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Abstract

Backgrounds and aims

There are currently no studies comparing histologic remission of FDA-approved biologics

for moderate to severe ulcerative colitis (UC), except for one head-to-head VARSITY trial.

The current study employs a network meta-analysis to compare the efficacy, including histo-

logic remission and safety of biologic agents for UC.

Methods

Using four electronic databases, including Pubmed, EMBASE, The Cochrane Library, and

ClinicalTrials.gov, a search was conducted of all literature published until September 2022.

Included were studies of randomized controlled trials with adult patients with moderate to

severe UC using biologics approved by the FDA. An odd ratio with a 95 percent credible

interval and ranking information was calculated for each endpoint.

Results

The results of the network meta-analysis did not reveal statistically significant differences

among biological agents. However, the ranking information for each biological agent exhib-

ited the following patterns. Vedolizumab was ranked first for overall efficacy endpoints in the

maintenance phase, including histologic remission. Except for histologic remission, Usteki-

numab was identified as the top-ranked drug for induction phase efficacy endpoints other

than histologic remission. Adalimumab was identified as the top-ranked drug for mainte-

nance phase corticosteroid-free remission. Vedolizumab was identified as the top-ranked

drug in the induction phase for Treatment Emergent Adverse Events (TEAE). Adalimumab

was identified as the top-ranked drug in the induction phase for infection. For TEAE and

infection in the maintenance phase and Treatment Emergent Severe Adverse Events

(TESAE) in both the induction and maintenance phases, Ustekinumab was determined to

be the top-ranked medication.
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Conclusions

Including histologic remission, for the overall efficacy endpoints in the maintenance phase,

VDZ was identified as the first rank drug, but there was no statistically significant difference

between biologics. Therefore, the generalization of the results of this study is bounded due

to the intrinsic limitations of the study provided.

Introduction

Ulcerative colitis

Ulcerative colitis (UC) is a chronic, inflammatory bowel disease characterized by alternating

relapse and remission periods [1]. The most prevalent UC symptoms are diarrhea and blood

in the stool. Patients may also experience varying degrees of abdominal pain, mucus discharge,

urgency, and/or extraintestinal symptoms, depending on the severity and location of the dis-

ease [2,3]. In addition to being associated with an increased risk of colorectal cancer, UC can

lead to colectomy, which provides symptomatic relief but no cure and is associated with com-

plications in up to one-third of patients [4,5]. As the characteristics and prognosis of UC can

have an impact on the long-term quality of life and work productivity, it is of the utmost

importance to establish an appropriate treatment objective and strategy. Especially in the con-

text of moderate to severe UC where biologics are employed, the selection and strategy of treat-

ment become crucial. The use of biologic agents can significantly impact the disease course

and management, potentially altering the trajectory of relapses and remissions.

Treatment target of UC

Clinical target. Clinical targets are the resolution of rectal bleeding and the normalization

of bowel [6]. They are non-invasive, do not have any additional costs, so it has been used to

estimate disease activity in UC management for a long time. However, UC management that

only focuses on clinical targets is not sufficient as symptomatic control may leave less active or

smoldering disease lingering, increasing the risk of relapse [6,7].

Endoscopic target. Endoscopic target is absence of ulceration based on the results of

endoscopy [6]. As an objective evidence of inflammation, endoscopic target is associated with

in lower incidences of relapse, hospitalization and colectomy, as well as lower rates of dysplasia

and colorectal cancer than clinical targets [8]. However, it does not address histologic inflam-

mation. A meta-analysis of 1573 UC patients showed that the endoscopic target was worse at

predicting clinical outcomes than the histologic target [9].

