
Vol.:(0123456789)

Digestive Diseases and Sciences 
https://doi.org/10.1007/s10620-023-08252-1

ORIGINAL ARTICLE

Comparative Efficacy of Subcutaneous and Intravenous Infliximab 
and Vedolizumab for Maintenance Treatment of TNF‑naive Adult 
Patients with Inflammatory Bowel Disease: A Systematic Literature 
Review and Network Meta‑analysis

L. Peyrin‑Biroulet1 · P. Bossuyt2 · D. Bettenworth3,4 · E. V. Loftus Jr.5 · S. I. Anjie6 · G. D’Haens6 · M. Saruta7 · P. Arkkila8 · 
H. Park9,10 · D. Choi9,10 · D‑H. Kim9,10 · W. Reinisch11 

Received: 19 September 2023 / Accepted: 14 December 2023 
© The Author(s) 2024

Abstract
Background  Infliximab and vedolizumab are widely used to treat Crohn’s disease (CD) and ulcerative colitis (UC).
Aims  This systematic review and network meta-analysis evaluated comparative efficacy of various regimens for intravenous 
or subcutaneous infliximab and vedolizumab during maintenance treatment in CD and UC.
Methods  Parallel-group randomized controlled trials (RCTs) were identified by a systematic literature review 
(CRD42022383401) and included if they evaluated therapeutics of interest for maintenance treatment of adults with moder-
ate-to-severe luminal CD or UC and assessed clinical remission between Weeks 30 and 60. Clinical remission rates in CD 
or UC and mucosal healing rates in UC were analyzed in a Bayesian network meta-analysis model. Endoscopic outcomes 
in CD were synthesized by proportional meta-analysis.
Results  Overall, 13 RCTs were included in the analyses. All vedolizumab studies randomized induction responders to mainte-
nance treatment; infliximab studies used a treat-through design. Subcutaneous infliximab 120 mg every 2 weeks had the highest 
odds ratio (OR) [95% credible interval] versus placebo for clinical remission during the maintenance phase (CD: 5.90 [1.90–18.2]; 
UC: 5.45 [1.94–15.3]), with surface under the cumulative ranking curve (SUCRA) values of 0.91 and 0.82, respectively. For 
mucosal healing in UC, subcutaneous infliximab 120 mg every 2 weeks showed the highest OR (4.90 [1.63–14.1]), with SUCRA 
value of 0.73, followed by intravenous vedolizumab 300 mg every 4 weeks (SUCRA value, 0.70). Endoscopic outcomes in CD 
were better with subcutaneous infliximab 120 mg every 2 weeks than intravenous infliximab 5 mg/kg every 8 weeks.
Conclusions  Subcutaneous infliximab showed a favorable efficacy profile for achieving clinical remission and endoscopic 
outcomes during maintenance treatment in CD or UC.
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Introduction

Inflammatory bowel disease (IBD) refers to a heterogeneous 
group of chronic inflammatory disorders affecting the diges-
tive tract, of which the principal phenotypes are Crohn’s 
disease (CD) and ulcerative colitis (UC) [1]. Globally, the 
burden of IBD is increasing, with the most recent system-
atic assessment showing an increase in age-standardized 
prevalence from 79.5 per 100,000 people in 1990 to 84.3 
per 100,000 in 2017 [2].

During the past 15 or so years, biologic treatment 
options have revolutionized therapy for moderate-to-severe 
IBD [3]. However, as the range of treatment options has 
expanded to include not only the tumor necrosis factor 
inhibitors (TNFis), but also the biologics vedolizumab 
(VDZ) and ustekinumab, and small molecules such as 
Janus kinase (JAK) inhibitors and sphingosine-1-phos-
phate (S1P) receptor modulators, the complexity of 
treatment-related decisions has increased [4]. Infliximab 
(IFX) and VDZ are considered effective biologic treatment 
options for patients with moderate-to-severe IBD, and both 
are available in Europe as intravenous (IV) and subcutane-
ous (SC) formulations with various dose adjustment strate-
gies [5–9]. Recently, SC IFX has been approved by the US 
Food and Drug Administration (FDA) for the maintenance 
treatment of moderate-to-severe CD and UC and SC VDZ 
for moderate-to-severe UC [10–12]. To date, no head-to-
head randomized controlled trials (RCTs) have evaluated 
IFX and VDZ for the treatment of patients with IBD [13].

In the absence of head-to-head data from prospective 
RCTs, network meta-analyses (NMAs), which use data 
from multiple RCTs with common comparators, can be 

an important source of information by providing indirect 
evidence on the comparative aggregate efficacy of differ-
ent treatments in the IBD field [13, 14]. Indeed, system-
atic reviews and NMAs of data from RCTs contribute to 
evidence-based healthcare decision-making, for example 
when developing clinical practice guidelines and reim-
bursement policies [15].

Several systematic reviews and NMAs have assessed the 
efficacy of IFX and VDZ [16–18]; however, limited com-
parative efficacy results are available for SC formulations 
of these agents, given their recent regulatory approval in 
Europe and the US for the IBD indication (UC only for 
VDZ SC). To address this evidence gap, we conducted 
an NMA to evaluate the comparative efficacy of IFX and 
VDZ during maintenance treatment for TNFi-naïve CD 
and UC, including comparison of the SC formulation. To 
our knowledge, this analysis is the first to comprehensively 
assess the SC administration route for IFX and VDZ as 
separate treatment arms in a TNFi-naïve population.

Methods

The systematic literature review was performed according 
to a prospectively registered study protocol (PROSPERO 
number CRD42022383401; https://​www.​crd.​york.​ac.​uk/​
prosp​ero/​displ​ay_​record.​php?​Recor​dID=​383401) [19].

