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BACKGROUND & AIMS:
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Safety is a key consideration when choosing advanced therapies (biologic agents and oral small-
molecule inhibitors/modulators) in patients with inflammatory bowel diseases (IBDs). We
performed a systematic review and meta-analysis comparing the risk of serious infections with
advanced therapies in active comparator studies.
METHODS:
 Through a systematic search until February 28, 2022, we included 20 head-to-head studies
comparing risk of serious infections with tumor necrosis factor a (TNFa) antagonists, vedoli-
zumab, ustekinumab, tofacitinib, filgotinib, and ozanimod in patients with IBD. We performed
random-effects meta-analysis comparing different advanced therapies.
hip.

r: CD, Crohn’s disease; HR, hazard ratio;
ase; IMM, immunomodulator; IQR, inter-
RCT, randomized controlled trial; TNFa,

cerative colitis.
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RESULTS:
 No significant difference was observed in the risk of serious infections between vedolizumab vs
TNFa antagonists in all patients with IBD (17 cohorts: odds ratio [OR], 0.84; 95% CI, 0.68–1.04),
with moderate heterogeneity (I2 [ 37%); on subgroup analysis, vedolizumab was associated
with a lower risk of serious infections in patients with ulcerative colitis (11 cohorts: OR, 0.68;
95% CI, 0.56–0.83; I2 [ 0%), but not in Crohn’s disease (CD) (9 cohorts: OR, 1.03; 95% CI, 0.78–
1.35; I2 [ 42%). Age, sex, prior biologic exposure, and use of biologic monotherapy did not
influence this association. In patients with CD, ustekinumab was associated with a lower risk of
serious infections vs TNFa antagonists (3 cohorts: OR, 0.49; 95% CI, 0.25–0.93; I2 [ 16%) and
vs vedolizumab (3 cohorts: OR, 0.40; 95% CI, 0.17–0.93; I2 [ 67%). Few studies compared other
advanced therapies.
CONCLUSIONS:
 Vedolizumab may offer net benefit over TNFa antagonists in patients with ulcerative colitis, but
not in CD. Ustekinumab may offer net benefit over TNFa antagonists and vedolizumab in pa-
tients with CD.
Keywords: Biologics; Risk-Benefit; Comparative; Propensity Score.
Over the past decade, the therapeutic armamen-
tarium for the medical management of patients

with moderate-to-severe inflammatory bowel diseases
(IBDs) has expanded substantially.1 Optimal positioning
of these novel advanced immunosuppressive therapies
requires a careful integration of the medication’s effec-
tiveness and safety, in the context of an individual pa-
tient’s risk of disease- and treatment-related
complications. Although recent head-to-head trials,
network meta-analyses, and observational studies have
examined the comparative effectiveness of different ther-
apies for the management of patients with IBD,2–6 there
has been limited comparative assessment of the risk of
serious infections with different advanced therapies
including tumor necrosis factor a (TNF-a) antagonists,
non–TNF-targeting biologic agents and oral small-
molecule inhibitors/modulators such as Janus kinase in-
hibitors and sphingosphine 1–phosphate receptor modu-
lators. In a prior systematic review, we systematically
synthesized the comparative risk of serious infections
with TNFa antagonists alone vs in combination with im-
munomodulators (IMMs) vs IMM monotherapy.7 Besides
identifying a higher risk of serious infections with TNFa
antagonists vs IMM monotherapy, and a modestly higher
risk with combination therapy vs TNFa antagonist mono-
therapy, we identified the lack of real-world comparative
safety studies of novel non–TNF-targeting biologics as a
key knowledge gap.7–9

Hence, we conducted a systematic review and meta-
analysis focusing on comparing the risk of serious in-
fections with novel advanced therapies such as
non–TNF-targeting biologic agents and oral small-
molecule inhibitors/modulators vs established TNFa
antagonists. By focusing on head-to-head comparative
studies, using TNFa antagonists as a common reference,
we sought to minimize conceptual heterogeneity across
studies to more optimally inform evidence. These data,
combined with evidence on comparative effectiveness of
therapies, can inform the net benefit of different
advanced therapies in IBD.
Methods

This systematic review is reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement and was conducted following a
priori established protocol (available upon request).10

Selection Criteria

We included randomized controlled trials (RCTs) and
cohort studies that met the following inclusion criteria:
(1) patients: adult patients with IBD; (2) intervention:
treatment with approved advanced therapies (TNFa
antagonists, vedolizumab, ustekinumab, tofacitinib, fil-
gotinib, or ozanimod); (3) comparator: alternative
advanced therapies; (4) outcome: risk of serious in-
fections; and (5) study design: only head-to-head or
active comparator studies.

We excluded the following: (1) noncomparative
studies (in which infection risk was reported in patients
exposed vs not exposed to the medication of interest);
(2) studies in which the comparator group included only
mesalamine-treated patients (to avoid confounding by
disease severity and focus analyses on patients with
moderate–severe disease ) or conventional IMMs (thio-
purines and/or methotrexate) (because this was evalu-
ated in our prior systematic review)7; (3) studies
reporting the risk of any infection or opportunistic in-
fections that did not meet the definition of serious in-
fections, or those that focused only on specific infections
(such as pneumonia or Clostridiodes difficile); and (4)
studies performed in patients who did not have IBD.

Data Sources, Search Strategy, and Study
Selection

We conducted a systematic literature search of mul-
tiple databases between March 18, 2018 (date of prior
systematic review), and February 28, 2022. The



What You Need to Know

Background
Safety is a key consideration when choosing
advanced therapies (biologic agents and oral small-
molecule inhibitors/modulators) in patients with
inflammatory bowel disease. However, there are
limited data on the comparative safety of therapies.

Findings
On meta-analysis of 20 head-to-head studies,
compared with tumor necrosis factor a (TNFa) an-
tagonists, vedolizumab was associated with a lower
risk of serious infections in patients with ulcerative
colitis, but not in patients with Crohn’s disease.
Ustekinumab is associated with a lower risk of
serious infections compared with TNFa antagonists
and with vedolizumab in patients with Crohn’s
disease.

