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ABSTRACT

Introduction: Evidence on the comparative
efficacy and safety of approved therapies for
ulcerative colitis (UC) during induction and
maintenance, including upadacitinib (UPA),
vedolizumab (VEDO), ustekinumab (UST), and
tofacitinib (TOFA), is limited.

Prior Presentation: Data in part has been previously
presented as a poster at the 2023 United European
Gastroenterology Week (UEGW) Congress, 14-17
October 2023, Copenhagen, Denmark.
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Methods: Using data from phase 3 trials, three
placebo (PBO)-anchored matching-adjusted indi-
rect comparisons of the efficacy and safety of
UPA versus VEDO, UST, and TOFA (U-ACHIEVE
and U-ACCOMPLISH, GEMINI-1, UNIFI, and
OCTAVE induction and maintenance trials) have
been conducted. Baseline characteristics from
UPA trials were weighted separately to match
each comparator trial. Induction responders were
re-randomized to oral UPA 15 or 30 mg, VEDO
300 mg intravenously every 8 weeks (Q8W), UST
90 mg SC Q8W, or oral TOFA 5 mg, or PBO in
maintenance. Treat-through efficacy outcomes
at weeks 44(UST)/46(VEDO)/52(UPA/TOFA)
were adjusted by the likelihood of induction
response and included clinical response, clinical
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remission, and endoscopic improvement. Safety
outcomes included adverse events (AEs), serious
AEs (SAEs), and AEs leading to discontinuation
(except UPA vs. VEDO). Benefit-risk was assessed
by numbers needed to treat (NNT)/harm, calcu-
lated as the inverse of the difference in propor-
tions of patients achieving each efficacy/safety
outcome for UPA versus comparator.

Results: The proportions of patients who dem-
onstrated clinical response or endoscopic improve-
ment was greater with UPA 15 mg versus VEDO
and TOFA (p < 0.05). The proportions of patients
demonstrating all treat-through efficacy outcomes
were significantly greater with UPA 30 mg versus
VEDO, UST, or TOFA with NNTs 3.2-8.7. No sig-
nificant differences in proportions of AEs, SAEs,
and AEs leading to discontinuation were observed
between the two doses of UPA and comparators.
Conclusion: In patients with active UC, greater
clinical efficacy, and similar safety after 1 year
of maintenance were observed with UPA versus
VEDO, UST, and TOFA, suggesting a favorable
benefit-risk profile for UPA. Despite matched
baseline characteristics, differences in trial
design and endpoints may persist.

Keywords: Comparative effectiveness;
Indirect treatment comparison; Tofacitinib;
Upadacitinib; Ustekinumab; Vedolizumab

Key Summary Points

Why carry out this study?

In patients with ulcerative colitis (UC), the
advent of novel therapies, such as upa-
dacitinib, vedolizumab, ustekinumab, and
tofacitinib prompts questions on compara-
tive effectiveness and optimal sequencing;
however, there is a lack of head-to-head
trials comparing these treatments in patients
with moderately to severely active UC, and
indirect comparative effectiveness and safety
analyses may provide evidence to guide treat-
ment and reimbursement decisions

To address this evidence gap, matching-
adjusted indirect comparison (MAIC) was
used to compare the effectiveness and safety
of upadacitinib relative to vedolizumab,
ustekinumab, or tofacitinib separately con-
sidering both induction and maintenance
periods

What was learned from the study?

After 1 year of maintenance, greater clinical
efficacy and similar safety were observed with
upadacitinib vs vedolizumab, ustekinumab,
or tofacitinib in patients with moderately

to severely active UC, suggesting a favorable
benefit-risk profile of upadacitinib vs these
advanced therapies

The findings of this study build upon prior
evidence through the utilization of the MAIC
methodology, which unlike other indirect
treatment comparisons such as traditional
network meta-analyses, adjusts for differences
in trial populations and designs, through the
comparison of adjusted individual data of
upadacitinib with aggregated data from three
pivotal trials for the comparators

This analysis also demonstrates comparative
efficacy and safety across both induction and
maintenance periods, which is informative
for clinicians who would consider compara-
tive benefit-risk across both periods of disease
management, and can inform optimal strate-
gies to achieving the short-term, intermedi-
ate, and long-term goals per STRIDE-II.

