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Summary

Background Onset of effect of advanced therapies is an important parameter due to symptom load and risk of disease
complications in moderate-to-severe ulcerative colitis (UC), but comparative data are lacking. Therefore, we aimed to
assess the comparative onset of efficacy of biological therapies and small molecules for this patient population.

Methods In this systematic review and network meta-analysis, we searched MEDLINE, Embase, and Cochrane
Central Register of Controlled Trials from inception to 24 August 2022, for randomised controlled trials or open-
label studies assessing the efficacy of biologics or small molecule drugs within the first six weeks of treatment in
adults with UC. The co-primary outcomes were the induction of clinical response and clinical remission at week
2. Network meta-analyses was conducted under the Bayesian framework. This study is registered with
PROSPERO: CRD42021250236.

Findings The systematic literature search identified 20,406 citations, of which 25 studies comprising 11,074 patients
fulfilled the eligibility criteria. Upadacitinib ranked highest for induction of clinical response and clinical remission at
week 2 and was significantly superior to all agents but tofacitinib, which ranked second highest. Although the
rankings remained consistent, no differences between upadacitinib and biological therapies were demonstrated in
the sensitivity analyses of partial Mayo clinic score response or resolution of rectal bleeding at week 2. Tumor necrosis
factor-a (TNF) inhibitors were significantly superior to vedolizumab and ustekinumab for patient-reported outcome-2
(PRO-2) remission at week 2 in bio-naive patients. Filgotinib 100 mg, ustekinumab, and ozanimod ranked lowest
across all endpoints.

Interpretation In this network meta-analysis, we found upadacitinib to be significantly superior to all agents but
tofacitinib for the induction of clinical response and clinical remission two weeks after treatment initiation. In
contrast, ustekinumab and ozanimod ranked lowest. Our findings help to establish the evidence regarding the
onset of efficacy of advanced therapies.
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Introduction

Ulcerative colitis (UC) is the most prevalent entity of
inflammatory bowel disease and is associated with an
increasing worldwide incidence and prevalence.! UCis a
chronic, idiopathic, potentially disabling disease char-
acterised by continuous mucosal and submucosal

inflammation that results in bloody diarrhea and
tenesmus and has a deleterious impact on the quality of
life.!

First-line therapeutic options for moderate-to-severe
UC include mesalamine as well as glucocorticoids fol-
lowed by thiopurines.* However, due to lack of efficacy
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Research in context

Evidence before this study

Moderate to severe ulcerative colitis is associated with
substantial symptom burden and disability and carries a high
risk of progression with the need for hospitalization and
colectomy, requiring rapid resolution. We systematically
searched PubMed, Embase, the Cochrane Central Register of
Controlled Trials, and conference proceedings from European
Crohn'’s and Colitis Organization, Digestive Disease Week, and
United European Gastroenterology Week from inception to
24 August 2022 and identified no systematic reviews, meta-
analyses or network meta-analyses focusing on the rapidity of
onset of efficacy. We subsequently identified original studies
with the following search terms: “ulcerative colitis”,
“inflammatory bowel disease”, or “colitis” in combination
with the terms “biologics”, “anti-TNF”, “infliximab”,
“Remicade”, "adalimumab”, "Humira”, “golimumab”, “CNTO-
148", "certolizumab”, “Simponi”, "CDP870", “Cimzia”, “anti-
integrin”, “vedolizumab”, “MLN-0002", “Entyvio”,
“ustekinumab”, “CNTO-1275", “small molecule”, “JAK
inhibitor”, “tofacitinib”, “CP-690550”, “Xeljanz”, “filgotinib”,
“GLPG0634", “upadacitinib”, “ABT-494", “sphingosine-1-
phosphate receptor modulator”, “ozanimod”, or “RPC1063".

and the risk of systemic adverse events especially with
glucocorticoids, biological therapies, which are more
specific and potent agents, are increasingly forming the
backbone of the medical management of moderate-to-
severe.”” The efficacy of biological therapies and small
molecules is usually assessed after the induction period,
which can be up to three to four months after treatment
initiation.®” However, in light of the increasing diversity
of mechanisms of action, the speed of onset of efficacy
becomes more important in order to choose treatments
and matters to clinicians and patients.® As such, rapid
symptomatic relief is associated with an improved
quality of life and might also predict long-term out-
comes and affect the disease course.”"" Further, a recent
machine learning model found that the Partial Mayo
score reduction from baseline to week 2 was the most
important predictor of an overall clinical response to
tofacitinib at week 8.7 Accordingly, early clinical
response is highlighted as an important short-term
treatment goal in UC in the Selecting Therapeutic Tar-
gets in Inflammatory Bowel Disease (STRIDE)-II rec-
ommendations.” The comparative onset of effect of
biological therapies and small molecule agents has not
been investigated in any available systematic reviews or
meta-analyses.®” The aim of the current study was,
therefore, to provide evidence via a systematic review,
meta-analysis, and network meta-analysis on the rapidity
of onset of efficacy within the induction period of all
biological therapies and small molecules that are
approved for patients with moderate-to-severe UC.