Search Strategy

We performed systematic electronic searches of PubMed and 
Embase to identify potentially relevant studies reported as 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=383401
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=383401
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full-text reports. Search strategies employed Medical Sub-
ject Headings and free-text terms (Supplementary materi-
als). Additionally, we conducted hand searches of relevant 
gray literature sources, including the European Crohn’s and 
Colitis Organisation website and the European Medicines 
Agency website. All searches were conducted for 1997 to 
December 1, 2022.

Inclusion and Exclusion Criteria

Study Design

Parallel-group randomized (placebo- or active-) controlled 
trials were eligible for inclusion. We included studies that 
evaluated IV or SC IFX (reference product or biosimilar) 
or VDZ for maintenance treatment (≥ 22 weeks) and that 
assessed clinical remission at a timepoint between 30 and 
60 weeks. Studies comparing clinical outcomes between a 
reference product and its biosimilar were excluded.

Outcomes

The prespecified outcome of interest was clinical remission 
rate (as defined in the included studies, e.g., Crohn’s Disease 
Activity Index [CDAI] score of ≤ 150 for patients with CD, 
or Mayo score of ≤ 2 and no subscore of > 1 for patients 
with UC). In addition, exploratory analyses were conducted 
for endoscopic outcomes, as defined in the included stud-
ies; in patients with CD, endoscopic remission was defined 
as either an absolute Simple Endoscopic Score for Crohn’s 
Disease (SES-CD) of ≤ 2 or an SES-CD subscore of ≤ 2, and 
mucosal healing was defined as an absence of all ulcers; in 
patients with UC, mucosal healing was defined as an abso-
lute endoscopic subscore of 0 or 1 (based on the Mayo scor-
ing system).

Participants

Two cohorts of patients were included and analyzed sepa-
rately: TNFi-naïve adults (aged ≥ 18 years) with moderate-
to-severe CD and TNFi-naïve adults with moderate-to-
severe UC. Pediatric patients (aged < 18 years), patients 
who had previously received TNFis, and patients with 
either fistulizing CD or acute severe UC, were excluded. 
For analysis of endoscopic outcomes in CD, all patients were 
included, regardless of previous TNFi exposure, due to data 
availability.

Study Selection

Two authors (DC and D-HK) independently screened 
the titles and abstracts of the retrieved records (i.e., 

full-text articles published in peer-reviewed journals) against  
the predefined eligibility criteria to identify potentially  
relevant studies for inclusion (noting reasons for exclusion).  
Full-text publications for studies identified as potentially 
relevant were sourced and reviewed independently by two 
authors (DC and D-HK) to determine inclusion/exclusion. 
Disagreements were resolved by discussion or through arbi-
tration by a third author if necessary. Multiple reports of the 
same study were collated, so that studies were the unit of 
interest for this review. The screening and full-text review 
process was documented to generate a Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
flowchart [20].

Quality Assessment

Risk of bias for the included studies was evaluated using 
the Cochrane risk of bias tool version 1.0 [21, 22]. Briefly, 
potential sources of bias were rated as high, low, or unclear 
for the following seven domains: random sequence genera-
tion; allocation concealment; blinding of participants and 
personnel; blinding of outcome assessment; incomplete 
outcome data; selective outcome reporting; and other bias. 
Assessments were completed independently by two authors 
(DC and D-HK), with disagreements resolved by discussion 
or arbitration by a third author if necessary.

Statistical Methods

Clinical remission rate data were analyzed in separate Bayesian 
NMA fixed-effect models for the CD and UC cohorts. A 
Bayesian NMA fixed-effect model was also used to analyze 
mucosal healing data for the UC cohort. For all analyses, 
interventions were split by biologic (IFX or VDZ), dosage 
regimen (dose and frequency), and route of administration 
(IV or SC).

Clinical remission data (CD and UC) and mucosal heal-
ing data (UC) were synthesized in the Bayesian network 
models to estimate the odds ratio (OR) of each active com-
parator achieving clinical remission compared with placebo; 
for each comparison, ORs were reported with associated 
95% credible intervals (CrIs). The relative effects of the 
interventions were used to calculate rank probabilities for 
each regimen (where rank 1 represents the best treatment 
option). To extract quantitative summaries of rank probabili-
ties, surface under the cumulative ranking curve (SUCRA) 
values were calculated using the sum of the cumulative rank 
probabilities [23, 24], where higher SUCRA scores correlate 
with better efficacy.

As it was not possible to synthesize endoscopic outcomes 
in CD by using an NMA due to absence of common inter-
vention among studies, mucosal healing and endoscopic 
remission data (CD) were synthesized using proportional 
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meta-analyses per each regimen so that they can be com-
pared narratively. In addition, a hierarchical algorithm was 
applied to enable comparative analysis of the endoscopic 
outcome assessment: mucosal healing defined by the 
absence of all ulcers was first utilized or, if not reported, 
endoscopic remission defined by absolute SES-CD of ≤ 2 
or SES-CD subscore of ≤ 2 were utilized for the analysis. 
Endoscopic data were synthesized to generate pooled pro-
portions with 95% confidence intervals (CIs) by treatment.

Statistical analyses were performed using R version 4.2.1 
with metafor [25], meta [26], and gemtc [27, 28] package 
version 2.6–0.

Results

Search Results

A PRISMA flow diagram summarizing the flow of informa-
tion for studies enrolling patients with CD is presented in 
Fig. 1A. We identified a total of 5,809 records through the 
searches. After removal of duplicates, 5,132 records were 
screened and 5,035 records were excluded. Overall, 101 
full-text publications were reviewed against the eligibility 
criteria and 94 publications were excluded. A total of seven 
studies (nine publications) were included in the qualitative 
and quantitative syntheses, as follows:

•	 IFX (four studies): NCT00207662 (ACCENT I) [29], 
NCT00094458 (SONIC) [30], NCT02883452 (CT-P13 
SC 1.6 study Part 1) [31], NCT02883452 (CT-P13 SC 
1.6 study Part 2) [32, 33].

