indirect comparison, mirik-
izumab 200 mg 4- weekly was superior to all drugs and dosages 
other than filgotinib 200 mg o.d., upadacitinib 30 mg o.d. and 
ozanimod 1 mg o.d. (Table S20). Filgotinib 200 mg o.d. was supe-
rior to filgotinib 100 mg o.d. and risankizumab 360 mg or 180 mg 
8- weekly. Upadacitinib 30 mg o.d. was superior to risankizumab 
360 mg or 180 mg 8- weekly. Finally, for histological remission, 
all drugs other than risankizumab or vedolizumab were su-
perior to placebo. Guselkumab 200 mg 4- weekly ranked first 
(RR = 0.54; 95% CI 0.44–0.66, p- score 0.96), guselkumab 100 mg 
8- weekly second (RR = 0.56; 95% CI 0.46–0.68, p- score 0.94) and 
filgotinib 200 mg o.d. third (RR = 0.74; 95% CI 0.65–0.83, p- score 
0.76) (Figure  S20). Following direct and indirect comparison, 
guselkumab 200 mg 4- weekly was superior to all drugs and 
dosages other than guselkumab 100 mg 8- weekly, guselkumab 
100 mg 8- weekly was superior to all other drugs and dosages, 
and filgotinib 200 mg o.d. was superior to all drugs and dosages 
other than etrolizumab 105 mg 4- weekly and ozanimod 1 mg 
o.d. (Table S21).

 13652036, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.70209 by T

est, W
iley O

nline L
ibrary on [08/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



14 Alimentary Pharmacology & Therapeutics, 2025

T
A

B
L

E
 3

    
|  

  L
ea

gu
e 

ta
bl

e 
fo

r f
ai

lu
re

 to
 a

ch
ie

ve
 e

nd
os

co
pi

c 
re

m
is

si
on

 in
 tr

ia
ls

 re
- r

an
do

m
is

in
g 

pa
tie

nt
s w

ith
 U

C
.

V
E

D
 3

00
 m

g 
4-

 w
ee

k
ly

0.
93

 [0
.7

9;
 1

.1
0]

0.
73

 
[0

.6
4;

 
0.

83
]

0.
95

 [0
.8

1;
 1

.1
2]

U
PA

 
30

 m
g 

o.
d.

0.
95

 [0
.8

5;
 

1.
07

]
0.

76
 

[0
.7

0;
 

0.
83

]

0.
95

 [0
.7

9;
 1

.1
3]

0.
99

 [0
.8

5;
 

1.
15

]
G

U
S 

10
0 m

g 
8-

 w
ee

k
ly

0.
99

 [0
.8

5;
 1

.1
4]

0.
77

 
[0

.6
8;

 
0.

87
]

0.
93

 [0
.7

8;
 1

.1
2]

0.
98

 [0
.8

4;
 

1.
13

]
0.

99
 [0

.8
5;

 1
.1

4]
G

U
S 

20
0 m

g 
4-

 w
ee

k
ly

0.
78

 
[0

.7
0;

 
0.

88
]

0.
92

 [0
.7

8;
 1

.0
8]

0.
96

 [0
.8

4;
 

1.
10

]
0.

97
 [0

.8
3;

 1
.1

4]
0.

99
 [0

.8
4;

 1
.1

5]
V

E
D

 3
00

 m
g 

8-
 w

ee
k

ly
1.

02
 [0

.8
3;

 1
.2

5]
0.

79
 

[0
.7

2;
 

0.
88

]

0.
91

 [0
.7

8;
 1

.0
7]

0.
95

 [0
.8

5;
 

1.
07

]
0.

96
 [0

.8
3;

 1
.1

1]
0.

98
 [0

.8
5;

 1
.1

3]
0.

99
 [0

.8
7;

 1
.1

3]
U

PA
 

15
 m

g 
o.

d.
0.

80
 

[0
.7

4;
 

0.
87

]

0.
91

 [0
.7

5;
 1

.1
1]

0.
96

 [0
.8

0;
 

1.
14

]
0.