Implications for patient care
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databases included Ovid Medline, Ovid EMBASE, and
Web of Science. Controlled vocabulary supplemented
with keywords was used to search for studies reporting
the infection risk in patients with IBD. Two authors (V.S.
and A.F.) independently reviewed the title and abstract
of studies identified in the search to exclude studies that
did not answer the research question of interest, based
on prespecified inclusion and exclusion criteria. The full
text of the remaining articles was reviewed indepen-
dently to determine whether it contained relevant in-
formation. We carried forward relevant studies from
prior systematic review. Next, we manually searched the
bibliographies of the selected articles, as well as review
articles on the topic for additional articles. In addition,
we searched clinical trial registries (www.clinicaltrials.
gov and www.clinicaltrialsregister.eu), and abstracts
from conference proceedings between 2018 and 2022
(Digestive Diseases Week, American College of Gastro-
enterology annual meeting, and European Crohn’s and
Colitis Organization annual meeting) for additional
studies.
Vedolizumab may offer net benefit over TNFa an-
tagonists in patients with ulcerative colitis, but not in
Crohn’s disease. Ustekinumab may offer net benefit
over TNFa antagonists and vedolizumab in patients
with Crohn’s disease.
Data Abstraction and Risk of Bias Assessment

After study selection, 2 authors (V.S. and A.F.) inde-
pendently abstracted data on study and patient charac-
teristics, exposure variables, outcomes, confounding
variables, and statistical analyses, using a standardized
data abstraction form. The following data were collected
from each study: (1) study characteristics: primary
author, time period of study including the period of
recruitment and follow-up evaluation/year of publica-
tion, country of origin, study design (RCT vs cohort
studies, clinical registries vs administrative claims-based
vs medical record review, prospective vs retrospective),
study duration (timing of outcome assessment), and
factors pertinent to risk of bias assessment; (2) patient
characteristics: age, sex, smoking status, comorbidities,
prior infections and/or treatment with antibiotics,
disease characteristics (severity, phenotype, duration,
and so forth), concomitant medications (corticoste-
roids, IMM); (3) exposure characteristics: classification
of medication exposures, timing of occurrence of event
in relation to exposure, and how medication exposures,
outcome, and covariates were ascertained; (4) out-
comes studied: type and definition of serious infections
and incident events; (5) potential confounding vari-
ables accounted for in analysis including IBD disease
activity (objectively or via surrogates), disease dura-
tion, infection risk factors including prior infections,
and use of IBD-related and other medications; and (6)
statistical approach: unadjusted and adjusted hazard
ratio (HR), relative risk, or odds ratio (OR) and 95%
CIs, incidence rate of events in each exposure group,
and methods to control for bias including use of pro-
pensity score methods and inclusion of time-varying
covariates.
Risk of bias for cohort studies was assessed by 2 in-
vestigators (V.S. and A.F.) independently, using the
Newcastle–Ottawa Scale.11 In this scale, studies were
scored across 3 categories: selection (4 questions),
comparability of study groups (1 question), of study
groups, and ascertainment of the outcome of interest (3
questions), and all questions had a score of 1. Risk of bias
of RCTs was assessed using the Cochrane risk-of-bias
tool.

Outcomes Assessed

The primary outcome of interest was risk of serious
infections, generally defined as infection requiring hos-
pitalization, need for antibiotics, requiring cessation of
immunosuppressive therapy, and/or causing death; in
case of RCTs, this was defined based on the Medical
Dictionary for Regulatory Activities. Different advanced
therapies were compared with each other. Based on
available data, key comparisons were vedolizumab vs
TNFa antagonists, ustekinumab vs TNFa antagonists,
vedolizumab vs ustekinumab, and tofacitinib vs all other
advanced therapies. For these comparisons, all TNFa
antagonists were grouped together.

To evaluate the stability of the association between
different medication exposures and risk of serious in-
fections, and to examine potential sources of heteroge-
neity, we performed several a priori subgroup analyses
for comparisons informed by 3 or more studies, based on
the following: IBD phenotype (Crohn’s disease [CD] vs

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrialsregister.eu
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ulcerative colitis [UC]), age (younger vs older patients,
>50–65 years at time of biologic initiation), sex (male vs
female), prior exposure to biologics, prior serious in-
fections in preceding 1-year baseline, study design
(claims-based analysis vs RCTs vs medical record re-
view); and analysis approach (multivariable or pro-
pensity score–based analysis vs only univariable
analysis). We also performed a sensitivity analysis based
on patients on biologic monotherapy or excluding
gastrointestinal serious infections (which may be more
disease-related rather than treatment-related). We a
priori hypothesized that the risk of serious infections
may be driven by treatment effectiveness such that
vedolizumab may be more effective than TNFa antago-
nists in patients with UC, but not in patients with CD, and
that ustekinumab may be more effective than TNFa an-
tagonists and vedolizumab in patients with CD.

Statistical Analysis

We used the random-effects model described by Der-
Simonian and Laird12 to calculate summary OR and 95%
CIs. Maximally adjusted risk estimates were used for
analysis to account for confounding variables. To estimate
what proportion of total variation across studies was
owing to heterogeneity rather than chance, an I2 statistic
was calculated.13 An I2 value of<30%, 30% to 60%, 60%
to 75%, and >75% were suggestive of low, moderate,
substantial, and considerable heterogeneity, respectively.
Between-study sources of heterogeneity were investi-
gated using subgroup analyses by stratifying original es-
timates according to study characteristics (as described
earlier). In this analysis, a P value for differences between
subgroups of less than .05 was considered statistically
significant. We also performed univariable meta-
regression based on study-level continuous variables
when subgroup analysis was not feasible. Publication bias
was assessed qualitatively using funnel plots when more
than 10 studies were identified for a comparison, and
using the Egger regression coefficient.14 All analyses were
performed using Comprehensive Meta-Analysis version
2.0 (Biostat, Inc, Englewood, NJ).

Results

Updating our prior search, an additional 4278 unique
studies were identified, of which full text of 24 studies
was reviewed in detail. Seventeen published studies
were included2,3,15–29; in addition, data from 3 unpub-
lished cohorts from the investigator team also were
included.30–32 Hence, data from 20 comparative studies
was used for quantitative synthesis (2 RCTs, 18 cohort
studies). Of these, 17 cohorts compared the risk of
serious infections between vedolizumab vs TNFa
antagonists,2,15,18,19,21–32 5 cohorts compared ustekinu-
mab vs TNFa antagonists,2,20,22,30,31 and vedolizumab vs
ustekinumab,16,17,22,30,31 and 1 cohort compared
tofacitinib vs TNFa antagonists.20 We did not identify
any comparative study of ozanimod or filgotinib.
Supplementary Figure 1 shows the study selection
flowsheet.