•	 VDZ (three studies): NCT00783692 (GEMINI 2) [34, 
35], NCT02038920 [36], NCT02611817 (VISIBLE 2) 
[37].

The flow of information for studies enrolling patients with 
UC is summarized in the PRISMA flow diagram presented 
in Fig. 1B. We identified a total of 4,194 records through 
the searches. After removal of duplicates, 3,514 records 
were screened and 3,423 records were excluded. Overall, 
98 full-text publications were reviewed against the eligibility 
criteria and 91 publications were excluded. A total of seven 
studies (nine publications) were included in the qualitative 
and quantitative syntheses, as follows:

•	 IFX (four studies): NCT00036439 (ACT 1) [38], 
NCT00096655 (ACT 2) [38], Jiang et  al. [39], 
NCT02883452 (CT-P13 SC 1.6 study Part 2) [32, 33].

•	 VDZ (three studies): NCT00783718 (GEMINI 1) [40, 
41], NCT02039505 (CCT-101) [42], NCT02611830 
(VISIBLE 1) [43].

Study Characteristics

Studies Contributing to the CD Analyses

The design and eligibility criteria of the seven studies con-
tributing data to the CD analyses were generally consistent 
(Table 1). All were multicenter studies (six global, one Japa-
nese) with a treatment duration of 50–60 weeks (correspond-
ing to the timepoint for assessment of clinical remission and 
endoscopic outcomes). Studies with a treatment duration of 
22–60 weeks were also allowed for the comparison of endo-
scopic outcomes. The four IFX studies used a treat-through 
design, whereby all patients who completed the induction 
phase were eligible for maintenance treatment (although 
ACCENT I was a treat-through study, clinical remission 
was only evaluated in Week 2 responders). In contrast, the 
three VDZ studies re-randomized patients who responded 
to induction (response defined as a ≥ 70-point decrease in 
CDAI score at Week 6/10) to subsequently receive mainte-
nance treatment. Eligibility criteria were a minimum disease 
duration of 6–12 weeks and a CDAI score of 220–400/450; 
prior TNFi treatment was not permitted in any of the IFX 
studies but was permitted in the VDZ studies, with the 
proportion of patients with prior TNFi use ranging from 
approximately 50–80% across study arms. Only data for 
TNFi-naïve patients were included in the present analy-
ses, except for assessment of endoscopic remission from  
VISIBLE 2, which included TNFi-experienced patients. 
Patients in the IFX studies received IFX IV 5 mg/kg every 
8  weeks (Q8W), IFX IV 5  mg/kg Q8W + azathioprine 
(AZA) 2.5 mg/kg/day, IFX IV 10 mg/kg Q8W, IFX SC 
120 mg every 2 weeks (Q2W), or IFX SC 120/240 mg Q2W 
(according to bodyweight) as maintenance intervention, and 
placebo, AZA 2.5 mg/kg/day, or IFX IV 5 mg/kg Q8W as 
comparator (in Part 2 of the CT-P13 SC 1.6 study, patients 
who initially received maintenance CT-P13 IV 5 mg/kg 
Q8W were switched to receive CT-P13 SC 120/240 mg 
Q2W from Week 30). Patients in the VDZ studies received 
VDZ IV 300 mg Q8W, VDZ IV 300 mg every 4 weeks 
(Q4W), or VDZ SC 108 mg Q2W as maintenance interven-
tion and placebo as comparator.

A total of 973 participants were assigned to the relevant 
maintenance treatment arms of the included studies. Base-
line characteristics were not routinely reported for the subset 
of TNFi-naïve patients in each of the included studies; there-
fore, it is not possible to summarize patient characteristics 
for the specific TNFi-naïve population contributing data to 
the present analyses. However, in the overall study popula-
tions of the included studies (i.e., across arms and includ-
ing patients who had previously received treatment with a 
TNFi), mean/median age ranged from 32.6 to 38.6 years, 
25.0 to 69.2% of participants were female, and mean/median 
disease duration was 2.2 to 9.6 years (Table 1).
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Studies Contributing to the UC Analyses

The design and eligibility criteria of the seven studies con-
tributing data to the UC analyses were generally consistent 
(Table 2). All the included studies were global, multicenter 
studies except for one single-center study conducted in 
China and one conducted in Japan [39, 42]. All studies had 
a duration of between 22 and 60 weeks (corresponding to the 
timepoint for assessment of clinical remission and mucosal 
healing). The four IFX studies used a treat-through design 

while in the VDZ studies, only patients who responded to 
induction at Week 6 (GEMINI 2; VISIBLE 1) or Week 10 
(CCT-101) were subsequently re-randomized to receive 
maintenance treatment (response defined as a reduction 
in Mayo score of ≥ 3 points and a decrease of ≥ 30% from 
baseline score, plus a decrease of ≥ 1 point on the rectal 
bleeding scale or an absolute rectal bleeding score of ≤ 1). 
Eligibility criteria were moderate-to-severe UC as defined 
by a Mayo score of 6–12 points and a Mayo endoscopic 
subscore of ≥ 2; the GEMINI 1 and VISIBLE 1 studies also 