Added value of this study

Based on 25 original studies, we found upadacitinib and
tofacitinib to rank highest across all analyses, while TNF
inhibitors were significantly superior to vedolizumab and
ustekinumab for the induction of patient-reported outcome-2
(PRO-2) remission at week 2 in bio-naive patients. However,
in subgroup analyses, upadacitinib and tofacitinib were not
significantly superior to biological therapies for the induction
of a partial Mayo clinical score response or resolution of rectal
bleeding at week 2. Filgotinib 100 mg, ustekinumab and
ozanimod ranked lowest in the analyses.

Implications of all the available evidence

This first systematic review and network meta-analysis on the
comparative onset of efficacy sheds light on differences in the
speed of onset of efficacy. The outcome might have
implications in informed decision making and in guidelines
when considering the choice of biological or small molecule
agents. Further, the study is important when framing the
patient’s expectations in the clinical setting.

Methods

This systematic review and network meta-analysis was
conducted according to the Cochrane recommenda-
tions," and is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses extension statement for network meta-ana-
lyses.” The study protocol was defined and registered
prior to study initiation at the PROSPERO database
(Registration Number CRD42021250236).

Search strategy and selection criteria

Two authors (M.A. and E.K.D.) independently searched
MEDLINE (1946-24 August 2022), Embase and Embase
Classic (1947-24 August 2022), the Cochrane Central
Register of Controlled Trials (CENTRAL), the latter
including clinicaltrials.gov as a bibliographical source.
Second, the three largest congress databases from Eu-
ropean Crohn’s and Colitis Organization, Digestive
Disease Week, and United European Gastroenterology
Week were reviewed from 1 January 2019 to 24 August
2022 to obtain data published in abstract form. Third,
bibliographies of all eligible studies and pre-existing
systematic reviews were hand-searched. The corre-
sponding or senior authors of studies with insufficient
data were contacted to provide additional information
before being excluded.

The search algorithm, which is listed in the protocol
and was without any language restriction, included the
following terms: “ulcerative colitis” OR “inflammatory
bowel disease” OR “colitis” (both as medical subject
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headings and as free text terms). These terms were
combined with the operator ‘AND’ to identify studies
that included [“biologics” OR “anti-TNF” OR (“inflix-
imab” OR “Remicade” OR “adalimumab” OR “Humira”
OR (“golimumab” OR “CNTO-148” OR “certolizumab”
OR “Simponi” OR “CDP870)” OR “Cimzia”) OR “anti-
integrin” OR (“vedolizumab” OR “MLN-0002” OR
“Entyvio”) OR (“ustekinumab” OR “CNTO-1275”) OR
“small molecule” OR “JAK inhibitor” OR (“tofacitinib”
OR “CP-690550” OR “Xeljanz”) OR (“filgotinib” OR
“GLPG0634”) OR (“upadacitinib” OR “ABT-494") OR
“sphingosine-1-phosphate receptor modulator” OR
(“ozanimod” OR “RPC1063”)].

Controlled studies and open-label interventional
studies examining the efficacy of the aforementioned
agents within six weeks after treatment initiation in
adult patients with moderate-to-severe UC were eligible
for inclusion.

Outcome assessment

The co-primary outcomes were the overall clinical
response and clinical remission of biological therapies
or small molecules for UC at week 2 after treatment
initiation, compared with placebo or each other. These
outcomes were stratified according to resolution of
Mayo rectal bleeding Subscore, partial Mayo score
response, partial Mayo score remission and 2-item
patient-reported outcome (PRO-2) remission. Second-
ary outcomes included clinical response, clinical
remission, biochemical response, biochemical remis-
sion, and endoscopic remission at weeks 2 and 6.

Data extraction

Data from all eligible studies were extracted indepen-
dently by at least two investigators (M.A, J.B.S, ].B., and
J.G.) onto a Microsoft Excel spreadsheet (XP profes-
sional edition; Microsoft Corp, Redmond, WA, USA).
The data extraction of the two authors was compared,
and disagreements were resolved by consensus. Data
were extracted as intention-to-treat analyses assuming
all dropouts to be treatment failures (i.e., no response to
biological therapy, small molecule, or placebo).

Quality assessment and risk of bias

Version 2 of the Cochrane Risk of Bias tool was used by
at least two authors (M.A., ].B.S, and O.H.N) to inde-
pendently rate the quality of all eligible studies and es-
timate the risk of bias herein.'® Discrepancies were
solved by discussion. Egger’s test for funnel plot asym-
metry was performed.