Table 1 shows the study-level characteristics of
included studies. Nine cohort studies were conducted in
North America, 7 in Europe, and others were multicenter
transcontinental studies. Most studies were designed as
retrospective cohort studies, whereas 2 were RCTs and 1
was a prospective cohort study. All studies had a new-user
design, implying there was at least a baseline 6- to 12-
month time period without receipt of the index biologic;
prevalent users were excluded from analysis. Of the
cohort studies, 6 studies relied on administrative claims
for exposure and outcome ascertainment, and 10 studies
relied on medical chart review; 2 cohorts were based on
electronic health record–based registry using medication
prescriptions and hospitalizations for infections using
common data models. Twelve observational studies per-
formed propensity score–based analysis, and 1 reported
multivariable analysis; 5 observational studies reported
only the unadjusted risk of serious infections with
different advanced therapies. The minimum median
follow-up evaluation across included studies was 7
months after drug initiation; in 15 studies, the median
follow-up evaluation was�12 months. The overall risk of
serious infections (median, interquartile range [IQR]) in
patients with IBD treated with TNFa antagonists, vedoli-
zumab, ustekinumab, and tofacitinib was 6.7 (IQR,
2.7–8.9), 4.2 (IQR, 2.3–7.1), 4.3 (IQR, 3.1–5.6), and 5.6 per
100 patients, respectively.

Table 2 shows the baseline characteristics of patients
in each intervention arm in the studies. Four studies
were conducted exclusively in older adults. Five studies
focused only on patients with CD, and 4 studies focused
only on patients with UC. Patient characteristics gener-
ally were similar in both treatment arms, particularly in
propensity score–matched cohorts. Supplementary
Table 1 shows the risk of bias assessment for cohort
studies. Overall, these studies were at low–moderate risk
of bias. Both RCTs, VARSITY (An Efficacy and Safety
Study of Vedolizumab Intravenous [IV] Compared to
Adalimumab Subcutaneous [SC] in Participants With
Ulcerative Colitis) and SEAVUE (Safety and Efficacy of
Adalimumab Versus Ustekinumab for One Year), were
rated as low risk of bias.2,3
Vedolizumab Vs Tumor Necrosis Factor a
Antagonists

On meta-analysis of 17 cohorts of patients with IBD,
there was no significant difference in the risk of serious
infections between vedolizumab (n ¼ 14,207 patients) vs
TNFa antagonists (n ¼ 37,389 patients) (OR, 0.84; 95%
CI, 0.68–1.04), with moderate heterogeneity (I2 ¼ 37%)
(Figure 1). On subgroup analysis by disease phenotype,
vedolizumab was associated with a 32% lower risk of



Table 1. Characteristics of Included Studies

Study; disease
Geographic
location, sites

Study time
period, follow-up

period, mo
Exposure/outcome

ascertainment

Comparisons
(patients in

each group, n)
Definition of se us

infections

Patients with
infections
(in each

exposure), n Analysis approach

Randomized controlled trials

Sands et al et al,2 2019
(VARSITY); UC

Global; multicenter 2015–2019; 12 Case report form TNF (ADA) (386)
vs VDZ (385)

Coded according
MedDRA 21.1

TNF, 8
VDZ, 7

Incidence rates

Irving,3 2021 (SEAVUE); CD Global; multicenter 2018–2021; 12 Case report form TNF (ADA) (195)
vs UST (191)

Coded according
MedDRA 21.1

TNF, 5
UST, 4

Incidence rates

Cohort studies

Adar et al,15 2019; IBD United States;
single center

NR; 12 Medical record review TNF (131) vs
VDZ (105)

Requiring
hospitalization
antibiotics, or
cessation/
interruption of M

TNF, 24
VDZ, 17

Incidence rates; PS
adjusted

Alric et al,16 2020; CD France; multicenter 2014–2018; 11 Medical record review VDZ (132) vs
UST (107)

Not defined VDZ, 14
UST, 6

Incidence rates; PS
weighted

Biemans et al,17 2020; CD The Netherlands;
multicenter

NR; 12–24 Medical record review VDZ (128) vs
UST (85)

Requiring
hospitalization r
IV antibiotics/
antiviral medic ion

VDZ, 3
UST, 5

Incidence rates; PS
matched

Bohm et al,18 2020; CD United States,
Canada;
multicenter

2014–2017; 17 Medical record review TNF (607) vs
VDZ (659)

Requiring
hospitalization
antibiotics, or
cessation of T

TNF, 47
VDZ, 47

Incidence rates; PS
weighted

Bressler et al,19 2021; IBD United States,
Canada, Greece;
multicenter

2014–2017; 24 Medical record review TNF (497) vs
VDZ (598)

NR TNF, 21
VDZ, 16

Cox PH

Cheng et al,20 2022; IBD United States;
multicenter

2008–2019; 7 Administrative claims UST (2420) vs
tofacitinib
(305) vs TNF
(19096)

Requiring
hospitalization

UST, 105
Tofacitinib, 17
TNF, 1407

Cox PH; PS adjusted
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Table 1.Continued

Study; disease
Geographic
location, sites

Study time
period, follow-up

period, mo
Exposure/outcome

ascertainment

Comparisons
(patients in

each group, n)
Definition of serious

infections

Patients with
infections
(in each

exposure), n Analysis approach

Hupe et al,21 2020; UC France; multicenter 2009–2018; 26 Medical record review TNF (154) vs
VDZ (71)

Requiring
hospitalization,
antibiotics, or
cessation of TIM or
death

TNF, 3
VDZ, 0

Cox PH; PS adjusted

Innocenti et al,22 2021; IBD Italy; single center 2013–2019; 24 Medical record review TNF (447) vs
VDZ (85) vs
UST (28)

Requiring
hospitalization, IV
antibiotics, or death

TNF, 12
VDZ, 1
UST, 1

Incidence rates

Kirchgesner et al,23 2022; IBD United States,
France;
multicenter

2002–2018; 13 Administrative claims TNF (26,656) vs VDZ
(8768)

Requiring
hospitalization

TNF, 724
VDZ, 169

Cox PH; PS matched

Kochar et al,24 2022; IBD United States;
multicenter

2014–2017; NR Administrative claims TNF (1152) vs VDZ
(480)

Requiring
hospitalization

Incidence rate per
100 person-
years:

IFX, 5
VDZ, 3

Cox PH; PS-adjusted

Lukin et al,25 2022; UC United States,
Canada;
multicenter

2014–2017; 11 Medical record review TNF (268) vs
VDZ (454)