Fig. 1   PRISMA flow diagram 
for A Crohn’s disease and 
B ulcerative colitis cohorts. 
ECCO, European Crohn’s and 
Colitis Organisation; EMA, 
European Medicines Agency; 
SmPC, Summary of Product 
Characteristics; VDZ, vedoli-
zumab. aAdditional sources 
were the ECCO website (n = 1 
article: 2020 ECCO guideline 
for Crohn’s disease medi-
cal treatment) and the EMA 
website (n = 4 articles: CT-P13 
EPAR EMA/376884/2020; 
CT-P13 EPAR EMA/
CHMP/548703/2019; CT-P13 
SmPC [last updated Nov 
25, 2022]; VDZ SmPC [last 
updated Oct 13, 2022]). 
bAdditional sources were the 
ECCO website (n = 1 article: 
2022 ECCO guideline for 
ulcerative colitis medical treat-
ment) and the EMA website 
(n = 3 articles: CT-P13 EPAR 
EMA/376884/2020; CT-P13 
SmPC [last updated Nov 
25, 2022]; VDZ SmPC [last 
updated Oct 13, 2022])
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Table 2   Characteristics of the included studies (UC analyses)

Study NCT identifier 
(trial name)

Country Number 
of  
centers

Intervention N Age, median 
(range), years

Sex, female, % Disease 
duration, 
mean (SD), 
years

Duration of 
treatment, 
weeks (study 
design)

IFX studies
Rutgeerts P 

et al., 2005 
[38]

NCT00036439 
(ACT 1)

Global 62 IFX IV 5 mg/kg 
(Weeks 0, 2, 6, 
then Q8W)

121 42.4 (14.3)a 35.5 5.9 (5.4) 54 (Treat-
through)

IFX IV 10 mg/kg 
(Weeks 0, 2, 6, 
then Q8W)

122 41.8 (14.9)a 41.0 8.4 (8.1)

PBO (Weeks 0, 2, 
6, then Q8W)

121 41.4 (13.7)a 40.5 6.2 (5.9)

Rutgeerts et al., 
2005 [38]

NCT00096655 
(ACT 2)

Global 55 IFX IV 5 mg/kg 
(Weeks 0, 2, 6, 
then Q8W)

121 40.5 (13.1)a 37.2 6.7 (5.3) 30 (Treat-
through)

IFX IV 10 mg/kg 
(Weeks 0, 2, 6, 
then Q8W)

120 40.3 (13.3)a 43.3 6.5 (5.8)

PBO (Weeks 0, 2, 
6, then Q8W)

123 39.3 (13.5)a 42.3 6.5 (6.7)

Jiang XL et al., 
2015 [39]

Not assigned China 1 IFX IV 3.5 mg/kg 
(Weeks 0, 2, 6, 
then Q8W)

41 34.1 (13.8)a 41.5 4.3 (2.5) 30 (Treat-
through)

IFX IV 5 mg/kg 
(Weeks 0, 2, 6, 
then Q8W)

41 34.3 (14.3)a 36.6 4.4 (2.8)

PBO (Weeks 0, 2, 
6, then Q8W)

41 34.5 (14.9)a 39.0 4.4 (2.6)

Schreiber S 
et al., 2021 
[33]

NCT02883452 
(CT-P13 SC 
1.6 Part 2)

Global 50 CT-P13 IV 5 mg/kg  
(Weeks 0, 2, 
6, then Q8W 
until Week 
22 → switched 
to CT-P13 SC 
120/240 mgb 
Q2W from Week 
30)

40 37.0 (18–70) 40 5.99 (6.73) 54 (Treat-
through)

CT-P13 SC 
120/240 mgb 
(CT‑P13 IV 5  
mg/kg at Weeks 
0, 2 → CT-P13 
SC 120/240 mgb 
at Week 6, then 
Q2W)

38 33.0 (18–65) 47.4 6.61 (5.50)
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Table 2   (continued)

Study NCT identifier 
(trial name)

Country Number 
of  
centers

Intervention N Age, median 
(range), years

Sex, female, % Disease 
duration, 
mean (SD), 
years

Duration of 
treatment, 
weeks (study 
design)

VDZ studies
Feagan BG 

et al., 2013 
[41]

NCT00783718 
(GEMINI 1)

Global 211 Induction phase
VDZ IV 300 mg 

(Days 1, 15)
746c 40.1 (13.2)a 42.0 6.8 (6.2) 6

PBO (Days 1, 15) 149 41.2 (12.5)a 38.3 7.1 (7.2)
Maintenance phase (all patients with a clinical response at Week 6)
VDZ IV 300 mg 

Q8W from  
Week 6

122 41.0 (13)a 42.6 6.2 (5) 52 (Re-
randomi-
zation with 
induction 
responders 
only)

VDZ IV 300 mg 
Q4W from  
Week 6

125 38.6 (14)a 45.6 7.6 (7)

PBO Q4W from 
Week 6

126 40.3 (14)a 45.2 7.8 (7)

Motoya S et al., 
2019 [42]

NCT02039505
(CCT-101)

Japan 100 Induction phase
VDZ IV 300 mg 

(Weeks 0, 2, 6)
164 42.3 (14.4)a 39.6 7.2 (6.2) 10

PBO (Weeks 0, 
2, 6)

82 44.0 (16.0)a 32.9 8.6 (8.0)

Maintenance phase (patients with a clinical response to VDZ at Week 10)
VDZ IV 300 mg 

Q8W from Week 
14

41 43.0 (14.3)a 48.9 8.6 (7.8) 60 (Re-
randomi-
zation with 
induction 
responders 
only)

PBO Q8W from 
Week 14

42 42.6 (14.4)a 45.2 8.7 (7.0)

Maintenance phase (all patients with a CDAI-70 response at Week 6)
Sandborn SJ 

et al., 2020 
[43]

NCT02611830 
(VISIBLE 1)

Global 141 VDZ SC 108 mg
(VDZ IV 300 mg 

at Weeks 0, 
2 → VDZ SC 
108 mg Q2W 
from Week 6)

106 38.1 (13.1)a 38.7 8.0 (6.2) 52d (Re-
randomi-
zation with 
induction 
responders 
only)

VDZ IV 300 mg 
(Weeks 0, 2, 6, 
then Q8W)

54 41.6 (14.1)a 42.6 8.2 (5.9)