Data synthesis and statistical analysis

Data from controlled and uncontrolled studies and
studies on moderate-to-severe UC were analysed sepa-
rately. In addition, different formulations of the same
drugs were investigated separately due to potential
pharmacokinetic differences that might affect the
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timing of onset of efficacy. Analyses were conducted as
intention-to-treat (ITT) instead of per protocol analyses
(PP), as the former approach is more conservative and
reduces the risk of type I error. Second, there appears to
be a discrepancy between findings in controlled settings
(e.g. RCTs) and real-life observations, which might be
attributed to differences in baseline predictive factors
that are neutralised during randomization processes in
the ITT analysis.” We did not perform PP analyses as
sensitivity analyses due to the fact that most trials were
superiority trials and not non-inferiority trials. This
strategy is in line with previous network meta-analyses
within the field.*’

The network meta-analyses were conducted within a
Bayesian framework using Markov chain Monte Carlo
methods with the statistical packages ‘BUGSnet’ and
‘GeMTC’ in R (V.4.0.2),"*" assuming consistency of
treatment efficacies across all eligible trials and
following the recommendations by National Institute for
Health and Care Excellence Decision Support Unit
(NICE-DSU).>** Hence, both fixed-effects and random
effects network meta-analysis were conducted and these
were compared with respect to leverage, which is a
measure of complexity and parsimony, the posterior
mean of the residual deviance, and the deviance infor-
mation criterion. Importantly, only RCTs were able to
enter the network model as open-label studies lacked a
comparator arm. The final model was used to calculate
the probability of the ranking of each treatment within a
surface under the cumulative ranking curve (SUCRA),
which represents the percentage of efficacy achieved by
an agent compared with an imaginary agent that is al-
ways best. Findings were reported as relative risks (RR)
and 95% credible intervals (Crls), the Bayesian equiva-
lent to 95% confidence intervals (95% CI). Pre-planned
subgroup analyses included prior tumor necrosis fac-
tor-o (TNF) antagonist exposure and endpoint defini-
tions. Pre-planned network meta-regression comprised
timing of follow-up and concomitant immunomodula-
tors or corticosteroids as co-variates.

Second, direct comparison of each agent with its
comparator was conducted using inverse-variance
weighted fixed-effects and random effects models and
was reported as a relative risk using RevMan software
version 5.4 (Cochrane Collaboration, Copenhagen,
Denmark). Third, meta-analyses on proportions were
conducted using the ‘metafor’ R package. Proportion
data were transformed using the logit transformation
and the DerSimonian and Laird method to estimate
Tau.’ Heterogeneity was assessed using Cochrane Q
and 1” statistics according to the Cochrane Handbook
for Systematic Reviews, where 1%>50% indicated sub-
stantial heterogeneity.'

The confidence in estimates of outcomes derived
from the network meta-analyses were evaluated
following the Confidence in Network Meta-Analysis
(CINeMA) approach,” which is broadly based on
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Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE).*

Ethical statement

Relevant data were retrieved from public databases,
including MEDLINE, Embase and Embase Classic, and
the Cochrane Central Register of Controlled Trials
(CENTRAL). Ethical approval and informed consent was
covered in the original studies and was not applicable
for this study.

Role of the funding source

There was no funding source for this study. All authors
had full access to all the data in the study. J.B.S. had the
final decision to submit for publication.

Results

The bibliographical search generated 20,406 citations, of
which 180 studies were identified as potentially eligible
based on abstract screening and were retrieved for full-
text assessment. Of these, 25 studies comprising 11,074
patients fulfilled the eligibility criteria and were
included (Fig. 1). The agreement in the assessment of
study eligibility was excellent between the reviewers
(Kappa statistics = 0.86). There were six studies on
vedolizumab (four randomised clinical trials (RCT),>” 2
and two post hoc analyses on the GEMINI trials and
Japanese RCT'**), three studies on infliximab (two
RCTs, " and one post hoc analysis of ACT-1 and 2
studies”), five studies on adalimumab (two RCTs,**
one post hoc analysis on ULTRA-1 and 2 studies,*
and two open-label studies®*), five studies on golimu-
mab (three RCTs,” one post hoc analysis on
PURSUIT-SC trial,*> and one open-label study*), three
studies on upadacitinib (two RCTs"** and one post hoc
analysis on the U-ACHIEVE trial¥), two studies on
tofacitinib (both post hoc studies on the OCTAVE tri-
als'""?), one study on ustekinumab (post hoc study on
the UNIFI trial*), one study on filgotinib (post hoc study
on the SELECTION RCT*), and one study on ozanimod
(post hoc study on the True North RCT*).