96
 [0

.8
0;

 1
.1

7]
0.

98
 [0

.8
1;

 1
.1

8]
0.

99
 [0

.8
4;

 1
.1

7]
1.

00
 [0

.8
4;

 
1.

19
]

V
E

D
 1

08
 m

g S
/C

 
2-

 w
ee

k
ly

0.
81

 
[0

.6
9;

 
0.

95
]

0.
85

 [0
.7

2;
 1

.0
1]

0.
89

 [0
.7

8;
 

1.
03

]
0.

90
 [0

.7
7;

 1
.0

6]
0.

91
 [0

.7
8;

 1
.0

7]
0.

93
 [0

.8
0;

 1
.0

8]
0.

94
 [0

.8
2;

 
1.

07
]

0.
93

 [0
.7

7;
 1

.1
3]

G
O

L 
50

 m
g 

4-
 w

ee
k

ly
0.

95
 [0

.8
4;

 1
.0

8]
0.

86
 

[0
.7

7;
 

0.
96

]

0.
85

 [0
.7

2;
 1

.0
0]

0.
89

 [0
.7

9;
 

1.
01

]
0.

90
 [0

.7
7;

 1
.0

5]
0.

91
 [0

.7
9;

 1
.0

6]
0.

93
 [0

.8
1;

 1
.0

6]
0.

93
 [0

.8
3;

 
1.

06
]

0.
93

 [0
.7

8;
 1

.1
1]

1.
00

 [0
.8

7;
 1

.1
5]

E
T

R
O

 1
05

 m
g 

4-
 w

ee
k

ly
0.

86
 

[0
.7

8;
 

0.
94

]

0.
84

 [0
.7

2;
 0

.9
8]

0.
88

 [0
.7

9;
 

0.
99

]
0.

89
 [0

.7
7;

 1
.0

2]
0.

90
 [0

.7
9;

 1
.0

3]
0.

92
 [0

.8
1;

 1
.0

4]
0.

92
 [0

.8
3;

 
1.

03
]

0.
92

 [0
.7

8;
 1

.0
9]

0.
99

 [0
.8

7;
 1

.1
2]

0.
99

 [0
.8

8;
 1

.1
1]

T
O

F 
10

 m
g 

b.
i.d

.

0.
98

 
[0

.9
0;

 
1.

06
]

0.
87

 
[0

.8
1;

 
0.

93
]

0.
82

 [0
.6

9;
 0

.9
7]

0.
86

 [0
.7

5;
 

0.
98

]
0.

87
 [0

.7
4;

 1
.0

2]
0.

88
 [0

.7
5;

 1
.0

3]
0.

89
 [0

.7
7;

 1
.0

3]
0.

90
 [0

.7
9;

 
1.

03
]

0.
90

 [0
.7

5;
 1

.0
8]

0.
96

 [0
.8

3;
 1

.1
2]

0.
96

 [0
.8

4;
 1

.1
1]

0.
98

 [0
.8

6;
 

1.
10

]
R

IS
 3

60
 m

g 
8-

 w
ee

k
ly

0.
98

 [0
.8

8;
 1

.1
0]

0.
89

 
[0

.8
0;

 
0.

98
]

0.
82

 [0
.7

1;
 0

.9
5]

0.
86

 [0
.7

7;
 

0.
96

]
0.

87
 [0

.7
6;

 0
.9

9]
0.

88
 [0

.7
7;

 1
.0

1]
0.

89
 [0

.7
9;

 1
.0

1]
0.

90
 [0

.8
1;

 
1.

00
]

0.
90

 [0
.7

6;
 1

.0
6]

0.
96

 [0
.8

5;
 1

.0
9]

0.
96

 [0
.8

6;
 1

.0
8]

0.
98

 [0
.9

0;
 

1.
06

]
1.

00
 [0

.8
9;

 1
.1

3]
T

O
F 

5 m
g 

b.
i.d

.