Requiring
hospitalization,
antibiotics, or
cessation of TIM or
death

TNF, 27
VDZ, 21

Cox PH; PS adjusted

Moens et al,26 2021; IBD Belgium; single
center

2015–2019; 12 Medical record review TNF (99) vs
VDZ (96)

Requiring
hospitalization or
change in TIM

TNF, 2
VDZ, 5

Incidence rates

Pabla et al,27 2021; IBD United States;
single center

2005–2019; 15 Medical record review TNF (104) vs
VDZ (108)

Requiring
hospitalization or
cessation of TIM

TNF, 16
VDZ, 11

Incidence rates

Rundquist et al,28 2020; IBD Sweden; multicenter 2014–2016; 12 Medical record review TNF (200) vs
VDZ (200)

Requiring
hospitalization

TNF, 20
VDZ, 13

Cox PH; PS matched

Singh et al,29 OptumLabs
2022; IBD

United States;
multicenter

2014–2018; 14 Administrative claims TNF (4881) vs VDZ
(1106)

Requiring
hospitalization

TNF, 435
VDZ, 85

Cox PH; Marginal
structural models

Singh et al,32 Denmark
2022; IBD

Denmark;
nationwide

2005–2018; 8 Administrative claims TNF (377) vs
VDZ (377)

Requiring
hospitalization

TNF, 24
VDZ, 26

Cox PH; PS matched
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serious infections compared with TNFa antagonists in
patients with UC (11 cohorts; OR, 0.68; 95% CI,
0.56–0.83) with minimal heterogeneity (I2 ¼ 0%), but
not in patients with CD (9 cohorts; OR, 1.03; 95% CI,
0.78–1.35) with moderate heterogeneity (I2 ¼ 42%) (P
value for difference in subgroups ¼ .02) (Figure 2).

There was no significant difference in the risk of
serious infections between vedolizumab vs TNFa antag-
onists in older adults (6 cohorts; OR, 0.81; 95% CI,
0.56–1.16; I2 ¼ 0%). When limiting the analysis to pa-
tients treated with biologic monotherapy, no differences
were observed in the risk of serious infections (3 co-
horts; OR, 0.75; 95% CI, 0.44–1.30). Similarly, when
excluding serious infections of gastrointestinal origin
(which may presumptively be disease-related), no sig-
nificant differences were observed between vedolizumab
vs TNFa antagonists (3 cohorts; OR, 0.68; 95% CI,
0.43–1.07). Overall findings were stable on subgroup
analysis by age, sex, prior TNFa antagonist exposure,
prior serious infections, or approach to analysis
(Table 3). On meta-regression, disease duration (P ¼
.25), concomitant IMM (P ¼ .30), and concomitant
corticosteroid use (P ¼ .58) did not influence the asso-
ciation. We did not observe any evidence of publication
bias (Egger regression coefficient, P ¼ .21).

Ustekinumab Vs Tumor Necrosis Factor a
Antagonists

On meta-analysis of 5 cohorts, there was no significant
difference in the risk of serious infections between uste-
kinumab (n ¼ 2924 patients) vs TNFa antagonists (n ¼
20,308) (OR, 0.63; 95% CI, 0.38–1.05) with moderate
heterogeneity (I2 ¼ 50%) (Figure 3). On subgroup anal-
ysis by disease phenotype, ustekinumab was associated
with a 51% lower risk of serious infections comparedwith
TNFa antagonists in patients with CD (3 cohorts; OR, 0.49;
95% CI, 0.25–0.93) with minimal heterogeneity (I2 ¼
16%). In 1 study using the Medicare database, although
results were not stratified by disease phenotype, 85% of
patients treated with ustekinumab had CD. In this study,
ustekinumab was associated with a lower risk of all in-
fections compared with TNFa antagonists (HR, 0.93; 95%
CI, 0.86–0.99), with a similar trendwhen limited to serious
infections (HR, 0.84; 95% CI, 0.66–1.03). A single study
reported no significant difference in the risk of serious
infections between ustekinumab vs TNFa antagonists in
patients with UC, although in this study ustekinumab was
used off-label before regulatory approval for UC (HR, 0.44;
95% CI, 0.09–2.08). The number of studies was limited
and did not provide sufficient data for additional subgroup
analysis or meta-regression.

Vedolizumab Vs Ustekinumab

On meta-analysis of 5 cohorts, there was no signifi-
cant difference in the risk of serious infections between



Table 2. Characteristics of Patients Participating in the Included Studies

Study Exposure Patients, n

Age, y, mean �
SD, or median

(range) Females, % CD, %
Disease duration,

mean, SD
Concomitant
steroids, %

Concomitant
IMM, %

Prior biologic
exposure, %

DM/COPD,
%

Sands et al,2 2019
(VARSITY)

TNF 385 41 � 13 44 0 6.4 � 6.0 36 26 21 NR
VDZ 383 41 � 14 39 0 7.3 � 7.2 36 26 21 NR

Irving et al,3 2021
(SEAVUE)

TNF 195 NR NR 100 2.6 NR NR NR NR
UST 191 NR NR 100 2.6 NR NR NR NR

Adar et al,15 2019 TNF 131 68 � 6 42 52 13 � 15 60 21 14 NR
VDZ 103 68 � 6 42 50 16 � 14 70 23 60 NR

Alric et al,16 2020 VDZ 132 40 � 15 55 100 12.2 (6.2–16.7) 49 42 72 NR
UST 107 40 � 15 51 100 10.7 (6.4–18.9) 28 23 54 NR

Biemans et al,17 2021 VDZ 128 37 (27–51) 66 100 11.0 (6.4–18.1) 31 19 100 NR
UST 85 39 (29–52) 60 100 15.3 (8.4–21.9) 12 24 100 NR

Bohm et al,18 2020 TNF 607 36 � 15 47 100 3–6 27 46 52 NR
VDZ 659 40 � 15 58 100 12 � 13 46 41 91 NR

Bressler et al,19 2022 TNF 497 CD, 40 � 15
UC, 40 � 16

CD, 49 UC, 51 55 �5 y, %
CD, 36
UC, 29

CD, 13 UC, 35 NR NR NR

VDZ 598 CD, 52 � 17
UC, 46 � 17

CD, 48 UC, 41 36 �5 y, %
CD, 53
UC, 51

CD, 15 UC, 31 NR NR NR

Cheng et al,20 2022 TNF 19096 39 � 17 51 61 1.9 � 2.1 NR NR 1 NR
UST 2420 42 � 15 57 86 2.7 � 2.8 NR NR 30 NR