PBO (VDZ IV 
300 mg at Weeks 
0, 2 → PBO from 
Week 6)

56 39.4 (11.7)a 39.3 7.4 (7.1)

IFX infliximab, IV intravenous, NCT National Clinical Trial, PBO placebo, QnW every n weeks, SC subcutaneous, SD standard deviation,  
UC ulcerative colitis, VDZ vedolizumab
a Data are mean (SD)
b CT-P13 SC dosing was weight-based
c n = 225 patients from the randomized cohort and n = 527 from the open-label cohort
d Final safety follow-up up to Week 68
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required ≥ 15 cm of involved colon. Prior TNFi treatment 
was not permitted in any of the IFX studies but was permit-
ted in the VDZ studies, with the proportion of patients with 
prior TNFi use ranging from approximately 35–50% across 
study arms (only data for TNFi-naïve patients were included 
in the present analyses). Patients in the IFX studies received 
IFX IV 3.5 mg/kg Q8W, IFX IV 5 mg/kg Q8W, IFX IV 
10 mg/kg Q8W, or IFX SC 120/240 mg Q2W (according to 
bodyweight) as maintenance intervention, and either placebo 
or IFX IV 5 mg Q8W as comparator (in Part 2 of the CT-P13 
SC 1.6 study, patients who initially received maintenance 
CT-P13 IV 5 mg/kg Q8W were switched to receive CT-P13 
SC 120/240 mg Q2W from Week 30). Patients in the VDZ 
studies received VDZ IV 300 mg Q8W, VDZ IV 300 mg 
Q4W, or VDZ SC 108 mg Q2W as maintenance intervention 
and placebo as comparator.

A total of 1330 participants were assigned to the relevant 
maintenance treatment arms of the included studies. As 
above, it was not possible to summarize patient characteris-
tics for the specific TNFi-naïve population contributing data 
to the present analyses. However, in the overall study popu-
lations of the included studies (i.e., across arms and includ-
ing patients who had previously received treatment with a 
TNFi), mean/median age ranged from 33.0 to 44.0 years, 
33 to 49% of participants were female, and mean/median 
disease duration was 4.3 to 8.7 years (Table 2).

Risk of Bias in the Included Studies

The risk of bias assessment is summarized in Supplementary 
Fig. 1. Across the 49 assessments for the studies contributing 
data to the CD analyses (seven studies, seven domains), 33 
were considered to be at low risk of bias, 12 to have an unclear 
risk of bias, and four to be at high risk of bias; Part 1 and Part 
2 of the CT-P13 SC 1.6 study were considered to have a high 
risk of bias for blinding of participants and personnel, and 
blinding of outcome assessment due to the open-label design.

Across the 49 assessments for the studies contributing 
to the UC analyses (seven studies, seven domains), 28 were 
considered to be at low risk of bias, 18 to have an unclear 
risk of bias, and three were considered at high risk of bias; 
Part 2 of the CT-P13 SC 1.6 study was considered to have a 
high risk of bias for blinding of participants and personnel, 
and blinding of outcome assessment due to the open-label 
design, and the VISIBLE 1 study was considered to have a 
high risk of bias due to selective reporting.

Comparative Efficacy Between Treatments

Clinical Remission Rates in Patients with CD

The NMA for clinical remission rates in patients with mod-
erate-to-severe CD included seven treatments and eight 

direct comparisons (Fig. 2A). VDZ IV 300 mg Q8W versus 
placebo, IFX IV 5 mg/kg Q8W versus placebo, and IFX IV 
5 mg/kg Q8W versus IFX SC 120 mg Q2W were the direct 
comparisons most commonly evaluated in the included 
studies.

ORs versus placebo for achieving clinical remission dur-
ing the maintenance phase are presented in Fig. 3A. Clinical 
remission rates were significantly higher than placebo for 
all biologics, dosage regimens, and routes of administration 
examined, with the exception of VDZ SC 108 mg Q2W. 
IFX SC 120 mg Q2W had the highest OR versus placebo for 
clinical remission during the maintenance phase (5.90; 95% 
CrI, 1.90–18.2), while VDZ SC 108 mg Q2W had the lowest 
OR versus placebo (1.28; 95% CrI, 0.69–2.42).

Rank probabilities for achieving clinical remission in 
patients with CD are presented in Supplementary Fig. 2A. 
When the treatments were ranked according to SUCRA, 
IFX SC 120 mg Q2W ranked highest (SUCRA value, 0.91), 
followed by IFX IV 10 mg/kg Q8W (0.81), then VDZ IV 
300 mg Q8W (0.61) (Fig. 4A). Placebo ranked last (i.e., rank 
7; SUCRA value, 0.04) and VDZ SC 108 mg Q2W ranked 
sixth (SUCRA value, 0.16).

Clinical Remission Rates in Patients with UC

Eight treatments and 11 comparisons were included in the 
NMA for clinical remission rates in patients with moder-
ate-to-severe UC (Fig. 2B). VDZ IV 300 mg Q8W versus 
placebo and IFX IV 5 mg/kg Q8W versus placebo were 
the direct comparisons most commonly evaluated in the 
included studies.

ORs versus placebo for achieving clinical remission dur-
ing the maintenance phase are presented in Fig. 3B. Clinical 
remission rates were significantly higher than placebo for 
all biologics, dosage regimens, and routes of administration 
evaluated. IFX SC 120 mg Q2W had the highest OR versus 
placebo for clinical remission during the maintenance phase 
(5.65; 95% CrI, 1.75–17.0).