DIGITAL FEATURES

This article is published with digital features,
including an infographic, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.25892893.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic disease with
continuous inflammation of the colonic mucosa
characterized by either alternating periods of
relapses and remission or chronically active
disease [1, 2]. Recommended short-term and
intermediate goals for management of patients
with UC by the Selecting Therapeutic Targets
in Inflammatory Bowel Disease (STRIDE)-II
initiative include the demonstration of clini-
cal response and remission, normalization of
C-reactive protein/erythrocyte sedimentation
rate, and reduction in fecal calprotectin levels
[3]. Long-term goals include endoscopic healing
of the mucosa, minimizing the impact of the
disease on health-related quality of life, and an
absence of disability [3].

The treatment landscape for UC has evolved
with the introduction of several novel biolog-
ics and small molecules that target specific
inflammatory pathways known to be involved
in the etiology of the disease [1, 3]. Classes of
advanced therapies recommended for treat-
ing moderately to severely active UC include
sphingosine-1-phosphate receptor modulators,
anti-tumor necrosis factor (TNF) agents (i.e.,
infliximab, adalimumab, and golimumab),
interleukin-12/23 inhibitors (IL-12/23; i.e.,
ustekinumab), anti-integrin antibodies (i.e.,
vedolizumab), and Janus kinase (JAK) inhibitors
(i.e., tofacitinib, upadacitinib, and filgotinib) [1,
4-7]. While the advent of novel therapies may
increase the ability of patients to achieve more
stringent disease targets, it also prompts ques-
tions on comparative effectiveness and optimal
sequencing.

Vedolizumab (VEDO), a humanized a4p7
integrin monoclonal antibody, ustekinumab
(UST), an IL-12/23 inhibitor, tofacitinib (TOFA),
a pan-JAK inhibitor, and upadacitinib (UPA), a
selective and reversible JAK inhibitor have all
been demonstrated to be effective as induc-
tion and maintenance therapies in phase 3
GEMINI 1, UNIFI, OCTAVE, and U-ACHIEVE
and U-ACCOMPLISH trials, respectively [8-12].
There is a lack of head-to-head trials comparing
these treatments in patients with moderately

to severely active UC. Indirect comparative
effectiveness and safety analyses may provide
evidence to guide treatment and reimburse-
ment decisions [13]. Currently, indirect treat-
ment comparisons between UPA, VEDO, UST,
and TOFA have been largely limited to network
meta-analyses (NMAs) [14-22]. Traditional
NMAs have been conducted to synthesize com-
parative treatment efficacy and safety; however,
they do not adjust for differences in patient
characteristics across clinical trials that may
impact treatment outcomes [21]. Furthermore,
most NMAs have focused on outcomes during
the induction period only.

To address this evidence gap, matching-
adjusted indirect comparison (MAIC) was used to
compare the effectiveness and safety of UPA rela-
tive to VEDO, UST, and TOFA separately, consid-
ering both induction and maintenance periods.

METHODS

Study Overview

This analysis included three separate pairwise
indirect comparisons of clinical efficacy and
safety outcomes of phase 3 induction and main-
tenance studies of UPA versus VEDO, UST, and
TOFA using MAIC [8-10, 12]. A key strength
of the MAIC methodology over other indirect-
treatment comparisons like NMAs is the ability
to reduce potential bias by adjusting for differ-
ences in patient characteristics across trials [23].

Ethics

This analysis utilized de-identified data from
published clinical trial data and therefore eth-
ics committee approval was not required. Each
individual trial included in this analysis was
approved by independent ethics committees or
institutional review boards at each study site,
and all patients provided written informed con-
sent before enrolling in each clinical trial. Study
was performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.
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Patients and Data Source

Individual, patient-level data were obtained
from randomized, double-blind, placebo-con-
trolled phase 3 trials of UPA, including induction
studies (U-ACHIEVE induction and U-ACCOM-
PLISH) and maintenance study (U-ACHIEVE
maintenance); results from the two induc-
tion studies were pooled prior to comparison
with the comparator trials [12]. Patients aged
16-75 years, with moderately to severely active
UC (defined as a diagnosis of UC 2 90 days prior
to baseline with an Adapted Mayo score of 5-9
points; endoscopic subscore 2 or 3) were rand-
omized 2:1 to oral UPA 45 mg once daily or pla-
cebo for 8 weeks induction treatment. Clinical
responders [decrease in Adapted Mayo score > 2
points and > 30%, plus decrease in rectal bleed-
ing score (RBS) > 1, or an absolute (RBS) < 1] to
8-week induction therapy were rerandomized
1:1:1 to UPA 15 mg, UPA 30 mg, or placebo for
52 weeks in the maintenance study. To align the
age of patients between the UPA and comparator
trials, the analysis excluded adolescent patients
aged < 18 years from the UPA trials.