Tofacitinib 305 44 � 16 56 18 2.8 � 2.7 NR NR 36 NR

Hupe et al,21 2020 TNF 154 43 � 17 36 0 6.4 � 7.4 49 58 NR NR
VDZ 71 43 � 17.3 52 0 9.1 � 8.7 44 16 NR NR

Innocenti et al,22 2021 TNF 447 28 (21–41) 47 60 �10 y, %: 62% NR 23 63 NR
VDZ 85 43 (27–57) 37 45 �10 y, %: 63% NR 18 77 NR
UST 28 27 (19–35) 54 100 �10 y, %: 75% NR 7 96 NR

Kirchgesner et al,23

2022
TNF 26,656 TNF-exposed, 41 �

14; 41 � 15; 41 �
14

TNF-naive, 43 � 15; 47
� 17

TNF-exposed, 54;
TNF-naive, 51

53 NR NR NR 44 8/17

VDZ 8768 TNF-exposed, 41 �
14; 43 � 16; 41 �

15
TNF-naïve, 43 � 15; 48

� 18

TNF-exposed, 53;
TNF-naïve, 51

52 NR NR NR 50 8/18
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Table 2.Continued

Study Exposure Patients, n

Age, y, mean �
SD, or median

(range) Females, % CD, %
Disease duration,

mean, SD
Concomitant
steroids, %

Concomitant
IMM, %

Prior biologic
exposure, %

DM/COPD,
%

Kochar et al,24 2022 TNF 1152 71 (68–76) 59 54 NR 38 18 NR NR
VDZ 480 71 (68–76) 55 57 NR 30 16 NR NR

Lukin et al,25 2022 TNF 268 38 � 16 53 0 3–6 (6–11) 54 43 39 NR
VDZ 454 42 � 17 50 0 6 � 11 54 33 69 NR

Moens et al,26 2021 TNF 99 CD, 31 (24–47); UC,
36 (28–48)

CD, 53
UC, 52

55 CD, 3 (0–17); UC, 4 (1–8) CD, 17 UC, 13 CD, 11 UC, 15 NR NR

VDZ 96 CD, 43 (27–57); UC,
41 (28–56)

CD, 48
UC, 60

34 CD, 4 (1–11); UC, 5 (1–11) CD, 21 UC, 19 CD, 6 UC, 6 NR NR

Pabla et al,27 2021 TNF 104 66 (63–70) 53 67 10 (2–25) NR NR NR NR
VDZ 108 68 (64–72) 48 57 16 (5–30) NR NR NR NR

Rundquist et al,28 2020 TNF 200 CD, 42 (27–55); UC,
34 (26–44)

CD, 50
UC, 39

50 CD, 10 (3–18); UC, 7 (3–14) CD, 50 UC, 48 CD, 17 UC, 30 NR NR

VDZ 200 CD, 45 (32–54); UC,
35 (25–48)

CD, 47
UC, 37

50 CD, 10 (422); UC, 6 (212) CD, 40 UC, 52 CD, 20 UC, 30 NR NR

Singh et al,29

OptumLabs 2022
TNF 4881 41 � 15 48 60 NR NR NR NR 9/13
VDZ 1106 44 � 16 52 39 NR NR NR NR 13/13

Singh et al,31 Denmark
2022

TNF 377 >50 y ¼ 100% 55 48 NR 21 13 71 NR
VDZ 377 >50 y ¼ 100% 54 47 NR 32 7 71 NR

Singh et al,30 CA-IBD,
2022

TNF 1030 44 � 16 55 100 NR 34 25 23 NR
UST 515 42 � 16 54 100 NR 34 27 44 NR
VDZ 221 41 � 19 57 100 NR 46 25 38 NR

Singh et al,31 CA-IBD,
2022

TNF 400 40 � 16 50 0 NR 34 25 22 NR
VDZ 200 41 � 19 48 0 NR 32 24 35 NR
UST 64 42 � 17 50 0 NR 33 31 42 NR

CA-IBD, California IBD cohort; CD, Crohn’s disease; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; IMM, immunomodulator; NR, not reported; SEAVUE, Safety and Efficacy of Adalimumab Versus
Ustekinumab for One Year; TNF, tumor necrosis factor a antagonists; UC, ulcerative colitis; UST, ustekinumab; VARSITY, An Efficacy and Safety Study of Vedolizumab Intravenous [IV] Compared to Adalimumab Subcutaneous
[SC] in Participants With Ulcerative Colitis; VDZ, vedolizumab.
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vedolizumab (n ¼ 694 patients) vs ustekinumab (n ¼
726 patients) (OR, 1.96; 95% CI, 0.92–1.14) with mod-
erate heterogeneity (I2 ¼ 50%) (Supplementary
Figure 2). On subgroup analysis by disease phenotype,
vedolizumab was associated with a 2.5 times higher risk
of serious infections compared with ustekinumab in pa-
tients with CD (3 cohorts; OR, 2.50; 95% CI, 1.07–5.83)
with considerable heterogeneity (I2 ¼ 67%). A single
study reported no significant difference in the risk of
serious infections between vedolizumab vs ustekinumab
in patients with UC, although in this study ustekinumab
was used off-label before regulatory approval for UC (HR,
1.00; 95% CI, 0.18–5.55). The number of studies was
limited and did not provide sufficient data for additional
subgroup analysis or meta-regression.

Other Advanced Therapies

We identified only 1 study comparing the risk of
serious infections between tofacitinib vs TNFa antago-
nists. In this study, using a US health insurance database,
Cheng et al20 compared 305 patients with IBD treated
with tofacitinib vs 19,096 patients treated with TNFa
antagonists. Using Cox proportional hazard analysis,
there was no significant difference in the risk of all in-
fections (HR, 0.97; 95% CI, 0.75–1.24) or serious in-
fections (HR, 0.59; 95% CI, 0.27–1.05) between
tofacitinib vs TNFa antagonists. We did not identify any
comparative studies of ozanimod or filgotinib.