Detailed trial and patient characteristics of all
included studies are summarised in Supplementary
Table S1. The endpoint definitions used in the studies
are listed in Supplementary Table S2, and the risk of
bias are reported in Supplementary Table S3, indicating
that only a few studies were of high risk of bias. Funnel
plots are presented in Supplementary Fig. S2 indicating
no funnel plot asymmetry. The fixed-effects models had
the best fit for modelling the induction of clinical
response and clinical remission as summarised in
Supplementary Table S4, and the network map is shown
in Supplementary Figs. Sla and S1b. All analyses are
therefore presented under the fixed-effects framework.
However, random effects models were not different in
any of the findings.

Clinical response

Results from the pooled-proportion meta-analyses of
induction of clinical response over time are presented in
Fig. 2a.

Clinical response within two weeks of treatment

Clinical response within two weeks of treatment has
only been reported in three studies on moderate-to-
severe UC, which precluded statistical analysis. The
post hoc analysis on the OCTAVE trials demonstrated
separation of tofacitinib and placebo within three days
in terms of achieving Mayo rectal bleeding Subscore = 0
(130/905 (14.49%) vs. 19/234 (8.2%), p < 0.05) and seven
days in terms of achieving Mayo stool score = 0 (83/905
(9.2%) vs. 5/234 (2.3%), p < 0.01)."" A post hoc analysis
on the U-ACHIEVE trial demonstrated significantly
higher clinical response at day 8 among patients treated
with upadacitinib as compared to placebo in terms of
Mayo stool score = 0 (21/53 (39.6%) vs. 6/43 (14.0%),
p = 0.01) and Mayo rectal bleeding Subscore = 0 (33/53
(62.3%) vs. 9/43 (20.9%), p < 0.01). A post hoc analysis
on the SELECTION trial demonstrated that filgotinib
200 mg induced significantly more often rectal bleeding
subscore of 0 than placebo by day 6 in biologic-naive
patients (20.8% vs 12.4%, p = 0.04), and day 5 in
biologic-experienced  patients (17.2% vs  9.2%,
p=0.02)."

Clinical response at week 2

The first systematic assessment of clinical response in
patients with moderate-to-severe UC across the majority
of biological therapies and small molecules was found to
be two weeks after treatment initiation with no sign of
funnel asymmetry (Egger’s p = 0.37). All agents were
significantly superior to placebo for the induction of
clinical response at week 2 in the direct, pair-wise meta-
analysis (Fig. 3). No comparison between vedolizumab
and placebo at week 2 was identified; however, data
from the VARSITY trial indicated no difference between
vedolizumab and adalimumab (RR = 0.93 (95% CI
0.80-1.09), Fig. 3).” The overall heterogeneity was high
(I* = 78%).

Results from the network meta-analysis are shown in
Fig. 4. When comparing the active medications, upa-
dacitinib was significantly superior to all agents (high
confidence, Supplementary Table S6) but tofacitinib
(moderate confidence) in the overall analysis. Further,
tofacitinib was significantly superior to filgotinib
100 mg and ozanimod. Accordingly, upadacitinib and
tofacitinib ranked highest for this endpoint, while fil-
gotinib 100 mg, ozanimod, and ustekinumab ranked
lowest (Fig. 5, Supplementary Table S5).

When looking specifically on Mayo clinical response
at week 2, upadacitinib ranked highest and was signifi-
cantly superior to filgotinib 200 mg and 100 mg, but not
adalimumab, nor vedolizumab (Supplementary Fig. S3).
In terms of inducing a Mayo rectal bleeding Subscore of
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Identification of studies via databases and registers

( h Records identified from: Records removed before screening:
Pubmed (n = 6,412) Duplicate records removed: (n = 9,709)
Embase (n = 8,614)
L CENTRAL (n =2,512)
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12,577)
" J
\ 4
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(n =20,406) —| (n=20,226)
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(n=180) > Ineligible populations (n = 56)
Duplicate: (n= 45)
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Irrelevant study design: (n = 31)
Clinical assessment too late (n = 26)
v Insufficient data on outcomes (n = 2)
( ) Studies included in review
(n=25)
Included
- @@

Fig. 1: Flow diagram of assessment of studies identified in the systematic review.

0, tofacitinib (SUCRA 0.9153) ranked highest (in the
absence of upadacitinib) but was not superior to goli-
mumab (SUCRA 0.6745), infliximab (SUCRA 0.5673),
adalimumab (0.4911), and ustekinumab (0.3517)
(Supplementary Fig. S4). No difference was observed
when comparing TNF antagonists to other biologics or
infliximab versus other TNF antagonists (data not
shown).