For VEDO, aggregated data were obtained
from the GEMINI trial [8]. Patients aged
18-80 years, with active UC [defined as a diag-
nosis of UC > 6 months prior to enrollment with
a full Mayo score (FMS) of 6-12; endoscopic sub-
score > 2] were randomized 3:2 to VEDO 300 mg
or placebo intravenously at weeks 0 and 2 and
outcomes were assessed at week 6. Patients who
were clinical responders (decrease in Mayo Clinic
score > 3 and decrease > 30%, plus decrease in
RBS > 1, or an absolute RBS of O or 1) at week
6 were re-randomized 1:1:1 to receive VEDO or
placebo every 4 or 8 weeks for 46 weeks in the
maintenance study [8]; this analysis included
patients receiving VEDO 300 mg every 8 weeks
during the maintenance period.

For UST, aggregated data were obtained from
the UNIFI trial [9]. Adult patients with active
UC (defined as a diagnosis of UC > 90 days prior
to enrollment with FMS of 6-12; endoscopic
subscore of 2 or 3) were randomized 1:1:1 to a
single dose of UST at approximately 6 mg per
kg or placebo and followed for 8 weeks in the
induction trial. Patients with 16-week extended

induction were excluded from the analysis. Clin-
ical responders (decrease in total Mayo score > 3
points and > 30%, plus decrease in RBS > 1 point
or RBS of 0 or 1) to UST after 8 weeks were re-
randomized 1:1:1 to receive subcutaneous
UST 90 mg every 8 or 12 weeks or placebo for
44 weeks in the maintenance trial [9]; this analy-
sis included patients who received UST 90 mg
every 8 weeks during the maintenance period.

For TOFA, aggregated data were obtained
from the OCTAVE trials [10, 11]. Adult patients
with active UC (defined as a diagnosis of
UC = 4 months prior to enrollment with FMS
of 6-12, RBS of 1 to 3, and endoscopic subscore
of 2 or 3) were randomized 4:1 to receive oral
TOFA 10 mg twice daily or placebo in the induc-
tion trials of OCTAVE induction 1 and 2; base-
line characteristics and outcomes from the two
induction trials were pooled prior to comparison
with the UPA induction data. Clinical respond-
ers (decrease in total Mayo score > 3 points
and > 30%, plus decrease in RBS > 1 point or an
absolute RBS of O or 1) to induction TOFA were
re-randomized 1:1 to receive oral TOFA 5 mg
twice daily or PBO for 52 weeks in the mainte-
nance study [10, 11].

Baseline Characteristics Adjusted in the
MAIC

A feasibility assessment was conducted to ensure
the validity of the MAIC between UPA and all
three comparators. Data extracted from the
phase 3 trials were reviewed for similarities and
differences regarding study design, patient popu-
lation [e.g., eligibility criteria [i.e., active UC),
cohort definition, baseline (characteristics, etc.],
and outcome measures (e.g., data availability
and outcome definitions). Cross-trial differences
in baseline characteristics of patients from each
study were likely to be present. To further adjust
for heterogeneity, patients in the UPA trials with
individual level data were weighted separately to
match those reported for patients in the VEDO,
UST, and TOFA trials for induction and mainte-
nance. A propensity score model was used for
the weighting. Specific baseline induction and
baseline maintenance characteristics utilized
in the weighting are outlined in Table 1. Core
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baseline characteristics for both periods included
age, gender, extent and duration of disease, FMS,
and prior UC medication/biologic usage. After
matching and confirming feasibility based on
effective sample size, efficacy, and safety out-
comes were compared in the balanced patient
populations.