Histologic target. However, recently, it has become increasingly popular and been recog-

nized as an important prognostic factor. Histologic target is the normalization of active histo-

logical inflammation. There is still debate over whether the histologic target should be

considered as an additional treatment target, as its clinical utility is still limited in its clinical

utility and received a low rating as an independent treatment target by the Delphi group [10–

12]. In spite of this, histologic target has emerged as an important prognostic factor and poten-

tial treatment target in patients with UC recently [13,14]. Multiple studies support the incorpo-

ration of histologic remission into treatment targets of both clinical trials and practice of UC

[15,16]. In addition, the U.S. Food and Drug Administration (FDA) recommended histologic

response/remission as exploratory endpoints in clinical trials for UC treatments under devel-

opment through the guideline in April 2022 [17].
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Aim of this study. Currently, the FDA-approved biologics for moderate to severe UC are

Adalimumab (ADA), Golimumab (GOL), Infliximab (IFX), Ustekinumab (UST), and Vedoli-

zumab (VDZ). Among these biologics, only UST which is latest approved, set histologic remis-

sion as an efficacy endpoint in its pivotal clinical trial. For some new drugs, histological

remission has now become an endpoint for pivotal clinical trials in UC.

However, despite the growing importance of histologic remission as a treatment target for

UC, there are no direct comparisons of histologic remission in the FDA-approved biologics

for UC, with the exception of one head-to-head VARSITY trial (adalimumab [ADA] vs vedoli-

zumab [VDZ]) [18]. Additionally, indirect comparisons of histologic remission have not been

conducted systematically. There are no reference data for selecting biologics when histologic

remission is the treatment goal.

The purpose of the study is to compare the efficacy and safety of biologic therapy for mod-

erate to severe UC in terms of efficacy, including histologic remission, in order to provide reli-

able evidence that can be considered when selecting biologics with a therapeutic target for

histologic remission.

Material and methods

Search strategy and study selection

This study was conducted according to the Preferred Reporting Items for Systematic Review

and Network Meta-analysis (PRISMA NMA) checklist (S1 File), which is an extension of tradi-

tional pairwise meta-analysis [19]. For efficient evidence collection, the research question was

set based on the PICO-SD (P: Population, I: Intervention, C: Comparator, O: Outcome, SD:

Study Design) framework (S2 File) [20].

The primary question was "Is there a difference in efficacy including histologic assessment,

and safety between FDA-approved biologic therapies for moderate to severe UC in adult

patients with moderate-to-severe UC?". The participants were adults with moderate to severe

UC. The intervention and comparison will be FDA-approved biologics for moderate to severe

UC (ADA, GOL, IFX, UST, and VDZ) and placebo, respectively. The design of the study was

restricted to human RCTs. In the case of the protocol, it was developed during the paper sub-

mission process after the completion of this study. The study protocol which includes details

of this study is publicly available on protocols.io [21].

Using 4 electronic databases (Pubmed, EMBASE, and The Cochrane Library, as well as the

ClinicalTrials.gov site that provides clinical information) considered major database in medi-

cal science topics, and have a larger platform than other databases, a search was conducted on

literature published up until September 2022. The full search strategies for each database are

included in S3 File.

On the basis of the collected literature, two researchers (KSC, YSS) independently selected

the literature. In the event of a disagreement during the literature review selection procedure,

the final decision was reached through discussion. Full-text review was used to select the litera-

tures for analysis based on the following criteria: a study of adult patients with moderately to

severely UC, a study using biologics in the same regimen as the FDA-approved regimen, a

study that includes the efficacy and/or safety results of the induction and maintenance phase

after administration of biologics, and a randomized controlled trial. As it was difficult to accu-

rately determine whether a study was an RCT or non-RCT based solely on the abstract and

excluding hundreds of papers in the initial stages was challenging due to the possibility that

even partial information relevant to our study might be present, 868 papers full-text based on

the PRISMA flowchart was reviewed. As a result, RCTs, review studies, observational studies,

PLOS ONE Comparison of efficacy and safety of biologic therapy in ulcerative colitis: Systematic review and network meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0293655 November 2, 2023 3 / 15

https://doi.org/10.1371/journal.pone.0293655


case studies, academic abstracts, correspondence, and ongoing studies without reported results

that utilized biologics were excluded. List of excluded studies is included in S4 File.