Subgroup-analysis demonstrated that upadacitinib
and ustekinumab ranked highest for the induction of
clinical response at week 2 among bio-naive patients;
however, statical significance was not achieved in any
of the comparative analyses. Further, filgotinib
100 mg and ozanimod ranked lowest and were not
superior to placebo (Supplementary Fig. S5-S7 and
Supplementary Table S10). A post hoc analysis on the
OCTAVE trials demonstrated no reduction in the ef-
ficacy of tofacitinib when stratified according to pre-
vious bio-exposure.'"" Further, another post hoc
analysis from the UNIFI trial demonstrated that the
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superiority of ustekinumab over placebo in terms of
inducing clinical response at week 2 was more
apparent in bio-naive (41.5% vs. 19.9%) than bio-
exposed patients (34.3% vs. 31.1%).** Lastly, post hoc
analyses on upadacitinib demonstrated a high rate of
clinical response at week 2 when compared to placebo
both in patients without (64.3% vs. 16.7%) and pa-
tients with (52.4% vs. 14.7%, p < 0.001) previous bio-
exposure.*’

Clinical response at week 6

In a direct, pair-wise meta-analysis, all agents apart
from intravenous golimumab were significantly supe-
rior to placebo for the induction of clinical response at
week 6 (Supplementary Fig. S8, I* = 76%) (Egger’s
p = 0.84). In network meta-analysis, upadacitinib,
which ranked highest, was significantly superior to
infliximab, adalimumab, and filgotinib 100 mg but not
vedolizumab or filgotinib 200 mg (Supplementary
Fig. S9, Supplementary Table S5, high confidence).
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Fig. 2: Meta-analysis on proportions of induction of a) clinical response and b) clinical remission.

Vedolizumab was superior to adalimumab (moderate
confidence) and TNF antagonists as a whole, but not
infliximab. No difference was observed between the
TNF antagonists (data not shown). The sensitivity
analysis on Mayo clinical response was consistent with
the findings for week 2; however, upadacitinib was not
significantly  superior to filgotinib 200 mg
(Supplementary Fig. S10). Further, resolution of rectal
bleeding at week 6 was only reported for infliximab and
adalimumab, demonstrating similar efficacy (data not
shown). Subgroup analysis according to prior bio-
exposure is presented in Supplementary Fig. S11. We
found the efficacy relative to placebo of all agents, apart
from tofacitinib and vedolizumab, to slightly decrease
over time (Supplementary Figs. S12 and S13).

Clinical remission

Results from the pooled-proportion meta-analyses
regarding induction of clinical remission within the first
six weeks of treatment are presented in Fig. 2b.

Clinical remission within two weeks of treatment

The literature search identified only one study reporting
the clinical remission within two weeks of treatment.
The post hoc analysis from the SELECTION trial found
that filgotinib induced significantly higher PRO-2
remission rates compared to placebo nine days after
treatment initiation in both bio-naive (day 9: 46/245
(18.8%) vs. 13/137 (9.5%), p = 0.01) and bio-exposed
patients (day 7: 28/262 (10.7%) vs. 6/142 (4.2%),
p=0.02)."
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Drug Comparator Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Adalimumab vs placebo
Hanauer 2019 (ULTRA |, 1) 151 470 97 468 9.4% 1.55[1.24,1.93] -
Suzuki 2014 29 90 15 96 1.5% 2.06[1.19, 3.59]
Subtotal (95% Cl) 560 564 10.9% 1.61[1.31,1.98] L 2
Total events 180 112
Heterogeneity: Chi2 = 0.88, df = 1 (P = 0.35); 12 = 0%

Test for overall effect: Z = 4.57 (P < 0.00001)

1.1.2 Infliximab vs placebo

Singh 2020 (ACT) 128 240 79 238 9.9% 1. R 1.

Subtotal (95% Cl) 240 238 9.9% 1.61[1.30, 1.99] <
Total events 128 79
Heterogeneity: Not applicable

Test for overall effect: Z = 4.31 (P < 0.0001)

1.1.3 Golimumab SC vs placebo
Singh 2020 (PURSUIT-SC) 144 330 84 326 9.4%  1.69[1.36, 2.11] -
Subtotal (95% Cl) 330 326 9.4% 1.69 [1.36, 2.11] o
Total events 144 84
Heterogeneity: Not applicable

Test for overall effect: Z = 4.67 (P < 0.00001)

1.1.4 Ustekinumab vs placebo
Danese 2022 (UNIFI) 119 322 82 319 8.3% 1.44[1.14,1.82] -
Subtotal (95% Cl) 322 319 8.3% 1.44[1.14,1.82] L 2
Total events 119 82
Heterogeneity: Not applicable

Test for overall effect: Z = 3.03 (P = 0.002)

1.1.5 Vedolizumab vs adalimumab

Sands 2019 (VARSITY) 161 367 176 374 18.4% 0.93[0.80, 1.09]
Subtotal (95% Cl) 367 374 18.4% 0.93[0.80, 1.09]
Total events 161 176