0.
89

 
[0

.8
3;

 
0.

95
]

0.
81

 [0
.6

8;
 0

.9
6]

0.
85

 [0
.7

4;
 

0.
97

]
0.

86
 [0

.7
3;

 1
.0

0]
0.

87
 [0

.7
4;

 1
.0

1]
0.

88
 [0

.7
6;

 1
.0

2]
0.

89
 [0

.7
8;

 
1.

01
]

0.
89

 [0
.7

4;
 1

.0
7]

0.
95

 [0
.8

4;
 1

.0
8]

0.
95

 [0
.8

3;
 1

.0
9]

0.
96

 [0
.8

5;
 

1.
09

]
0.

99
 [0

.8
5;

 1
.1

4]
0.

99
 

[0
.8

7;
 

1.
11

]

G
O

L 
10

0 m
g 

4-
 w

ee
k

ly
0.

90
 

[0
.8

1;
 

1.
00

]

0.
81

 [0
.6

8;
 0

.9
5]

0.
85

 [0
.7

4;
 

0.
97

]
0.

85
 [0

.7
3;

 1
.0

0]
0.

87
 [0

.7
4;

 1
.0

1]
0.

88
 [0

.7
6;

 1
.0

1]
0.

89
 [0

.7
8;

 
1.

01
]

0.
89

 [0
.7

4;
 1

.0
6]

0.
95

 [0
.8

2;
 1

.1
0]

0.
95

 [0
.8

3;
 1

.0
9]

0.
96

 [0
.8

5;
 

1.
08

]
0.

98
 [0

.8
8;

 1
.1

0]
0.

98
 

[0
.8

7;
 

1.
11

]

1.
00

 [0
.8

6;
 1

.1
5]

R
IS

 1
80

 m
g 

8-
 w

ee
k

ly
0.

90
 

[0
.8

2;
 

1.
00

]

(C
on

tin
ue

s)

 13652036, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.70209 by T

est, W
iley O

nline L
ibrary on [08/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



15

3.6   |   Failure to Achieve Clinical Remission in 
Trials Treating Patients Through

The network plot of the 12 treat- through trials [5, 8, 11, 32–39], 
containing 3771 patients, for clinical remission is provided 
in Figure  S21. There was low heterogeneity in this analy-
sis (τ2 = 0.0022), but the funnel plot appeared asymmetrical 
(Figure  S22), suggesting publication bias or other small study 
effects. All drugs and dosages, other than etrolizumab 105 mg 
4- weekly, were superior to placebo, but etrasimod 2 mg o.d. 
ranked first (RR of failure to achieve clinical remission = 0.73; 
95% CI 0.64–0.83, p- score 0.88) (Figure S23). Infliximab 10 mg/
kg 8- weekly ranked second (RR = 0.76; 95% CI 0.67–0.86, p- 
score 0.79) and vedolizumab 300 mg 8- weekly third (RR = 0.78; 
95% CI 0.67–0.90, p- score 0.71). The network heat plot had no 
red ‘hotspots’ of inconsistency. After direct and indirect com-
parison, etrasimod 2 mg o.d. was superior to adalimumab 40 mg 
2- weekly (moderate confidence according to the CINeMA 
framework), but there were no other significant differences be-
tween active drugs (Table S22). Using the CINeMA framework 
to evaluate confidence in all other results for this endpoint, all 
direct and indirect comparisons across the network were rated 
as either high or moderate confidence other than the direct com-
parison between adalimumab 40 mg 2- weekly and vedolizumab 
300 mg 8- weekly (Table S23).