Outcomes

Efficacy

Clinical efficacy outcomes were assessed in the
overall population and stratified by biological
(bio)-naive and bio-failed populations for the
induction trials when data were available. Bio-
naive and bio-failed groups were defined as no
prior exposure to any biologic at baseline or as
inadequate response, loss of response, or intoler-
ance to biologics, respectively. Maintenance effi-
cacy outcomes were assessed in the overall popu-
lation, as data stratified by prior biologic status
were not available. Efficacy outcomes among
induction responders at maintenance weeks
44 [UST (mid-term)]/46 [VEDO (mid-term)]/52
(UPA/ TOFA) were adjusted by the likelihood
of clinical response to induction therapy after
6-8 weeks to assess treat-through efficacy in the
intent-to-treat population. This adjustment pro-
vides a more comprehensive assessment of com-
parative efficacy at the end of maintenance than
the alternative approach of comparing outcomes
only among the subset of patients who achieved
clinical response during induction. Efficacy out-
comes at end of induction at weeks 6 (VEDO)/8
(UST/UPA/TOFA) and at end of maintenance
among induction responders were evaluated.
Efficacy outcomes included clinical response
(defined as a decrease in FMS > 3 points
and > 30% and decrease in RBS of > 1 or an abso-
lute RBS of O or 1), clinical remission for UPA ver-
sus VEDO or UST (FMS < 2 with no subscore > 1)
or remission for UPA versus TOFA (FMS < 2 with
no subscore > 1, plus RBS of 0), and endoscopic
improvement (endoscopic subscore O or 1). More
stringent outcomes were evaluated where data
were available, including endoscopic remis-
sion (endoscopic subscore of 0) for UPA ver-
sus TOFA and histologic—endoscopic mucosal

improvement (HEMI; endoscopic improvement
with Geboes histologic score < 3.1) for UPA ver-
sus UST. Endoscopic readings were performed
centrally for all trials included in this analysis.

Safety

Safety outcomes were assessed in the overall
population for induction and maintenance
periods. The overall population was utilized for
the safety outcomes because data stratified by
prior biologic status was not available within the
target populations of the comparator trials. The
safety categories were limited to total adverse
events (AEs), serious AEs (SAEs), and AEs leading
to discontinuation and were selected for MAIC
as they represent the only safety assessments
consistently collected across trials. Data are pre-
sented when available.

To assess the benefit-risk profile, numbers
needed to treat or harm (NNT or NNH) were
calculated separately based on efficacy or safety
differences between UPA and comparators.

Statistical Analysis

Descriptive data for both before and after
weighting of baseline characteristics are pro-
vided in Supplemental Tables S1-6.
Proportions and differences in proportions
for all outcomes were compared in matched
populations and reported with P values and
associated robust 95% confidence intervals
(CI) for both the induction and maintenance
periods. For induction, a placebo-anchored
MAIC was used since all trials randomized
patients to a placebo arm at induction. For
anchor-based analyses, difference in differ-
ences between UPA and comparators [i.e.,
outcomes were compared for (UPA—placebo)
versus (comparator—placebo)] were calculated
as illustrated in the Supplemental methods,
with data described in Supplemental Tables
§7-11 for efficacy and Table S12 for safety. For
maintenance, a non-anchored MAIC was used
as only induction responders were enrolled;
treat-through efficacy analysis considers the
estimated likelihood of induction response
relative to placebo, and the full calculation
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and assumptions are described in the Sup-
plemental methods. Briefly, it was calculated
as (induction MAIC response rate) x (mainte-
nance MAIC efficacy outcome rate). Weighted
maintenance overall efficacy outcomes among
induction responders, without the treat-
through adjustment, are described in Supple-
mental Table S11.

NNT were calculated as the inverse of the dif-
ference in proportions achieving efficacy out-
comes between UPA and a comparator, with
positive NNT indicating greater efficacy for UPA
relative to the comparator. NNH were calcu-
lated as the inverse of the difference in propor-
tions achieving safety outcomes between UPA
and a comparator, with positive NNH indicat-
ing greater safety risk for UPA relative to the
comparator and negative NNH indicating lower
safety risk between UPA and the comparator.
The benefit risk profile was considered favorable
for UPA versus a comparator when the NNT was
less than the NNH [15].

The data analysis and output for this study
were generated using SAS version 9.4 (SAS
Institute, Cary, NC, USA).