Outcome assessment

Histologic remission and other efficacy endpoints such as clinical remission, corticosteroid-

free remission, and endoscopic improvement were the primary outcome measures of interest.

Treatment emergent adverse event (TEAE), treatment emergent serious adverse event

(TESAE), and infection were of interest as safety outcome measures (TESAE).

Except for histologic remission, all outcome measures have identical or nearly identical def-

initions. There is currently no standard definition for histologic remission, so the definitions

and terms of histologic assessment established for each study are not exactly identical. Defini-

tions of efficacy and safety outcome measures are presented in S5 File [22–24].

Data extraction

Two independent reviewers (KSC, JC) extracted all data from ten selected clinical trials into a

separate Microsoft Excel spreadsheet. Extracted were the trial’s identifier, eligibility criteria,

phase with duration, posology of the treatment group, sample size, and baseline patient charac-

teristics. When available, data for pre-specified outcome measures were extracted at the con-

clusion of the induction and maintenance phases for each study.

Quality assessment and risk of bias

Risk of Bias (RoB) 2, a tool developed by the Cochrane group specifically for randomized con-

trolled trials, was utilized. Following items were assessed: 1) bias resulting from the randomiza-

tion procedure, 2) bias resulting from deviations from intended interventions, 3) bias resulting

from missing outcome data, 4) bias in measurement of the outcome, and 5) bias in selection of

the reported result. There were three levels of risk of bias assessment: Low risk of bias, Some

concerns, and High risk of bias [25].

Data synthesis and statistical analysis

To compare the effects of each biologics at the same time, network meta-analysis (NMA)

based on the Bayesian framework by integrating all available study results was conducted [26].

All NMA were analyzed using R software version 4.2.0 (R foundation for Statistical Comput-

ing, Vienna, Austria) and GEMTC package was used.

The network was set up based on the study results available for each endpoint, and a ran-

dom-effect model was applied in consideration of the heterogeneity in endpoints and study

design of each study. Odd ratio (OR) and 95% credible interval (CrI) of the results were

derived, since the efficacy and safety endpoints are all binary variables (proportion [%]). In

addition, ranking information including that one treatment is ranked higher than another

treatment for each endpoint were also derived through probability.

Sensitivity analysis

In order to evaluate the effect of race on the 2 clinical trials performed only on Japanese sub-

jects, sensitivity analysis was conducted with the same simulation settings as the main analysis

using R software version 4.2.0, GEMTC package.
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Results

A total of 10 RCTs of 11 literatures were selected for this study [18,27–36]. The flow chart of

the literature review is as shown in Fig 1. Regarding the intervention drugs, IFX and GOL

were excluded from this analysis as there was no study that could confirm the histologic assess-

ment results, even though there were other efficacy results of them.

All enrolled patients were aged� 18 years and diagnosed with moderately to severely UC,

defined as a total of Mayo score 6 to 12 points. Unlike others, Suzuki et al. 2014, HIBISCUS 1

and 2 trials [28,29] were conducted only on biologic naïve patients, and other clinical trials

were conducted on patients who had failed TNFα-I or biologics. In addition, Suzuki et al. 2014

and Motoya et al. 2019 trials [30,35] were conducted on Japanese only. For the treatment

groups, PBO group was set for all trials except for the VARSITY trial [18], which is the only

head-to-head trial (ADA vs. VDZ). In Motoya et al. 2019 and VISIBLE1 trials [30,32], the

number of patients per treatment group was small, approximately 50 patients, but other clini-

cal trials included approximately 100 or more patients per treatment group.