Rank probabilities for achieving clinical remission in 
patients with UC are presented in Supplementary Fig. 2B. 
When the interventions were ranked according to the 
SUCRA, IFX SC 120 mg Q2W ranked highest (SUCRA 
value, 0.81) and VDZ SC 108 mg Q2W ranked second 
(SUCRA value, 0.68) (Fig. 4B). Placebo ranked last (i.e., 
rank 8; SUCRA value, 0.00) and IFX IV 5 mg/kg Q8W 
ranked seventh (SUCRA value, 0.36).

Endoscopic Outcomes in Patients with CD

Proportional meta-analyses were conducted for IFX SC 
120 mg Q2W and IFX IV 5 mg/kg Q8W in patients with 
moderate-to-severe CD (Supplementary Fig. 3A and B). 
For treatments with only one study included (i.e., IFX IV 
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10 mg/kg Q8W and VDZ SC 108 mg Q2W), the single pro-
portion was drawn in a forest plot (Supplementary Fig. 3C 
and D).

IFX SC 120 mg Q2W showed a higher proportion ratio of 
0.51 (95% CI, 0.21–0.81) than IFX IV 5 mg/kg Q8W (0.38 
[95% CI, 0.24–0.52]) for achieving endoscopic endpoints.

Mucosal Healing Rates in Patients with UC

Eight treatments and 11 direct comparisons were included in 
the NMA for mucosal healing rate in patients with moderate-
to-severe UC (Fig. 2C). The overall spectrum of timepoints 
at which mucosal healing was assessed spanned from the 
earliest follow-up point of Week 22 in the 1.6 Part 2 study 
to Week 60 in the CCT-101 study.

ORs versus placebo for achieving mucosal healing dur-
ing the maintenance phase are presented in Fig. 3C. IFX 
SC 120 mg Q2W had the highest rank (OR, 4.90; 95% CrI, 
1.63–14.1), followed by VDZ IV 300 mg Q4W (OR, 4.31; 
95% CrI, 2.29–8.38), VDZ SC 108 mg Q2W (OR, 4.23; 95% 
CrI, 1.99–9.12), VDZ IV 300 mg Q8W (OR, 3.87; 95% CrI, 
2.39–6.18), IFX IV 10 mg/kg Q8W (OR, 3.53; 95% CrI, 

2.42–5.19), and IFX IV 3.5 mg/kg Q8W (OR, 3.03; 95% CrI, 
1.37–6.88); IFX IV 5 mg/kg Q8W ranked last (OR, 2.87; 
95% CrI, 2.00–4.18).

Rank probabilities for achieving mucosal healing in 
patients with UC are presented in Supplementary Fig. 2C. 
When the interventions were ranked according to the 
SUCRA (Fig. 4C), IFX SC 120 mg Q2W ranked highest 
(SUCRA value, 0.73) and VDZ IV 300 mg Q4W ranked 
second (SUCRA value, 0.70).

Discussion

We conducted meta-analyses to compare multiple IFX and 
VDZ dosage regimens and administration routes in terms of 
clinical remission and endoscopic outcomes during mainte-
nance phase in TNFi-naïve patients with moderate-to-severe 
CD or UC. In patients with CD, all treatments except VDZ 
SC 108 mg Q2W were found to be more effective than pla-
cebo in terms of achieving clinical remission. Across the 
seven treatments evaluated, IFX SC 120 mg Q2W ranked 
first, followed by IFX IV 10 mg/kg Q8W; placebo ranked 
last and VDZ SC 108 mg Q2W ranked second to last. In 

Fig. 2   Evidence network 
diagrams for clinical remission 
in TNFi-naïve patients with 
moderate-to-severe A Crohn’s 
disease or B ulcerative colitis; 
and for C mucosal healing 
in TNFi-naïve patients with 
moderate-to-severe UC. Line 
thickness is weighted accord-
ing to the number of studies 
evaluating each treatment 
regimen (in terms of dosage 
and administration route for 
each biologic). IFX, infliximab; 
IV, intravenous; PBO, placebo; 
QnW, every n weeks; SC, 
subcutaneous; TNFi, tumor 
necrosis factor inhibitor;  
VDZ, vedolizumab
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patients with UC, all treatments were found to be more effec-
tive than placebo in terms of achieving clinical remission 
or mucosal healing. IFX SC 120 mg Q2W ranked first and 
VDZ SC 108 mg Q2W ranked second; as expected, placebo 
ranked last.

Although IFX SC has been developed and used in the 
IBD field in Europe since 2020, only a few studies have 
evaluated its use in terms of comparative effectiveness 
in the context of the whole therapeutic armamentarium. 
While our study does not evaluate IFX SC against all pos-
sible therapeutics, comparative data for various dosage 
regimens and formulations of VDZ could provide insights 
into IFX SC's potential position. VDZ was selected as the 
most clinically relevant comparator for the UC indication 
given its positioning as a first-/early-line biologic for main-
tenance treatment [5], which was based on the observed 
superiority of VDZ over adalimumab for achievement of 

clinical remission and endoscopic improvement in the 
VARSITY study [44]. While ustekinumab could also 
be a logical choice of comparator, ustekinumab is not 
ubiquitously reimbursed as a first-line biologic for UC. 
Likewise, VDZ has been identified as the most frequently 
used first-line biologic behind IFX and adalimumab in CD 
[45], and it was our intention to compare across modes of 
action. Additionally, as is the case for UC, ustekinumab 
is not ubiquitously reimbursed as a first-line biologic for 
the treatment of moderate-to-severe CD. JAK inhibitors 
(e.g., upadacitinib) and S1P receptor modulators were not 
considered in the present NMA due to concerns related to 
the risk of major adverse cardiovascular events, thrombo-
sis, malignancies, and death with JAK inhibitors [46], and 
relatively low uptake of S1P receptor modulators. Moreo-
ver, regarding JAK inhibitors, upadacitinib is approved 
by the FDA to be used after failure of TNFis, which does 

Fig. 3   Clinical remission rates 
during IFX or VDZ mainte-
nance therapy in TNFi-naïve 
patients with moderate-to-
severe A Crohn’s disease or 
B ulcerative colitis; and C 
mucosal healing rates in TNFi-
naïve patients with moderate-
to-severe UC. CI, confidence 
interval; Crl, credible interval; 
IFX, infliximab; IV, intrave-
nous; PBO, placebo; QnW, 
every n weeks; SC, subcuta-
neous; TNFi, tumor necrosis 
factor inhibitor; VDZ, vedoli-
zumab. aOnly responders by the 
end of the induction phase were 
re-randomized and assessed in 
the maintenance phase
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not align with our scope of comparing the first-line ther-
apy. Finally, the focus of the present study on TNF-naïve 
patients was based on the preponderance of data for IFX 
in TNF-naïve patients and a corresponding lack of data in 
TNF-exposed populations.