In 10 RCTs reporting clinical remission data in 2996 patients 
naïve to advanced therapies [5, 11, 32–38], again etrasimod 2 mg 
o.d. ranked first, with vedolizumab 300 mg 8- weekly second and 
infliximab 10 mg/kg 8- weekly third (Figure  S24). After direct 
and indirect comparison, etrasimod 2 mg o.d. was superior to all 
drugs other than vedolizumab 300 mg 8- weekly and infliximab 
10 mg/kg 8- weekly, but there were no other significant differ-
ences between active drugs (Table S24). In three trials reporting 
clinical remission data in 489 patients previously exposed to ad-
vanced therapies [11, 32, 38], etrasimod 2 mg o.d. was the only 
drug superior to placebo (Figure S25). After direct and indirect 
comparison, there were no significant differences between ac-
tive drugs (Table S25).

3.7   |   Failure to Achieve Endoscopic Improvement 
in Trials Treating Patients Through

The network plot for the 11 treat- through trials [5, 8, 11, 32–38], 
containing 3641 patients, for endoscopic improvement is 
provided in Figure  S26. There was no heterogeneity (τ2 = 0), 
and the funnel plot appeared asymmetrical (Figure  S27), 
suggesting publication bias or other small study effects. All 
drugs and dosages were superior to placebo, but infliximab 
10 mg/kg 8- weekly ranked first (RR of failure to achieve en-
doscopic improvement = 0.64; 95% CI 0.56–0.74, p- score 0.94) 
(Figure S28). Etrasimod 2 mg o.d. ranked second (RR = 0.70; 
95% CI 0.63–0.78, p- score 0.76) and vedolizumab 300 mg 
8- weekly third (RR = 0.73; 95% CI 0.65–0.83, p- score 0.63). 
The network heat plot had no red ‘hotspots’ of inconsistency. 
After direct and indirect comparison, infliximab 10 mg/kg 
8- weekly was superior to etrolizumab 105 mg 4- weekly and 
adalimumab 40 mg 2- weekly (Table S26). Etrasimod 2 mg o.d. 
and vedolizumab 300 mg 8- weekly were superior to adalim-
umab 40 mg 2- weekly.0.
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In 10 RCTs reporting endoscopic improvement data in 2996 
patients naïve to advanced therapies [5, 11, 32–38], inflix-
imab 10 mg/kg 8- weekly ranked first, vedolizumab 300 mg 
8- weekly second and etrasimod 2 mg o.d. third (Figure S29). 
Again, after direct and indirect comparison, infliximab 10 mg/
kg 8- weekly was superior to etrolizumab 105 mg 4- weekly 
and adalimumab 40 mg 2- weekly (Table  S27). Vedolizumab 
300 mg 8- weekly and etrasimod 2 mg o.d. were both superior 
to adalimumab 40 mg 2- weekly. In three trials reporting endo-
scopic improvement data in 489 patients previously exposed 
to advanced therapies [11, 32, 38], etrasimod 2 mg o.d. was the 
only drug superior to placebo (Figure  S30), and after direct 
and indirect comparison was also superior to adalimumab 
40 mg 2- weekly (Table S28).

3.8   |   Failure to Achieve Corticosteroid- Free 
Remission in Trials Treating Patients Through

The network plot for the nine treat- through trials [5, 11, 32–35, 
37, 38], containing 1743 patients, for corticosteroid- free remis-
sion is provided in Figure  S31. There was low heterogeneity 
(τ2 = 0.0019). All drugs and dosages, other than adalimumab 
40 mg 2- weekly and vedolizumab 300 mg 8- weekly, were su-
perior to placebo, but etrasimod 2 mg o.d. ranked first (RR of 
failure to achieve corticosteroid- free remission = 0.75; 95% 
CI 0.62–0.90, p- score 0.91) (Figure  S32). Infliximab 5 mg/kg 
8- weekly ranked second (RR = 0.82; 95% CI 0.75–0.90, p- score 
0.74) and etrolizumab 105 mg 4- weekly third (RR = 0.84; 95% CI 
0.70–1.01, p- score 0.65), although the latter was not superior to 
placebo. The network heat plot had no red ‘hotspots’ of incon-
sistency. After direct and indirect comparison, both etrasimod 
2 mg o.d. and infliximab 5 mg/kg 8- weekly were superior to 
adalimumab 40 mg 2- weekly and vedolizumab 300 mg 8- weekly 
(Table S29).