The results of histologic remission, key endpoint of this study, were available in 5 clinical

trials, UNIFI, VARSITY, VISIBLE1, HIBISCUS 1 and 2 trials [18,27,32,36], but the definitions

were not exactly identical in each clinical trial, as mentioned above. About the study period,

ULTRA1, HIBISCUS1 and 2 trials [33,36] were conducted only during the induction phase,

and others were conducted during the induction and maintenance phases. The details of

patient baseline characteristic and outcome included in this study were presented in Tables 1

and 2, respectively.

Efficacy: Histologic remission

In ADA, UST, and VDZ, there was no statistically significant difference in achieving histologic

remission compared to PBO in both induction and maintenance phases. In comparison

Fig 1. PRISMA flow chart of the study.

https://doi.org/10.1371/journal.pone.0293655.g001
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between biologics, there was no statistically significant difference in achieving histologic

remission in both induction and maintenance phases as well. The 1st rank drug for histologic

remission was identified as VDZ in both induction and maintenance phases through rank

probability. (Table 3, Table 1 in S6 File)

Efficacy: Clinical remission

ADA, UST, and VDZ were found to be statistically significantly effective in achieving clinical

remission compared to PBO, in general. However, there was no statistically significant differ-

ence in achieving clinical remission between UST (OR: 2.51 [95% CrI: 0.834, 7.86]) compared

to PBO in the maintenance phase. In comparison between biologics, there was no statistically

significant difference in achieving clinical remission in both induction and maintenance

phases. The 1st rank drug for clinical remission was identified as UST in the induction phase

and VDZ in the maintenance phase through rank probability. (Table 3, Table 2 in S6 File)

Efficacy: Corticosteroid-free remission

ADA and VDZ were found to be statistically significantly effective in achieving corticosteroid-

free remission compared to PBO. However, there was no statistically significant difference in

achieving corticosteroid-free remission between UST (OR: 2.35 [95% CrI:0.597, 9.30]) com-

pared to PBO. In comparison between biologics, there was no statistically significant difference

in achieving corticosteroid-free remission in the maintenance phase. The 1st rank drug for

clinical remission was identified as ADA through rank probability. (Table 3, Table 3 in

S6 File).

Efficacy: Endoscopic remission

ADA, UST, and VDZ were found to be statistically significantly effective in achieving endo-

scopic improvement compared to PBO in the induction phase. However, there was no statisti-

cally significant difference in achieving endoscopic improvement in ADA (OR: 2.30 [95%

CrI:0.901, 5.58]) and UST (OR:2.60 [95% CrI:0.604, 11.2]) compared to PBO in the mainte-

nance phase. In comparison between biologics, there was no statistically significant difference

in achieving endoscopic improvement in both induction and maintenance phases. The 1st

rank drug for endoscopic improvement was identified as UST in the induction phase and

VDZ in the maintenance phase through rank probability (Table 3, Table 4 in S6 File).

Safety: TEAE

In ADA, UST, and VDZ, there was no statistically significant difference in TEAE incidence

compared to PBO in both induction and maintenance phases. In comparison between biolog-

ics, there was no statistically significant difference in TEAE incidence in both induction and

maintenance phases as well. The 1st rank drug for TEAE was identified as VDZ in the induc-

tion phase and UST in the maintenance phase through rank probability (Table 4, Table 5 in

S6 File).

Safety: TESAE

In ADA, UST, and VDZ, there was no statistically significant difference in TESAE incidence

compared to PBO in both induction and maintenance phases. In comparison between biolog-

ics, there was no statistically significant difference in TESAE incidence in both induction and

maintenance phases as well. The 1st rank drug for TESAE was identified as UST in both induc-

tion and maintenance phases. (Table 4, Table 6 in S6 File).
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Table 1. Baseline characteristics of studies included in the network meta-analysis.