While CD is a multifactorial disease, with many biologi-
cal players interacting to determine disease course and treat-
ment response, TNF is a principal cytokine driver of the 
underlying pathology [47, 48]. The central role for TNF in 
CD pathogenesis might explain the potentially better per-
formance of IFX IV regimens in CD compared with in UC. 
In the meantime, across indications, the well-documented 
higher stable serum IFX levels achieved with SC dosing [33, 
49] might be more effective for maintenance of treatment 
effect compared with the more variable serum levels associ-
ated with IV dosing. In contrast, the higher peak serum IFX 
levels achieved with IV dosing may be more important for 
induction of response.

Although several systematic reviews and NMAs have 
assessed the efficacy of IFX and VDZ, most do not evalu-
ate individual dosage regimens or different formulations 
(i.e., IV versus SC), nor do they focus on the use of these 
biological agents for maintenance treatment. For example, 
Lasa and colleagues performed an NMA based on data from 
Phase III trials of biologics and small-molecule drugs for 
UC [16]. However, the primary outcome was induction of 
clinical remission and the interventions considered were not 
separated by dosage regimen [16]. Singh et al. conducted a 
systematic review and meta-analysis of biologic therapies 
for moderate-to-severe CD [18]. The results of the analysis 
showed that compared with placebo, IFX had a higher OR 
for maintenance of clinical remission than VDZ. Again, the 
analyses did not consider individual dosage regimens or for-
mulations separately and the analyses were restricted to CD 
[18]. A more recent NMA included comparison of specific 
dosage regimens for all biological therapies and small mol-
ecules that have progressed to Phase III trials for patients 
with luminal CD [50]. For maintenance of clinical remis-
sion, the result of the NMA aligns with our result that IFX 
IV 10 mg/kg Q8W and IFX SC 120 mg Q2W were more 
favorable than VDZ when compared with placebo. However, 
the analyses were limited to CD and only assessed clinical 
outcomes and safety profiles of each drug [50]. Thus, the 
comparative efficacy of SC formulations of IFX and VDZ as 
maintenance treatment for moderate-to-severe CD and UC 
has not been comprehensively explored.

The present body of work builds upon a previous system-
atic review and meta-analysis, which demonstrated superior 
efficacy during induction with IFX versus VDZ, and compa-
rable efficacy during the maintenance phase [18, 50]. How-
ever, IV and SC formulations were not considered separately 
[17] and thus our work represents an addition to the existing 
evidence base. Our findings that IFX SC 120 mg Q2W was 
ranked first for maintenance of clinical remission (in both 
CD and UC) is contrary to a recent consensus opinion piece 
that positioned VDZ over IFX for maintenance of efficacy in 
patients with UC [13]. This discrepancy may have arisen due 
to the IV and SC formulations for each agent having been 
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Fig. 4   Summary of SUCRA values for clinical remission dur-
ing maintenance therapy with IFX or VDZ in TNFi-naïve patients 
with moderate-to-severe A Crohn’s disease or B ulcerative colitis; 
and C for mucosal healing during maintenance therapy with IFX 
or VDZ in TNFi-naïve patients with moderate-to-severe ulcera-
tive colitis. Higher scores correspond to higher ranking for achiev-
ing clinical remission. CD, Crohn’s disease; IFX, infliximab; IV, 
intravenous; NA, not available; PBO, placebo; QnW, every n weeks; 
SC, subcutaneous; SUCRA, surface under the cumulative ranking 
curve; TNFi,  tumor necrosis factor inhibitor; UC, ulcerative colitis;  
VDZ, vedolizumab. aOnly responders by the end of the induction 
phase were re-randomized and assessed in the maintenance phase. 
bNo studies evaluating IFX IV 3.5 mg/kg Q8W in patients with CD 
were identified
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grouped together, reinforcing the importance of consider-
ing formulations and dosage regimens separately, as herein.

The present findings that IFX SC 120 mg Q2W showed 
favorable efficacy over VDZ are all the more remarkable 
given that the included studies for VDZ selectively re-rand-
omized responders at the end of the induction phase [34, 36, 
37, 41–43]. Notably, a statistically significant difference in 
response to induction with VDZ compared with placebo was 
not observed in all of the VDZ studies. For example, while 
a statistically significant difference in response rate favoring 
VDZ over placebo was observed at Week 6 in the GEMINI 
1 study [41], the Phase III RCT in Japanese patients failed 
to show a statistically significant between-group difference 
in clinical response rates following induction with VDZ or 
placebo [42]. IFX studies have generally used a treat-through 
design in which both responders and non-responders in 
induction phase were randomized to interventions. Indeed, 
only one IFX study, ACCENT I, evaluated clinical remission 
during the maintenance phase in Week 2 responders only 
[29], while in the pivotal study of IFX SC, both responders 
and non-responders were randomized for maintenance treat-
ment (with Week 6 response used as a stratification factor) 
[30]. Given that initial responses to IFX or VDZ therapies 
may predict long-term responses (i.e., outcomes during the 
maintenance phase) [51, 52], a greater difference in com-
parative efficacy of IFX IV and SC versus VDZ might be 
expected if the comparison was conducted using the same 
study design. Nevertheless, despite the difference in patient 
population during maintenance phase between IFX and VDZ 
studies causing a potential source of bias, IFX SC 120 mg 
Q2W ranked higher than VDZ regimens for the achieve-
ment of clinical remission in both patient populations (CD 
and UC).