In eight RCTs reporting corticosteroid- free remission data in 
1342 patients naïve to advanced therapies [5, 11, 32–35, 37], in-
fliximab 5 mg/kg 8- weekly ranked first and infliximab 10 mg/
kg 8- weekly ranked second and were the only active drugs supe-
rior to placebo (Figure S33). However, there were no significant 
differences between active drugs after direct and indirect com-
parison (Table  S30). In two trials reporting corticosteroid- free 
remission data in 250 patients previously exposed to advanced 
therapies [11, 32], only adalimumab 40 mg 2- weekly and vedoli-
zumab 300 mg 8- weekly were assessed and neither was superior 
to placebo or, after direct and indirect comparison, to each other 
(Table S31).

4   |   Discussion

We conducted a contemporaneous systematic review and net-
work meta- analysis of 28 trials of biological therapies or small 
molecules as maintenance therapy in UC. In re- randomised 
trials in all patients, irrespective of previous exposure to ad-
vanced therapies, upadacitinib 30 mg o.d. demonstrated the 
highest efficacy for clinical remission. Upadacitinib 30 mg 
o.d. appeared superior to almost all other drugs studied. Most 
comparisons across this network were rated as either high 
or moderate confidence. Upadacitinib remained the highest 0.
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ranked drug for clinical remission in both patients naïve and 
exposed to advanced therapies, although it was only superior 
to other active drugs in patients previously exposed to ad-
vanced therapies. Upadacitinib 30 mg o.d. also ranked high-
est in all patients for endoscopic improvement and in patients 
exposed to advanced therapies. In terms of endoscopic re-
mission, vedolizumab 300 mg 4- weekly ranked first in all pa-
tients. Finally, for corticosteroid- free remission, guselkumab 
200 mg 4- weekly ranked first in all patients. When we eval-
uated histological endpoints, upadacitinib 30 mg o.d. ranked 
first for histological- endoscopic mucosal improvement and 
was superior to all other drugs studied; mirikizumab 200 mg 
4- weekly ranked first for histological- endoscopic mucosal 
remission, and guselkumab 200 mg 4- weekly ranked highest 
for histological remission and was superior to all other drugs. 
In terms of safety, all drugs were safe and well tolerated. 
Ozanimod 1 mg o.d. was associated with a higher likelihood of 
treatment- emergent adverse events, and guselkumab 200 mg 
4- weekly with a higher likelihood of serious adverse events 
than placebo, but there were no other significant differences.

In treat- through trials, etrasimod 2 mg o.d. ranked highest for 
clinical remission in all patients. All comparisons across this 
network were rated as either high or moderate confidence. The 
ranking of etrasimod 2 mg o.d. was consistent in both patients 
naïve to or exposed to advanced therapies. For endoscopic im-
provement, infliximab 10 mg/kg 8- weekly ranked first in all 
patients. Infliximab 10 mg/kg 8- weekly ranked first in patients 
naïve to advanced therapies, and etrasimod 2 mg o.d. ranked 
first in patients previously exposed. For corticosteroid- free re-
mission, again etrasimod 2 mg o.d. ranked first in all patients. In 
patients exposed to advanced therapies, no drug was superior to 
placebo. The trial of etrasimod 2 mg o.d. did not provide data in 
either of these analyses. In terms of safety, etrasimod 2 mg o.d. 
was associated with a higher likelihood of treatment- emergent 
adverse events than placebo, but there were no other significant 
differences.

Our search strategy included multiple databases and supple-
mentary sources. Independent data extraction, risk- of- bias 
assessment, and analysis was performed by two investiga-
tors, enhancing the internal validity of the findings. The use 
of a frequentist network meta- analysis model and the p- score 
methodology for ranking interventions provides a ranking 
system that is more transparent and less prone to bias [27]. We 
produced comparison- adjusted funnel plots to assess for pub-
lication bias or other small study effects, wherever there were 
sufficient trials in the analysis. We analysed efficacy in all pa-
tients randomised, but also according to previous exposure to 
advanced therapies, wherever possible. We also used a struc-
tured classification of histological outcomes, separated into 
histological- endoscopic mucosal improvement, histological- 
endoscopic mucosal remission and histological remission, to 
minimise heterogeneity by aligning studies with similar defi-
nitions and criteria.