Study name,

Identifier

(Author. year)

Key Eligibility Phase

(Time

point)

Posology of Treatment group Sample

size,

n

Male

Sex,

n (%)

Mean

Age

(yr)

Mean

Disease

duration

(yr)

Mean

MS

Concomitant

Medication

IMM

n (%)

CS

n (%)

Ustekinumab

UNIFI,

NCT02407236

(Sands et al. 2019

[19],

Li et al. 2020 [20])

biologic naïve or have

failed biologic therapy

I

(W8)

PBO 319 197

(61.8)

41 8.0 8.9 89

(27.9)

157

(49.2)

UST (IV) 6mg/kg at W4 322 195

(60.6)

42 8.2 8.9 89

(27.6)

168

(52.2)

M (W52) PBO 175 61

(34.9)

42 7.5 NR 49

(28.0)

95

(54.3)

UST (SC) 90mg Q8W 176 53

(30.1)

40 8.1 NR 45

(25.6)

95

(54.0)

Vedolizumab

GEMINI1,

NCT00783718

(Feagan et al. 2013

[21])

biologic naïve or have

failed TNFα-I therapy

I

(W6)

PBO 149 92

(61.7)

41 7.1 8.6 44

(29.5)

84

(56.3)

VDZ (IV) 300 mg at W0, 2 225 132

(58.7)

40 6.1 8.5 80

(35.4)

120

(53.2)

M (W52) PBO 126 70

(55.6)

40 NR 7.8 50

(40.0)

72

(57.0)

VDZ (IV) 300 mg Q8W 122 70

(57.3)

41 NR 6.2 44

(36.0)

70

(57.0)

NCT02039505

(Motoya et al. 2019

[22])

biologic naïve or have

failed TNFα-I therapy,

Japanese

I (W10) PBO 82 66

(67.1)

44 8.6 8.1 43

(52.5)

25

(30.5)

VDZ (IV) 300 mg at W0, 2, and

W6

164 99

(60.4)

42 7.2 8.3 80

(48.8)

52

(31.7)

M (W60) PBO 42 23

(54.8)

43 8.7 7.9 21

(50.0)

15

(35.7)

VDZ (IV) 300 mg Q8W 41 21

(51.2)

43 8.6 8.1 22

(53.8)

13

(31.8)

VARSITY,

NCT02497469

(Sands et al. 2019

[16],

P.B et al. 2021 [23])

biologic naïve or have

failed TNFα-I therapy

I (W14)

& M

(W52)

ADA (SC) 160mg at W0, 80mg at

W2, 40mg Q2W

386 216

(56.0)

41 6.4 8.7 100

(25.9)

140

(36.3)

VDZ (IV) 300 mg at W0, 2, 6 and

Q8W

385 234

(60.8)

41 7.3 8.7 101

(26.2)

139

(36.1)

VISIBLE1,

NCT02611830

(Sandborn et al.

2020 [24])

biologic naïve or have

failed TNFα-I therapy

I & M

(W52)

PBO 56 34

(60.7)

40 7.4 9.0* NR 24

(42.9)

VDZ (IV) 300 mg at W0, 2, 6 and

Q8W

54 31

(57.4)

42 8.2 9.0* NR 21

(38.9)

Adalimumab

ULTRA1,

NCT00385736

(Renisch et al. 2011

[25])

biologic naïve I

(W8)

PBO 130 82

(63.1)

37 5.4 8.7 52

(39.9)

88

(67.6)

ADA (SC) 160mg at W0, 80mg at

W2, 40mg at W4, and W6

130 83

(63.8)

37 6.1 8.8 51

(39.2)

71

(54.6)

ULTRA2,

NCT00408629

(Sandborn et al.

2013 [26])

biologic naïve or have

failed TNFα-I therapy

I (W8),

M (W52)

PBO 246 152

(61.8)

41 8.5 8.9 125

(50.8)

185

(75.2)

ADA (SC) 160mg at W0, 80mg at

W2, 40mg Q2W

248 142

(57.3)

40 8.1 8.9 143

(57.7)

200

(80.7)

(Continued)
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Safety: Infection

In ADA, UST, and VDZ, there was no statistically significant difference in infection incidence

compared to PBO in both induction and maintenance phases. In comparison between biolog-

ics, there was no statistically significant difference in infection incidence in both induction and

maintenance phases as well. The 1st rank drug for infection was identified as ADA in the

induction phase and PBO in maintenance phase. Excluding PBO, UST was considered as the

top ranked drug among the biologics in the maintenance phase. (Table 4, Table 7 in S6 File).