RESULTS

Induction and Maintenance Baseline
Characteristics

Baseline characteristics, both before and after
matching, for the induction and maintenance
population are summarized overall and by prior
biologic status in Supplemental Tables S1-S6.
After matching, characteristics were well bal-
anced between the individual level UPA data
and the aggregated data for each comparator.

Efficacy Outcomes

UPA versus VEDO

In the induction analysis, a greater propor-
tion of patients receiving UPA versus VEDO
in both bio-naive and bio-failure groups
achieved clinical response, clinical remission,

and endoscopic improvement after weight-
ing (p < 0.05; Supplemental Table S7). Differ-
ences in the proportions of patients achieving
clinical response, clinical remission, and endo-
scopic improvement with UPA versus VEDO
were 0.173, 0.160, and 0.270, respectively, for
the bio-naive group, and 0.374, 0.141, and
0.191 for the bio-failed group.

In the treat-through efficacy analysis, which
highlights induction through maintenance
results, greater proportions of patients receiv-
ing UPA 15 or UPA 30 mg versus VEDO demon-
strated clinical response (54.3% vs. 57.6% vs.
26.6%), clinical remission (37.5% vs. 43.3% vs.
19.7%), and endoscopic improvement (48.9%
vs. 51.6% vs. 24.3%) (difference in propoz-
tions > 0; p < 0.05) (Fig. 1A-C).

UPA versus UST

In the induction analysis, greater proportions
of patients who received UPA versus UST in
both bio-naive and bio-failed groups achieved
clinical remission, endoscopic improvement,
and HEMI after weighting (p < 0.01; Supple-
mental Table S8). In patients who were bio-
naive, the differences in the proportion of
patients with clinical response, clinical remis-
sion, endoscopic improvement, and HEMI for
UPA versus UST were 0.146, 0.172, 0.312, and
0.255, respectively, and 0.235, 0.105, 0.135,
and 0.118, respectively, for bio-failed patients.

In the treat-through efficacy analysis, a sig-
nificantly greater proportion of patients receiv-
ing UPA 30 mg versus UST achieved all efficacy
outcomes (Fig. 2A-C; p < 0.05). No significant
differences were observed between UPA 15 mg
and UST for all efficacy outcomes, though all
proportions were numerically higher among
UPA 15 mg versus UST.

UPA versus TOFA

In the induction analysis, a greater propor-
tion of patients receiving UPA versus TOFA
in bio-naive and bio-failure groups achieved
clinical response, clinical remission, and endo-
scopic improvement (p < 0.05; Supplemental
Table S9). Differences in proportions between
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Fig. 1 Proportionsa’b and difference in proportions of
patients receiving UPA versus VEDO who achieved treat-
through cfficacy outcome of Clinical Response (a), Clini-
cal Remission (b), or Endoscopic Improvement (c), and had
Adverse Events (d) and Serious Adverse Events (e) in the
ITT population post-weighting. “For efficacy outcomes,
treat-through results are calculated as: (induction MAIC
response rate) x (maintenance MAIC efficacy rate). Stand-
ard errors were calculated as square root of the variance
for product of two independent variables (i.e., induction

UPA versus TOFA for clinical response, remis-
sion, and endoscopic improvement were 0.230,
0.146, and 0.251, respectively, for bio-naive
and 0.277, 0.068, and 0.143, respectively, for
bio-failed patients. Endoscopic remission was
also higher in UPA versus TOFA (0.086 differ-
ence, p < 0.001; Supplemental Table S10).

In the treat-through efficacy analysis, greater
proportions of patients receiving UPA 15 and
UPA 30 mg versus TOFA demonstrated clini-
cal response (39.9% vs. 52.8% vs. 29.7%),
endoscopic improvement (31.1% vs. 42.0% vs.

UPA15Smg M UPA30mg M PBO

MAIC response rate and maintenance MAIC efficacy
rate). UPA data are individual patient-level results while
VEDO data are aggregated published results. bSafety out-
comes are limited to broad categories because they were
collected consistently across clinical trials. P value equals
*p < 0.05, *p < 0.01, **p < 0.001. /7T intention-to-treat,
MAIC matching-adjusted indirect comparison, PBO pla-
cebo, UPAIS upadacitinib 15 mg, UPA30 upadacitinib
30 mg, VEDO300 vedolizumab 300 mg

21.5%), and endoscopic remission (15.5% vs.
20.5% vs. 8.4%) (difference in proportions rela-
tive to placebo > 0; p < 0.05) (Fig. 3A, C, D).
Remission was also higher in UPA 30 mg versus
TOFA (p < 0.001).