Discussion

Treatment safety is a key consideration when
choosing advanced therapies for the management of
patients with IBD. In this systematic review and meta-
analysis of 20 head-to-head real-world studies
including >55,000 patients treated with advanced ther-
apies, we made several key observations on the
comparative risk of serious infections with different
classes of advanced therapies. First, we observed that
overall there was no significant differences in the risk of
serious infections with vedolizumab vs TNFa antago-
nists. However, in a subset of patients with UC, vedoli-
zumab was associated with a 32% lower risk of serious
infections compared with TNFa antagonists and may
offer net benefit. No difference was observed in the risk
of serious infections between the 2 agents in patients
with CD. This association was not influenced by age,
prior biologic exposure, disease duration, or concomitant
use of IMMs. Second, we observed that ustekinumab may
be associated with a lower risk of serious infections
compared with TNFa antagonists, and compared with
vedolizumab, in patients with CD. There was a paucity of
data on the comparative safety of ustekinumab, tofaciti-
nib, filgotinib, and ozanimod in UC, which is a key
knowledge gap. Overall, these data suggest that different
advanced therapies have differing safety profiles, which
is not entirely driven by the drug’s purported intrinsic
immune suppression and may be influenced significantly
by IBD phenotype (and the drug’s effectiveness in con-
trolling IBD). Combining this evidence on comparative
safety of advanced therapies with knowledge on the
comparative effectiveness of different therapies from
head-to-head trials and network meta-analyses can help
inform net-benefit assessment and promote shared de-
cision making for clinical practice.

Two key factors determine the safety of immuno-
suppressive therapies in patients with IBD.33 First, the
intrinsic systemic immune suppression potential of the
agent, and, second, its effectiveness in controlling dis-
ease, achieving corticosteroid-free remission, and avoid-
ing disease-related complications. Vedolizumab’s gut
specificity was confirmed in a vaccination study in
healthy volunteers, in which it selectively reduced
response to orally administered antigens, but not to
parenterally administered antigens.34 Exposure to
vedolizumab also does not seem to attenuate response to
the coronavirus disease vaccine.35 This suggests that
vedolizumab is less systemically immunosuppressive
compared with TNFa antagonists. Data from RCTs and
network meta-analyses suggest that vedolizumab may be
as effective as infliximab, and more effective than adali-
mumab, in patients with moderate to severe UC.2,4,9

Hence, the high efficacy of vedolizumab in achieving
and maintaining remission, combined with a lower de-
gree of immunosuppression, may explain why vedolizu-
mab was associated with a lower risk of serious
infections than TNFa antagonists in patients with UC.
Consequently, vedolizumab may offer net benefit in pa-
tients with UC. In contrast, vedolizumab may be less
effective than TNFa antagonists in patients with CD,
particularly in biologic-exposed patients, and in patients
with high-risk phenotype such as perianal disease and
high inflammatory burden.5,8 As a result, despite a lower
degree of direct systemic immunosuppression with
vedolizumab, there was no safety advantage with vedo-
lizumab vs TNFa antagonists in patients with CD. Pa-
tients with CD with inadequate disease control may be
more prone to disease-related complications including
serious infections such as intra-abdominal and perianal
abscesses. In a claims-based study, we previously
observed that risk of serious infections of gastrointes-
tinal origin in patients with CD was 2.9 times with
vedolizumab compared with TNFa antagonists.29 In
addition, inadequate disease control may lead to a higher
burden of corticosteroid use and poor functional status
and frailty predisposing to extraintestinal serious in-
fections. In our analysis, even after excluding gastroin-
testinal serious infections, we did not observe any
significant differences in the risk of serious infections
between vedolizumab and TNFa antagonists. From a
patient’s perspective, the safety and effectiveness of a
treatment strategy may be more valuable than the ab-
solute immune suppression potential of a specific agent.
Hence, vedolizumab may not offer a net benefit over



Study name Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit

VARSITY 2019 1.14 0.41 3.17
Bohm - VICTORY 2020 0.85 0.56 1.28
Lukin - VICTORY 2022 0.81 0.40 1.65
Moens 2022 - UC 0.33 0.04 3.03
Moens 2022 - CD 0.62 0.04 10.19
Bressler - EVOLVE 2021 - UC 1.79 0.67 4.79
Bressler - EVOLVE 2021 - CD 3.85 1.17 12.69
Hupe 2020 3.30 0.17 64.81
Kirchgesner 2022 1.05 0.88 1.26
Singh - Optum 2022 - IBD 1.27 0.89 1.80
Innocenti 2022 2.32 0.30 18.06
Kochar 2022 - IBD 3.03 1.38 6.64
Pabla 2021 1.60 0.71 3.64
Adar 2019 1.29 0.63 2.66
Singh - CA-IBD 2022 - UC 2.63 1.10 6.28
Singh - CA-IBD 2022 - CD 0.65 0.36 1.19
Singh - Denmark 2022 0.89 0.51 1.54

1.19 0.96 1.47

0.1 0.2 0.5 1 2 5 10
Lower risk with TNF 

antagonists 
(vs. vedolizumab)

Risk of Serious Infections – TNFα antagonists vs. vedolizumab

TNFα antagonists vs. Vedolizumab
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(vs. vedolizumab)

Figure 1. Risk of serious
infections with tumor ne-
crosis factor a (TNFa) an-
tagonists vs vedolizumab
in all patients with inflam-
matory bowel disease
(IBD). In a meta-analysis
of 17 cohorts of patients
with IBD, there was no
significant difference in
the risk of serious in-
fections between vedoli-
zumab (n ¼ 14,207
patients) vs TNFa antag-
onists (n ¼ 37,389 pa-
tients) (odds ratio, 0.84;
95% CI, 0.68–1.04), with
moderate heterogeneity
(I2 ¼ 37%). CA-IBD, Cali-
fornia IBD cohort; CD,
Crohn’s disease; UC, ul-
cerative colitis.
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TNFa antagonists in patients with CD. In a registry-based
study in patients with rheumatoid arthritis, Strangfeld
et al36 observed that effective disease control and a
decrease in corticosteroid use with TNFa antagonists
was associated with progressive decrease in the risk of
serious infections over time, relative to conventional
disease-modifying antirheumatic drugs; this treatment
effect explained a 32% relative decrease in risk of
serious infections with TNFa antagonists vs disease-
modifying antirheumatic drugs, from year 1 to year 2.
Unfortunately, this concept of treatment effect could not
be readily examined in this systematic review. Most
studies adjusted for concomitant exposure to cortico-
steroids at baseline, but only a few studies adjusted for
baseline disease activity. Critically, none of the studies
Study name 
Odds  Lower  Upper  
ratio limit limit 