To our knowledge, this is the first study to compare endo-
scopic outcomes with IFX and VDZ for both IV and SC 
formulations of each agent using meta-analyses. For CD, ret-
rospective studies or post hoc analyses were previously the 
main source of information on comparative endoscopic effi-
cacy with IFX and VDZ. For example, the EVOLVE study 
suggested comparable efficacy between IFX and VDZ IV 
over a 24-month period [53], while a recent post hoc analy-
sis using patient-level data from IFX and VDZ IV studies 
suggested better efficacy with IFX IV compared with VDZ 
IV for achieving one-year endoscopic healing [54]. In the 
present analyses, heterogeneity among studies in terms of 
outcome definitions, limited sample sizes, and absence of 
common interventions among studies hindered comparative 
evaluation of endoscopic outcomes using NMA. With the 
caveat that the following interpretation should be regarded 
with caution given the narrative comparison and hetero-
geneity among treatments, the proportional meta-analyses 
were conducted in an attempt to provide initial evidence of 
comparative efficacy of IFX and VDZ regimens in terms 

of endoscopic outcomes. The pooled proportions implied 
potentially better efficacy of IFX SC than IFX IV.

For UC, multiple NMAs have previously compared endo-
scopic outcomes (e.g., mucosal healing) with IFX and VDZ 
[51–58]. A series of NMAs by Vickers et al. [55], Trigo-
Vincente et al. [56], and Lu et al. [57], and meta-analyses 
by Cholapranee et al. [58], offered consistent findings, col-
lectively suggesting that VDZ IV might possess a higher 
mucosal healing rate compared with IFX IV. This also aligns 
with the findings of our NMA, which also found VDZ IV 
to have a numerically higher OR compared with IFX IV. 
Moreover, in addition to confirming previous findings, our 
study provides further insights by demonstrating the relative 
performance of the Sc forms of each drug, IFX SC and VDZ 
SC, consistently demonstrating a high position for IFX SC 
in terms of clinical remission and mucosal healing rates in 
patients with UC.

Regarding other endoscopic outcomes such as endoscopic 
remission or response, RCTs included in our analysis did 
not provide the necessary data to make analyses feasible. 
Although limited, previous studies have compared IFX IV 
and VDZ IV regarding such outcomes. A post hoc analysis 
using individual patient data suggested better efficacy with 
IFX IV in achieving both one-year endoscopic improve-
ment and endoscopic remission compared with VDZ IV 
[59], while a retrospective cohort study by Pabla and col-
leagues showed that VDZ was associated with higher rates 
of endoscopic remission and response compared with anti-
TNF agents [60]. With the growing importance of endo-
scopic efficacy, further studies are required to confirm these 
findings.

Strengths of our study include the comprehensive search 
strategies and assessment of the risk of bias, which used val-
idated methodology [20–22]. In addition, the primary out-
come of clinical remission can be considered an important 
outcome for patients and, as such, is the main endpoint from 
a regulatory perspective [61–64]. Therefore, the findings of 
the present NMA can be considered clinically relevant and 
of interest to both patients and clinicians and may inform 
first-line biologic treatment of moderate-to-severe disease. 
Other strengths include the well-defined study population 
(TNFi-naïve) and the comparison strategy which, as dis-
cussed above, includes multiple dosage regimens and for-
mulations, with results for IV and SC formulations reported 
separately.

Although the rationale for restricting the analyses to 
include only IFX and VDZ has been discussed, this focus 
also represents a potential limitation. Given the rapidly 
expanding number of therapeutic options available for CD 
and UC, direct comparisons are warranted, while future indi-
rect comparisons should include a broader range of thera-
pies, with careful evaluation of different dosage regimens 
and formulations to address the lack of direct evidence. 
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Other limitations include variability among the included 
studies regarding the timepoint for the efficacy evaluation, 
and variability with respect to re-randomization according 
to induction response, as potential sources of bias. In addi-
tion, the included studies were conducted over an approxi-
mately 20-year period (since 1999 for ACCENT I study 
on CD), during which time the diagnostic and treatment 
landscape has evolved substantially. This disparity in time 
period is further compounded by the fact that, for exam-
ple, the terms used to assess endoscopic improvement in 
CD have changed over time, making it difficult to analyze 
them together. Hence, given the temporal heterogeneity, 
the interpretation of indirect comparison should be made 
with caution. Another point to consider is that we drew the 
current conclusion mainly based on the point estimates of 
relative effect size of each comparator—given the width of 
CrIs, especially for IFX SC due to relatively small size of its 
reference study, potential uncertainty should be considered 
in parallel and future studies are warranted of larger size 
with additional data to further confirm the current findings. 
In addition, no safety outcomes were considered for this 
analysis, which may limit the understanding of clinical util-
ity. However, IFX and VDZ have established safety profiles 
and have previously been shown to be well tolerated in CD 
and UC populations.

Conclusions

Within the limitations of indirect comparisons, IFX SC 
showed a favorable efficacy profile for achieving clinical 
remission during maintenance treatment in TNFi-naïve 
patients with CD or UC when compared with IFX IV or 
VDZ IV/SC dosage regimens evaluated. IFX SC also 
showed favorable efficacy for achieving mucosal healing in 
TNFi-naïve patients with UC, while additional studies are 
required to further determine comparative endoscopic effi-
cacy in patients with CD.
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