Maintenance Among Induction Responders

Given that the treat-through analysis consid-
ers the induction MAIC response rate times
the maintenance MAIC efficacy rate, mainte-
nance efficacy outcomes only among induction
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Fig.2 Proportiomsa’b and difference in proportions of
patients receiving UPA versus UST who achieved treat-
through efficacy outcomes of Clinical Response (a), Clini-
cal Remission (b), or Endoscopic Improvement (c), and had
Adverse Events (d), Serious Adverse Events (e), and Adverse
Events Leading to Discontinuation (f) in the ITT popula-
tion post weighting. *For efficacy outcomes, treat-through
results are calculated as: (induction MAIC response rate)
x (maintenance MAIC efficacy rate). Standard errors were
calculated as square root of the variance for product of

responders are also summarized. Overall, the
proportion of patients receiving UPA 15 or
30 mg who achieved clinical response, clini-
cal remission (or remission for UPA vs. TOFA),
or endoscopic improvement was significantly
greater for UPA 30 mg and at least numerically
greater for UPA 15 mg versus comparators (Sup-
plemental Table S11).

31.2
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two independent variables (i.c., induction MAIC response
rate and maintenance MAIC efficacy rate). UPA data are
individual patient-level results while UST data are aggre-
gated published results. "Safety outcomes are limited to
broad categories because they were collected consistently
across clinical trials. P value equals *p < 0.05, *p < 0.01,
**p < 0.001. ITT intention-to-treat, MAIC matching-
adjusted indirect comparison, PBO placebo, UPAIS upa-
dacitinib 15 mg, UPA30 upadacitinib 30 mg, UST90
ustekinumab 90 mg

Safety Outcomes

In the induction period, the proportions of
patients with AEs and SAEs were not signifi-
cantly different between the UPA and VEDO
groups. Similarly, differences in the propor-
tions of patients with AEs and SAEs were not
statistically different between UPA and UST and
UPA and TOFA patients, but the proportions of
discontinuations due to AEs were lower in UPA
versus TOFA (p < 0.05; Supplemental Table S12).
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Fig.3 Proportionsa’b and difference in proportions of
patients receiving UPA versus TOFA who achieved treat-
through efficacy outcomes of Clinical Response (a), Clinical
Remission (b), Endoscopic Improvement (c), or (d) Endo-
scopic Remission and had Adverse Events (&), Serious Adverse
Evenrs (), and Adverse Events Leading to Discontinuation
(g) in the ITT population post weighting. “For cfficacy
outcomes, treat-through results are calculated as: (induc-
tion MAIC response rate) x (maintenance MAIC efficacy
rate). Standard errors were calculated as square root of the

Through 1 year of maintenance, the differ-
ences in the proportions of AEs, SAEs, and AEs
leading to discontinuation were small and not

UPA15mg MUPA30mg M PBO

variance for product of two independent variables (i.c.,
induction MAIC response rate and maintenance MAIC
efficacy rate). UPA data are individual patient-level results
while TOFA data are aggregated published results. bSafcty
outcomes are limited to broad categories because they were
collected consistently across clinical trials. P value equals
*p < 0.05, *p < 0.01, **p < 0.001. ITT intention-to-treat,
MAIC matching-adjusted indirect comparison, PBO
placebo, TOFAS tofacitinib 5 mg, UPAIS upadacitinib
15 mg, UPA30 upadacitinib 30 mg

statistically different between both doses of UPA
and VEDO, UST, or TOFA (Figs. 1D-E, 2D-F,
3E-G).
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Benefit-Risk Profile: NNT and NNH Analyses

For treat-through maintenance efficacy out-
comes, most NNTs were < 10, for UPA (both
doses) versus comparators, suggesting greater
clinical efficacy of UPA. All NNH values were
either > 10 (denoting small safety risk differences
between UPA and comparators) or negative
(denoting lower safety risk difference for UPA
versus comparators) (Table 2). Overall, NNT/
NNH results suggest UPA has a favorable ben-
efit-risk profile versus VEDO, UST, and TOFA.