Heterogeneity: Not applicable

Test for overall effect: Z = 0.87 (P = 0.38)

*4

1.1.6 Tofacitinib vs placebo
Hanauer 2019 (OCTAVE |, II) 373 905 49 234 6.8% 1.97[1.52, 2.55] -
Subtotal (95% CI) 905 234 6.8% 1.97 [1.52, 2.55] ‘
Total events 373 49
Heterogeneity: Not applicable

Test for overall effect: Z = 5.09 (P < 0.00001)

1.1.7 Upadacitinib vs placebo
Danese 2022 (U-ACCOMPLISH [UC2]) 216 341 45 174 6.6% 2.45[1.88,3.19] -
Danese 2022 (U-ACHIEVE substudy 2[UC1]) 192 319 42 154 6.2% 2.21[1.68, 2.90] -
Sandborn 2020 (U-ACHIEVE substudy 1) 31 56 7 46 0.9% 3.64[1.77,7.48]
Subtotal (95% CI) 716 374 13.6% 2.40[2.00, 2.88] <&
Total events 439 94
Heterogeneity: Chi2 = 1.66, df = 2 (P = 0.44); I = 0%

Test for overall effect: Z = 9.33 (P < 0.00001)

1.1.8 Ozanimod vs placebo
Siegmund 2022 (True North) 155 429 57 216 7.0% 1.37[1.06,1.77] -
Subtotal (95% Cl) 429 216 7.0% 1.37 [1.06, 1.77] L 4
Total events 155 57
Heterogeneity: Not applicable

Test for overall effect: Z=2.41 (P = 0.02)

1.1.9 Filgotinib 200 mg vs placebo
Danese 2022 (SELECTION_A) 100 245 40 137 5.1% 1.40[1.03, 1.89] —
Danese 2022 (SELECTION_B) 93 262 24 142 2.9% 2.10[1.41,3.13] D
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Fig. 3: Forest plot for achievement of clinical response at week 2 among patients with moderate to severe ulcerative colitis.
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Fig. 4: Indirect comparison of biologics and small molecule drugs for the induction of clinical response at week 2 in patients with
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Clinical remission at week 2

A network map of trials assessing clinical remission at
week 2 in patients with moderate-to-severe UC is shown
in Supplementary Fig. S1b with no evidence of funnel
asymmetry (Egger’s p = 0.09). In direct, pair-wise meta-
analysis, all agents available for analysis apart from fil-
gotinib 100 mg were significantly superior to placebo
(I = 78%, Supplementary Fig. S14). The ULTRA 1 trial,
which was deemed insufficient for inclusion, demon-
strated no statistically significant difference between
adalimumab and placebo in terms of this endpoint.”
Further, a post hoc analysis of the TRUE NORTH trial
demonstrated no difference in clinical remission at
week 2 between ozanimod and placebo (difference 1.9%

(95% CI -3.4-7.1)). In network meta-analysis, upada-
citinib ranked highest and was significantly superior to
infliximab, adalimumab, golimumab, filgotinib 200 mg,
vedolizumab, ustekinumab, and filgotinib 100 mg for
the induction of clinical remission at week 2 (Fig. 6,
high confidence). No data on tofacitinib were retrieved.
TNF antagonists were significantly superior to other
biological therapies in the overall analysis of clinical
remission and numerically superior in the sensitivity
analysis on PRO-2 remission ((RR = 1.43 (95% CI
1.00-2.05), Supplementary Figs. S15 and S16); in
contrast, no difference between infliximab and other
TNF antagonists was observed (data not shown).
Sensitivity analysis on Mayo clinical remission
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confirmed the difference between upadacitinib, filgoti-
nib 200 mg, and filgotinib 100 mg (Supplementary
Fig. S17).

Subgroup analysis showed that infliximab, golimu-
mab, vedolizumab, and ustekinumab were significantly
superior to placebo for the induction of PRO-2 remis-
sion at week 2 in bio-naive patients (Supplementary
Fig. S18, high confidence). Vedolizumab and ustekinu-
mab achieved the highest and lowest rankings, respec-
tively (Supplementary Table S7). Further, data on
ustekinumab indicated that bio-exposed patients had a
lower probability of achieving this endpoint than bio-
naive patients (16.3% vs. 25.2%). Similar data were
retrieved for vedolizumab (14.7% vs. 22.3%).” Unfor-
tunately, sensitivity analysis was not possible for Mayo
clinical remission.