Bohm - VICTORY 2020 0.85 0.56 1.28 
Moens 2022 - CD 0.62 0.04 10.19 
Bressler - EVOLVE 2021 - CD 3.85 1.17 12.69 
Kirchgesner 2022 - CD 0.91 0.72 1.14 
Singh - Optum 2022 - CD 0.77 0.47 1.25 
Kochar 2022 - CD 3.03 1.18 7.75 
Adar 2019 - CD 1.00 0.38 2.67 
Singh - CA-IBD 2022 - CD 0.65 0.36 1.19 
Singh - Denmark 2022 - CD 0.89 0.38 2.05 

0.97 0.74 1.28 
VARSITY 2019 1.14 0.41 3.17 
Lukin - VICTORY 2022 0.81 0.40 1.65 
Moens 2022 - UC 0.33 0.04 3.03 
Bressler - EVOLVE 2021 - UC 1.79 0.67 4.79 
Hupe 2020 3.30 0.17 64.81 
Kirchgesner 2022 - UC 1.47 1.08 2.01 
Singh - Optum 2022 - UC 1.85 1.20 2.85 
Kochar 2022 - UC 1.47 0.65 3.35 
Adar 2019 - UC 1.89 0.61 5.82 
Singh - CA-IBD 2022 - UC 2.63 1.10 6.28 
Singh - Denmark 2022 - UC 0.89 0.42 1.86 

1.46 1.20 1.78 
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accounted simultaneously for time-varying treatment
effectiveness and on-treatment evolution of risk of
serious infections.

We observed that the risk of serious infections was
lower in patients with CD treated with ustekinumab vs
TNFa antagonists. Ustekinumab and TNFa antagonists
have comparable efficacy in patients with moderate to
severe CD, based on the recent SEAVUE trial and
network meta-analysis.3,5,8 This may explain why uste-
kinumab, which may not have as profound an immuno-
suppressive effect as TNFa antagonists based on vaccine-
response studies, may be associated with a lower risk of
serious infections in patients with CD.37 Similar obser-
vations have been observed in psoriasis. In the US Pso-
riasis Longitudinal Assessment and Registry with 11,466
Odds ratio and 95% CI 
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Figure 2. Risk of serious
infections with tumor ne-
crosis factor a (TNFa) an-
tagonists vs vedolizumab
in patients with Crohn’s
disease (CD) and ulcera-
tive colitis (UC). Vedolizu-
mab was associated with
a 32% lower risk of
serious infections
compared with TNFa an-
tagonists in patients with
UC (11 cohorts; odds ra-
tio, 0.68; 95% CI, 0.56–
0.83) with minimal hetero-
geneity (I2 ¼ 0%), but not
in patients with CD (9 co-
horts; odds ratio, 1.03;
95% CI, 0.78–1.35) with
moderate heterogeneity
(I2 ¼ 42%) (P value for
difference in subgroups ¼
.02). CA-IBD, California
IBD cohort.



Table 3. Subgroup Analysis Comparing the Risk of Serious Infections With Vedolizumab Vs TNFa Antagonists

Risk of serious infections Cohorts, n
Odds ratio (95% CI)

(vedolizumab vs TNFa antagonists) I2 P value for difference in subgroups

IBD subtype .02
Crohn’s disease 1.03 (0.78–1.35) 42%
Ulcerative colitis 0.68 (0.56–0.83) 0%

Age .93
Younger 0.83 (0.68–1.00) 52%
Older 0.81 (0.56–1.16) 0%

Sex .56
Male 1.11 (0.89–1.37) 0%
Female 1.01 (0.80–1.27) 0%

Prior TNF exposure .51
TNF naïve 0.89 (0.44–1.82) 54%
TNF exposed 1.19 (0.75–1.89) 54%

Prior serious infections .83
Yes 0.85 (0.56–1.28) –

No 0.89 (0.74–1.08) 0%

Analysis approach .75
Adjusted (PS, MV or RCT) 13 0.84 (0.67–1.05) 47%
Unadjusted 4 0.74 (0.37–1.49) 0%

CI, confidence interval; IBD, inflammatory bowel disease; MV, multivariable; PS, propensity score; RCT, randomized controlled trial; TNFa, tumor necrosis factor a.
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patients, the absolute risk of serious infections with
ustekinumab (0.83 per 100 person-years) was lower
compared with infliximab (2.49 per 100 person-years).38

Network meta-analyses and observational studies also
have suggested that ustekinumab may be more effective
than vedolizumab in patients with moderate to severe
CD, particularly those with prior failure of TNFa antag-
onists.5,39 This, combined with the likely comparable
systemic immune suppression potential of both usteki-
numab and vedolizumab, may explain the lower risk of
serious infections with ustekinumab vs vedolizumab in
patients with CD.

There were several strengths of this systematic re-
view including the following: (1) direct comparative
Study name

Odds Lower Upp
ratio limit lim

SEAVUE 2019 1.23 0.33 4.6
Innocenti 2022 0.74 0.09 5.9
Cheng 2022 1.19 0.96 1.4
Singh - CA-IBD 2022 - UC 2.27 0.48 10.7
Singh - CA-IBD 2022 - CD 2.78 1.55 4.9