However, some limitations of the network meta- analysis should 
be acknowledged. Only 11 of 28 trials were at low risk of bias 
across all domains. While network meta- analysis enables in-
direct comparisons, the absence of direct head- to- head tri-
als for most therapies remains an important consideration. 

Additionally, long- term safety data for some newer therapies, 
including IL- 23 inhibitors and JAK inhibitors, are still emerg-
ing and further research is needed to fully characterise their 
risk–benefit profiles [55]. There may also be differences in the 
speed at which cessation of each of these active therapies, which 
is inherent in the design of re- randomised trials, leads to a loss 
of their beneficial effects. This may impact the results of the 
network for RCTs of this design. Potential publication bias was 
present in several analyses, meaning that the efficacy of some 
of these therapies may have been overestimated. With only two 
head- to- head trials of one drug versus another, both of which 
were treat- through trials, there was limited ability to compare 
direct and indirect evidence. Finally, the variations in drug effi-
cacy may stem from differences in endpoints used, trial design, 
including treatment duration, population characteristics, or 
drug administration protocols. More recent trials have used in-
creasingly stringent endpoints for clinical remission, which in-
cludes the necessity for the rectal bleeding subscore of the Mayo 
score to be zero, and definitions of corticosteroid- free remission 
differed, with some RCTs mandating a minimum duration that 
corticosteroids had to be discontinued for. As another example, 
the efficacy of vedolizumab varied between re- randomised trials 
and treat- through trials, possibly due to differences in adminis-
tration methods (subcutaneous vs. intravenous), previous expo-
sure to advanced therapies among recruited patients, or baseline 
disease severity. Similarly, mirikizumab exhibited strong effects 
in achieving histological- endoscopic mucosal remission but did 
not demonstrate comparable efficacy in terms of clinical remis-
sion. Overall, upadacitinib's consistent performance across mul-
tiple efficacy endpoints in re- randomised trials, and etrasimod's 
performance in treat- through trials, both of which used the more 
stringent endpoints to assess efficacy, position them as attractive 
drugs, given they are administered orally. However, infliximab 
performed similarly to etrasimod in treat- through trials, may 
be cheaper in some countries, and has a more well- established 
safety profile. That said, treatment duration was 30 weeks or less 
in four of the six RCTs of infliximab [5, 33, 35, 36], which may 
have led to an overestimation of its efficacy.