Clinical remission at week 6

In the direct, pair-wise meta-analysis, Infliximab, SC
golimumab, vedolizumab, upadacitinib, filgotinib
200 mg, and filgotinib 100 mg were significantly su-
perior to placebo in terms of inducing clinical
remission at week 6 (I* = 76%, Supplementary
Fig. S19), Egger’s p = 0.09). The network meta-
analysis showed that upadacitinib was significantly
superior to all agents apart from SC golimumab (high
confidence), while vedolizumab and SC golimumab
remained significantly superior to adalimumab
(moderate confidence) but not infliximab (moderate
confidence, Supplementary Fig. S20, Supplementary
Table S5). No difference was observed between TNF
antagonists and biologics with other mechanisms of
action or within the group of TNF inhibitors (data not
shown). In the sensitivity analysis of Mayo clinical
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remission at week 6, all agents apart from intravenous
golimumab were superior to placebo. Further, upa-
dacitinib ranked highest and was significantly supe-
rior to filgotinib 200 mg and 100 mg (Supplementary
Fig. S21). Unfortunately, sensitivity analysis was not
possible for PRO-2 remission. Sensitivity analysis ac-
cording to prior bio-exposure is presented in
Supplementary Figs. S22 and S23, demonstrating no
difference between biologics and filgotinib 200 mg,
with SC golimumab ranking highest (Supplementary
Table S7).

We found the relative efficacy compared to placebo to
decrease for all agents apart from vedolizumab and
ustekinumab (Supplementary Figs. S24 and S25).

Endoscopic, histological, and biochemical response
and remission

The direct, pair-wise meta-analysis on endoscopic
remission at week 6 is summarised in Supplementary
Fig. S26. The network-meta-analysis did not add
further information apart from ranking vedolizumab
highest (Supplementary Fig. S27, Supplementary
Table S5). No histological data were found. Early
biochemical normalization was reported only for uste-
kinumab and upadacitinib. A higher proportion of pa-
tients treated with ustekinumab achieved normalization
of C-reactive protein at week 2 (29.1% vs. 19.5%,
p = 0.046) compared to placebo. This was consistent
with regard to normalization of fecal calprotectin (week
2: 13.5% vs. 8.0%, p = 0.039).* Finally, a higher pro-
portion of patients achieved normalization of fecal cal-
protectin with upadacitinib compared to placebo (U-
ACHIEVE: 29.4% vs. 4.8%, p < 0.001; U-ACCOM-
PLISH: 29.8% vs. 5.4%, p < 0.001)."
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Discussion

To our knowledge, this is the first systematic review
with a network meta-analysis to evaluate the compara-
tive onset of efficacy of marketed biological therapies
and small molecules for patients with UC. Several key
observations have emerged from this network meta-
analysis. First, upadacitinib was superior to all biolog-
ical therapies and filgotinib 200 mg in terms of inducing
a clinical remission at week 2, and upadacitinib and
tofacitinib ranked highest for the induction of clinical
response and clinical remission across all analyses.
However, in sensitivity analysis, upadacitinib and tofa-
citinib were not superior to biological therapies for the
induction of a Mayo clinical response or resolution of
rectal bleeding at week 2. Second, all biological therapies
induced significantly higher rates of PRO-2 remission
than placebo at week 2, with TNF antagonists being
superior to vedolizumab and ustekinumab in bio-naive
patients. Third, ozanimod, and ustekinumab ranked
lowest in the majority of analyses.

The symptom burden of moderate to severe active
UC is associated a high degree of disability and risk of
morbidity in terms of hospitalization and colectomy and
early symptomatic relief is thus considered an important
short-term treatment goal. Further, medicines with
rapid response may in addition provide beneficial dis-
ease modifying capabilities.* However, this topic is not
addressed in any currently available network meta-
analyses.*”*>** Physicians must carefully balance the
risks and benefits of continuing or discontinuing any
therapy. On the other hand, premature switching of
therapies increases the risk of exhausting treatment
options sooner. Further, switching back to previous
biological therapies may not be possible due to the risk
of immunogenicity.”'

The finding that upadacitinib and tofacitinib ranked
highest for most endpoints is in line with results from
network meta-analyses of post-induction and mainte-
nance endpoints of patients with UC.*” The current
study found upadacitinib to be significantly superior to
filgotinib 200 mg in all analyses. An important finding is
that upadacitinib and tofacitinib did not achieve statis-
tical superiority in the sensitivity analyses of Mayo
clinical response and resolution of rectal bleeding. This
needs, however, to be interpreted with caution as week 2
endpoints, which represent the first clinical assessment
across the trials, do not truly represent onset of efficacy
but rather early efficacy. Accordingly, studies have
demonstrated an onset of effectiveness of small mole-
cules within days in UC and refractory rheumatoid
arthritis.""***** Further, a recently published post hoc
analysis of the U-ACHIEVE and U-ACCOMPLISH trials
found upadacitinib to induce a significant symptomatic
improvement within a day in patients with UC.** Sec-
ond, the network model is anchored by the placebo-
group, which experienced relatively higher clinical
response than clinical remission, and therefore might