1.59 0.95 2.6

Risk of Serious Infections – TN

TNFα antagonists vs. ustekinumab

Figure 3. Risk of serious infections with tumor necrosis factor
flammatory bowel disease. In a meta-analysis of 5 cohorts, ther
between ustekinumab (n ¼ 2924 patients) vs TNFa antagonis
moderate heterogeneity (I2 ¼ 50%). CA-IBD, California IBD co
Adalimumab Versus Ustekinumab for One Year; UC, ulcerative
assessment of risk of serious infections with different
classes of advanced therapies; (2) minimal heterogeneity
across all analyses, through well-defined inclusion and
exclusion criteria; (3) multiple subgroup analyses
confirmed the stability and consistency of findings,
particularly for the comparison between vedolizumab
and TNFa antagonists; and (4) inclusion of conference
proceedings and unpublished literature. However, there
were several limitations that should be acknowledged.
First, the meta-analysis relied primarily on observational
studies. Observational studies lack the experimental
random allocation of the intervention necessary to test
exposure–outcome hypotheses optimally. Despite statis-
tical approaches to adjusting for several covariates, it is
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a (TNFa) antagonists vs ustekinumab in all patients with in-
e was no significant difference in the risk of serious infections
ts (n ¼ 20,308) (odds ratio, 0.63; 95% CI, 0.38–1.05) with
hort; CD, Crohn’s disease; SEAVUE, Safety and Efficacy of
colitis.
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not possible to eliminate the potential of residual con-
founding or selection bias. However, head-to-head clin-
ical trials are few, highly selective, and are
underpowered for safety end points such as serious in-
fections, and, hence, providers need to rely on observa-
tional studies. Second, there were subtle differences in
the definition of exposures and outcomes, depending on
the data source. The definition of serious infections was
not standardized in real-world studies, with no adjudi-
cation of outcomes, different provider thresholds for
hospitalization, and use of antibiotics in different juris-
dictions. Six studies incorporated any use of antibiotics
in defining serious infections, of which only 2 studies
focused only on intravenous antibiotics; use of oral an-
tibiotics may not represent truly serious infections
because providers may have a low threshold to pre-
scribe antibiotics in patients on immunosuppressives.
In several studies, on-treatment, time-varying exposure
to corticosteroids was not well characterized. However,
as noted earlier, there was low heterogeneity across
most analyses, and results were stable on multiple
subgroup analyses, including analytic approach. Third,
there were several differences between studies that we
could not account for adequately, such as duration of
IBD, objective assessment of disease behavior and ac-
tivity, concomitant medications, including dose of cor-
ticosteroids and use of narcotics. Fourth, there was a
paucity of comparative safety studies of ustekinumab,
tofacitinib, figotinib, and ozanimod. Fifth, we focused
on serious infections as a marker of treatment safety;
other safety outcomes such as risk of malignancy, ma-
jor adverse cardiovascular outcomes, and venous
thromboembolism also are important to consider in
shared decision making.

In conclusion, based on a systematic review and meta-
analysis of 20 comparative studies, we observed differ-
ences in the risk of serious infections with different
advanced immunosuppressive therapies. Overall, no dif-
ferences were observed in the risk of serious infections
between vedolizumab and TNFa antagonists, particularly
in patients with CD; in patients with UC, vedolizumab was
safer and may offer net benefit. In patients with CD, uste-
kinumab may be associated with a lower risk of serious
infections compared with TNFa antagonists and vedolizu-
mab, and may offer net benefit. As treatment options for
management of IBD expand with availability of several
newer non–TNF-targeting biologics and oral small-
molecule inhibitors/modulators, well-designed compara-
tive real-world studies are warranted to optimally inform
risks associated with these agents, especially over longer-
term horizons, which are not captured in clinical trials.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2022.07.032.
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Records identified by updating 

electronic database search 

conducted on March 18, 2018: 

4,278

3 additional unpublished cohorts 

from investigator team

4,278 Abstracts Reviewed

24 Full Texts Reviewed

Excluded – 7

• Did not report risk of serious infections (4)

• Focused only on specific infections (3)

In
cl

ud
ed

El
ig

ib
ili

ty
Sc

re
en

in
g

Id
en

tif
ic

at
io

n

Excluded based on title and abstract review – 4,254

• Unrelated to biologic/immunosuppressive therapy

• Unrelated to inflammatory bowel diseases

• Unrelated to serious infections

Studies included in 
quantitative synthesis: 20

Vedolizumab vs. 

TNFα antagonists: 17

Ustekinumab vs. 

TNFα antagonists: 5

Vedolizumab vs. 

ustekinumab: 5

Tofacitinib vs. 

TNFα antagonists: 1

Supplementary Figure 1.
Study selection flowsheet.
TNFa, tumor necrosis
factor a.
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Study name Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit

Innocenti 2022 0.32 0.02 5.32

Biemans 2020 1.13 0.53 2.41

Alric 2020 3.20 1.58 6.50

Singh - CA-IBD 2022 - UC 1.00 0.18 5.50

Singh - CA-IBD 2022 - CD 5.00 1.71 14.64

1.96 0.92 4.14

0.1 0.2 0.5 1 2 5 10

Risk of Serious Infections – Vedolizumab vs. ustekinumab

Vedolizumab vs. ustekinumab

Lower risk with 
vedolizumab 

(vs. ustekinumab)

Higher risk with 
vedolizumab 

(vs. ustekinumab)

plementary Figure 2.
k of serious infections with vedolizumab vs ustekinumab in all patients with inflammatory bowel disease. In a meta-analysis
cohorts, there was no significant difference in the risk of serious infections between vedolizumab (n ¼ 694 patients) vs

ekinumab (n ¼ 726 patients) (odds ratio, 1.96; 95% CI, 0.92–1.14) with moderate heterogeneity (I2 ¼ 50%). CA-IBD,
lifornia IBD cohort; CD, Crohn’s disease; UC, ulcerative colitis.



Supplementary Table 1. Risk of Bias of Cohort Studies Included in the Systematic Review According to the
Newcastle–Ottawa Scale

Study

Selection Outcome Comparability

ScoreItem 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8

Adar15 + + + + + + + + 8

Alric16 + + + + – + + – 6

Bohm18 + + + + + + + + 8

Hupe21 + + + + + + + + 8

Rundquist28 + + – + + + + + 7

Biemans17 + + + + + + + + 8

Moens26 + + + + + + + – 7

Bressler19 + + + + + + + + 8

Innocenti22 + + + + + + + – 7

Kochar24 + + + + + + + + 8

Pabla27 + + + + + + + – 7

Lukin25 + + + + + + + + 8

Kirchgesner23 + + + + + + + + 8

Singh–OptumLabs29 + + + + + + + + 8

Cheng20 + + + + + + + + 8

Singh - Denmark32 + + + + + + + + 8

Singh – CA-IBD - CD30 + + – + + + + + 8

Singh – CA-IBD - UC31 + + + + + + + 8

NOTE. Risk of bias of randomized trials was assessed using the Cochrane risk-of-bias tool, and both trials (VARSITY [An Efficacy and Safety Study of Vedolizumab
Intravenous [IV] Compared to Adalimumab Subcutaneous [SC] in Participants With Ulcerative Colitis] and SEAVUE [Safety and Efficacy of Adalimumab Versus
Ustekinumab for One Year]) were rated as low risk of bias. Items were as follows: 1, representativeness of the exposed cohort; 2, selection of the nonexposed
cohort; 3, ascertainment of exposure; 4, demonstration that outcome of interest was not present at the start of the study; 5, assessment of outcome; 6, follow-up
period was long enough for outcomes to occur; 7, adequacy of follow-up evaluation (>75% follow-up evaluation, or description for those lost); and 8, compa-
rability of cohorts on the basis of the design or analysis.
CA-IBD, California IBD cohort.
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