These discrepancies underscore the need to interpret the re-
sults of network meta- analyses in the context of study- specific 
variables. A fundamental issue in this network meta- analysis is 
whether drug efficacy can be inferred across different trial de-
signs. For example, in terms of the highest ranked drugs, can the 
similar efficacy of etrasimod or infliximab, which were assessed 
solely in treat- through trials, and upadacitinib or guselkumab, 
which were evaluated exclusively in re- randomised trials, be as-
sumed via the results from indirect comparisons with common 
comparators used in trials of both designs, such as vedolizumab 
300 mg 8- weekly or etrolizumab 105 mg 4- weekly? This is prob-
lematic and, we believe, should be approached cautiously, partic-
ularly as the underlying trial methodologies differ substantially. 
This is evident from the difference in the magnitude of the treat-
ment effects seen, which were larger in trials re- randomising 
patients, where patients who had already responded to active 
drug as induction therapy were re- randomised to active drug 
or placebo as maintenance therapy. These re- randomised trials 
also mirror clinical practice more closely, compared with treat- 
through trials. If a patient had not experienced a benefit after 
induction, it is unlikely the clinician would choose to continue 
the drug into the maintenance phase, and for up to 1 year.
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Previous network meta- analyses have evaluated the efficacy 
and safety of biological therapies and small molecules as main-
tenance therapy in UC. For instance, a recent Bayesian network 
meta- analysis by Shebab et al. compared the relative efficacy of 
biologics and small molecules in achieving remission in patients 
with UC [14], demonstrating that upadacitinib as maintenance 
therapy ranked first in achieving endoscopic improvement and 
histological remission. Some trials we identified appear to have 
been excluded in this meta- analysis, including trials of adalim-
umab [32], ozanimod [8, 39] and etrasimod [38]. In this study, 
ORs were used to evaluate treatment efficacy, instead of using 
RRs; ORs tend to overestimate effect sizes when the outcome is 
common, potentially leading to misleading conclusions, whereas 
RR offers a more stable and direct estimation of risk reduction 
[56]. In addition, in their main analysis, the authors pooled 
studies together irrespective of their design, only performing 
a sub- analysis based on trial design. Another network meta- 
analysis of maintenance trials [15], conducted for the American 
Association of Gastroenterology, concluded that upadacitinib 
and tofacitinib were associated with higher rates of remission in 
re- randomised trials. In treat- through trials, etrasimod was as-
sociated with a higher rate of remission, with infliximab ranked 
much lower than in our analysis, although the dose of the latter 
was not specified. However, many of the endpoints we report 
were not examined, and this network meta- analysis has been 
criticised by some for its choice of statistical approach [57].

The growing availability of newer therapies highlights the need 
for continued discussions regarding their accessibility and reim-
bursement [58]. In clinical practice, considerations such as prior 
exposure to advanced therapies, baseline disease severity, safety 
profiles and patient preference, particularly with regard to route 
of administration, remain essential in selecting the most appro-
priate maintenance therapy. Given the variability in efficacy 
rankings between trials of re- randomised and treat- through de-
sign, clinicians may benefit from a more nuanced interpretation 
of study results, recognising how these differences in trial de-
sign may influence outcomes [59]. Despite the insights provided 
by this study, several questions remain. The long- term safety 
and durability of response for IL- 23 inhibitors and JAK inhib-
itors warrant further investigation, particularly in real- world 
settings and in long- term extension trials [60]. Additionally, the 
observed differences in treatment effect and inability to com-
pare the relative efficacy of drugs studied only in re- randomised 
trials with those tested only in treat- through trials highlight the 
need for further head- to- head RCTs to assess these deficits in 
current knowledge. Future research should also focus on iden-
tifying predictors of response to these different available ther-
apeutic classes, optimising sequential treatment strategies and 
exploring biomarker- driven approaches to the selection of first- 
line therapy. Economic evaluations will also be important in as-
sessing the relative cost- effectiveness of different treatments in 
routine clinical practice [61]. As the therapeutic landscape for 
UC continues to evolve, these advances are essential to support 
clinicians in making well- informed decisions for their patients.

In conclusion, this network meta- analysis demonstrates that, 
in re- randomised trials, upadacitinib 30 mg o.d. is the highest 
ranked drug for clinical remission and endoscopic improve-
ment, vedolizumab 300 mg 4- weekly for endoscopic remission 

and guselkumab 200 mg 4- weekly for corticosteroid- free remis-
sion. In treat- through trials, etrasimod 2 mg o.d. ranked high-
est for clinical remission and corticosteroid- free remission and 
infliximab 10 mg/kg 8- weekly highest for endoscopic improve-
ment. All drugs were, for the most part, safe and well- tolerated. 
However, top- ranked drugs varied according to previous ex-
posure to advanced therapies and many drugs were of similar 
efficacy across all these endpoints. Direct inferences of relative 
efficacy between drugs studied only in re- randomised trials 
with drugs studied only in treat- through trials are inappropriate 
and head- to- head RCTs of the best performing drugs studied in 
different trial designs, comparing drugs such as upadacitinib, 
guselkumab, or vedolizumab with drugs such as etrasimod or 
infliximab, are warranted.
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