DISCUSSION

The treatment landscape for active UC has rap-
idly evolved over the last few decades. Head-to-
head trials comparing recently approved novel
therapies are lacking, and may not be feasible for
all therapies. There is a need for rapid and relia-
ble comparative efficacy and safety. This analysis
was a population-adjusted indirect comparison
of UPA with alternative treatments of VEDO,

UST, and TOFA during induction and mainte-
nance, including stratification by prior biologic
status for induction [5, 6]. The current study
used MAIC methodology, which, unlike NMAs,
adjusts for differences in trial populations and
designs, comparing adjusted individual data of
UPA with aggregated data from three pivotal tri-
als for the comparators [23, 24]. This adjustment
mitigates potential bias from cross-trial differ-
ences relative to other indirect comparisons,
such as NMAs, and thus can provide healthcare
decision-makers with novel and meaningful
comparative evidence [23]. This analysis also
demonstrates comparative efficacy and safety
across both induction and maintenance periods,
which is informative for clinicians who consider
comparative benefit-risk across both treatment
periods in their decision-making.

The comparators were selected given their
novelty, similar study design (i.e., infliximab has
threat-through design rather than re-randomi-
zation [235]), and the inferiority of adalimumab
relative to VEDO, which provided rationale
for inclusion of VEDO [26]. Overall, the find-
ings from this analysis across the induction and

Table 2 Summary Results of the NN'T and NNH analyses for patients receiving UPA vs VEDO, UST, or TOFA among the

ITT population

T
UPA 15 mg vs VEDO ‘ UPA 15 mg vs UST

UPA 15 mg vs TOFA

UPA 30 mg vs VEDO ‘ UPA 30 mg vs UST UPA 30 mg vs TOFA

Difference in
proportions

Difference in
proportions NNT*

Difference in
proportions NNT*

Efficacy Outcomes
Clinical response
Clinical remission

Endoscopic
improvement

NNT?*

Difference in
proportions NNT*

Difference in
proportions NNT*

Difference in
proportions NNT*

UPA 15 mg vs VEDO

UPA 15 mg vs UST

UPA 15 mg vs TOFA

UPA 30 mg vs VEDO

UPA 30 mg vs UST

UPA 30 mg vs TOFA

Difference in Difference in
proportions proportions Difference in Difference in Difference in Difference in
Safety Outcomes NNH? NNH® proportions NNH® proportions NNH® proportions NNH® proportions NNH®
Any AEs 0.096 ‘ 10.3 0.029 35.0 0.014 ‘ 70.9 0.025 40.1 —0.045 ‘ -22.0 ‘ -0.002 -500.0
Serious AEs 0.075 ‘ 134 ‘ -0.055 ‘ -18.1 -0.013 ‘ -76.3 -0.026 ‘ -38.1 ‘ ~0.082 ‘ Sz 0049 -20.6
AEs leading to
. RN N/A N/A —0.009 -116.2 0.041 24.6 N/A N/A 0.002 416.6 0.047 21.0
discontinuation'
| | | |

I  Efficacy outcome difference significantly greater for UPA vs comparator

0 UPA vs comparator outcome difference not significant

AE adverse event, ITT intention-to-treat, N/A not applicable, NNH number needed to harm, NNT number needed to
treat, SAE serious adverse event, UPA upadacitinib, UST ustekinumab, TOFA tofacitinib, VEDO vedolizumab

*NNT defined as the inverse of the difference in proportions achieving efficacy outcomes where positive (negative) NN'Ts
denote greater (lower) efficacy of UPA vs UST

®NNH defined as the inverse of the difference in proportions achieving safety outcomes where positive (negative) NNHs

denote greater (lower) safety risk of UPA vs UST

“Data were not available in the VEDO GEMINI-1 maintenance phase 3 trial. P value equals *p<0.05, *p<0.01, **»<0.001
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maintenance phases of phase 3 clinical trials
suggest that UPA provides greater clinical effi-
cacy relative to VEDO, UST, and TOFA, as evi-
denced by the greater proportions of patients
who achieved clinical response, clinical remis-
sion, and endoscopic improvement with UPA
45-mg induction dose, and both doses (UPA 15
and 30 mg) of UPA maintenance therapy. The
small differences in proportions and NNH val-
ues indicate that safety outcomes, including AEs,
SAEs, and AES leading to discontinuation, were
generally similar between UPA and VEDO, UST,
and TOFA. Together these findings suggest a
favorable benefit-risk profile for UPA compared
with these advanced therapies.