conceal the clinical benefit of the agents of interest.
Consequently, measuring clinical remission increases
the threshold of effect and, thereby, reduces the risk of
type I errors. This disparity does, however, highlight the
increasing diversity of efficacy measures and, conse-
quently, the need for rigorous standardization of mea-
sures that should always be reported within trials.
Whether TNF inhibitors have an earlier onset of efficacy
than other classes of biological therapies has long been
postulated.”” We found that TNF antagonists were
significantly superior to vedolizumab and ustekinumab
for induction of clinical remission at week 2, but not for
clinical response. Further, TNF inhibitors were superior
to other ustekinumab and vedolizumab in terms of
inducing PRO-2 remission at week 2 in bio-naive pa-
tients. Representing an important finding in this study,
ustekinumab and ozanimod ranked lowest in most
endpoints. However, caution is advised when consid-
ering these findings as ustekinumab ranked second
highest for the induction of clinical response at week 2
among bio-naive patients and ranked second highest for
induction of clinical remission at later time points in
biologically experienced patients.® In the current study,
we found no statistically significant differences between
infliximab and other TNF inhibitors. However, adali-
mumab ranked consistently lowest among the TNF in-
hibitors, which is in line with a previous network meta-
analysis.” Importantly, a recent post-hoc analysis of
ACT-1, ACT-2, and PURSUIT-SC trials adjusting for
patient-level differences found infliximab to resolve
symptoms more rapidly, and to have greater efficacy for
inducing remission, than golimumab in patients with
moderate-to-severe UC.*”? Further, previous real-world
studies and network meta-analysis have given prefer-
ence to infliximab over other TNF inhibitors for induc-
tion of clinical response in UC.*****

With increasing emphasis on the rapidity of onset of
efficacy, it is of interest to elucidate whether an early
response to biologics and small molecule agents pre-
dicts long-term efficacy or results in any long-term
benefit in moderate-to-severe UC. While emerging
studies are pointing towards this notion for small mol-
ecules,™'" our findings highlight a clinical rationale for
continuing treatment throughout the induction period
to reap the full benefits of agents, such as ustekinumab
and ozanimod.” A post hoc analysis of the VARSITY
trial demonstrated that the proportion of delayed re-
mitters to adalimumab and vedolizumab at week 14
were 11% and 13%, respectively, and a strategy of
waiting for delayed remission only benefitted 6-7% at
week 52.°° Nonetheless, to our knowledge, the current
literature has not addressed this topic, which restricts
the interpretations of the current study.

The current literature does not allow an analysis
based on the timing of occurrence of adverse events;
however, recent post-induction assessments have found
upadacitinib to be associated with the highest risk of
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adverse events.®” This highlights that the time to onset
of efficacy is not the only factor to consider when
choosing the right therapy.

Our study had several strengths. First, all analyses
were conducted at standardised time points based on a
large number of patients and trials. Currently, available
network meta-analyses combine data obtained 6-14
weeks after treatment initiation, which precludes in-
terpretations regarding the speed of onset of effect.
Second, we followed rigid recommendations regarding
the methodology of the systematic review, network
meta-analysis, and interpretations hereof.

However, we acknowledge several limitations in
addition to those inherent in the trials. Most important
is the inability of network-meta-analyses to adjust ana-
lyses for patient-level variables such as concomitant
medications (e.g., corticosteroids) that may induce a
rapid response which is indistinguishable from that of
the agents of interest. Second, the network meta-
analysis model does not consider variations in the
design of RCTs. Therefore, the findings should be
interpreted as hypothesis-generating in the absence of
head-to-head trials.” However, network models with
indirect comparisons remain helpful,”” and the system-
atic review methodology comprises the highest level of
evidence. Second, a high between-study heterogeneity
was observed, which might be attributed to differing
endpoint definitions. These were explored thoroughly in
sensitivity analyses. Finally, bio-exposure was consid-
ered and explored in any possible sensitivity analysis;
however, data on the bio-exposed subpopulation
remained scarce and will require more attention in
future studies.

In summary, we found that all available active agents
induced significantly higher clinical response than pla-
cebo at week 2, with upadacitinib and tofacitinib ranking
highest, while ustekinumab and ozanimod ranking
lowest across all endpoints. This might have implica-
tions in informed decision-making when considering
the choice of biological or small molecule agents. The
decision should, however, also include an individualised
risk-benefit assessment, including risks of pulmonary
emboli, venous thromboembolism, or even death with
use of JAK inhibitors.”* Head-to-head trials adding the
time to onset of efficacy as an endpoint are warranted to
differentiate further the currently available agents and
their position in the clinical setting.
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