Our findings are consistent with all pub-
lished NMAs that included UPA as a compara-
tor. Burr et al. (induction), Lasa et al. (induc-
tion and maintenance without treat-through),
Panaccione et al. (induction and maintenance
[by prior biologic status] with treat-through),
Attauabi et al. (induction), and Ahuja et al.
(induction), all demonstrated superior clinical
efficacy of UPA in comparison to other advanced
therapies, particularly for clinical remission
[14-16, 18, 22]. Similar to our study, Panac-
cione et al. and Lasa et al. demonstrated com-
parable safety between UPA and other advanced
therapies, although Lasa et al. did note that UPA
ranked highest for occurrence of AEs [14, 135].
NMAs published by Burr et al. also demonstrated
a higher ranking of AEs for UPA, although seri-
ous AEs were not more frequent, and AEs lead-
ing to discontinuation or withdrawal were
lower than the rate observed with placebo [16].
Aside from ranking, no significant differences
across therapies in SAEs and AEs due to dis-
continuation were observed in these studies.
Despite differences in methodology, the simi-
lar findings underscore the robustness of MAIC
methodology.

Key strengths to this study include the poten-
tial for MAIC to assess more endpoints compared
to NMAs. Furthermore, MAIC as a methodology
is designed to reduce confounding of treatment
effects and uses individual patient data from one
treatment and matches it to published results
from another treatment.

An important limitation of MAIC is that,
unlike NMAs, it only allows two treatments to be

compared at a time, and only based on selected
published characteristics. Like NMAs, the MAIC
methodology assumes the target population is at
least as well represented in the comparator tri-
als as in the UPA trials. As with any comparison
of nonrandomized treatment groups, this com-
parison is subject to potential bias due to unob-
served or unmeasurable confounding. Another
limitation of this study and prior NMAs relates
to variable response rates observed between
placebo groups across all trials, consistent with
other studies that demonstrated similar differ-
ences in placebo response [4]. This variability
may be attributable to differences in duration
of therapies, timing of assessments, endpoint
definitions, and other aspects of trial design that
may persist due to effect modifiers not reported
in the trials. Adjustments for patient baseline
characteristics, such as prior biologic status,
was only feasible for those variables reported
from the published studies; residual variability
in some modifiers, such as baseline and con-
comitant corticosteroid use, may persist despite
adjustments. Comparisons by disease severity
were not feasible; however, the matching in UPA
versus TOFA led to an enrichment of extensive
UC (E3) disease, which could suggest that the
better efficacy observed with UPA versus TOFA
may be independent of disease extent and sever-
ity. In addition, the comparison of specific AEs
of special interest using MAIC methodology was
not pursued given the differences in definitions
and adjudication across trials. Finally, results
from this indirect treatment comparison may
not replace or be comparable with outcomes
observed in head-to-head studies, although
conducting head-to-head trials for all possible
comparisons may not be feasible. Further confir-
mation of these findings with additional clinical
trials or real-world evidence may be warranted.

Despite these limitations, this study evaluated
the cross-trial heterogeneity and used statistical
methods to control for potential sources of bias
from a broad range of observable patient char-
acteristics to mitigate confounding. The consist-
ency of MAIC results with previously published
NMAs suggests that trial heterogeneity does not
bring significant bias to affect the general con-
clusions from these studies. The analysis utilized
phase 3 clinical trial data, which ensured that
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patients were closely monitored and followed
for a significant period, and that outcomes were
well measured. Lastly, this study compared the
results from both induction and maintenance
phases of the trials, as most indirect treat-
ment comparisons only report results during
induction.

CONCLUSION

After 1 year of maintenance, greater clinical
efficacy and similar safety were observed with
UPA versus VEDO, UST, or TOFA in patients with
moderately to severely active UC, suggesting a
tavorable benefit-risk profile of UPA versus these
advanced therapies. Differences in trial design,
such as variable timing of re-randomization,
dosages and assessment times, and endpoint
definitions may persist and impact responder
profiles. The findings of this comparative study
can inform optimal strategies to achieving the
short-term, intermediate, and long-term goals
per STRIDE-II. Additional comparative analyses
to assess longer-term outcomes may be needed
to further inform clinical decision-making.
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