Risk of bias assessment

The risk of bias of the 10 clinical trials that were included in this analysis was evaluated using

ROB 2 (S7 File).

VISIBLE1 trial was evaluated that there was some concern on bias arising from the random-

ization process, because the induction phase is open-label. VARSITY trial was evaluated that

there was some concern on bias in selection of the reported result, because the results applied

with non-responder imputation was not reported despite the absence of maintenance phase

entry criteria. Lastly Motoya et al. and VISIBLE1 trials were evaluated that there was some con-

cern on overall bias though it is not clear but the number of patients per treatment group was

relatively small, at about 50.

All clinical trials included in this study were evaluated to have low risk of bias on overall bias.

Sensitivity analysis

To evaluate the effect of race on the biologics’ efficacy and safety, sensitivity analyses were per-

formed by excluding Motoya et al. 2019 and Suzuki et al. 2014 trials [30,35], respectively. A

Table 1. (Continued)

Study name,

Identifier

(Author. year)

Key Eligibility Phase

(Time

point)

Posology of Treatment group Sample

size,

n

Male

Sex,

n (%)

Mean

Age

(yr)

Mean

Disease

duration

(yr)

Mean

MS

Concomitant

Medication

IMM

n (%)

CS

n (%)

NCT00853099

(Suzuki et al. 2014

[27])

biologic naïve,

Japanese

I (W8) PBO 96 70

(72.9)

41 7.8 8.5 NR NR

ADA (SC) 160mg at W0, and

80mg at W2

90 61

(67.8)

43 8.3 8.6 NR NR

M (W52) PBO 96 70

(72.9)

41 7.8 8.5 52**
(54.2)

58**
(60.4)

ADA (SC) 40mg Q2W 177 111

(62.7)

43 8.0 8.6 81**
(45.6)

112**
(63.3)

HIBISCUS1,

NCT02163759

(Rubin et al. 2022

[28])

biologic naïve I (W10) PBO 72 39

(54.2)

38 NR NR 15

(20.8)

25

(34.7)

ADA (SC) 160mg at W0, 80mg at

W2, 40mg at W4, 6, and W8

142 82

(57.7)

42 NR NR 30

(21.1)

46

(32.4)

HIBISCUS2,

NCT02171429

(Rubin et al. 2022

[28])

biologic naïve I (W10) PBO 72 38

(52.8)

40 NR NR 14

(19.4)

23

(31.9)

ADA (SC) 160mg at W0, 80mg at

W2, 40mg at W4, 6, and W8

143 81

(56.6)

40 NR NR 28

(19.6)

42

(29.4)

Abbreviations: ADA; adalimumab, CS; corticosteroid; n; the number of patients, I; induction, IMM; immunomodulatory, IV; intravenous, M; maintenance, MS; Mayo

score, NR; not reported, PBO; placebo, Q2W; every 2 weeks, Q8W; every 8 weeks, SC; subcutaneous, TNFα-I; tumor necrosis factor alpha inhibitor, UST; ustekinumab,

VDZ; vedolizumab, W; week, yr; years.

*median results were reported due to data limitation.

** Results during both induction and maintenance period were reported due to data limitation.

https://doi.org/10.1371/journal.pone.0293655.t001
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Table 2. Efficacy and safety results of studies included in the network meta-analysis.

Study name,

Identifier

(Author. year)

Time

point

Study

drug

Efficacy result Safety result*
Clinical

remission,

n/N (%)

Corticosteroid-free

remission,

n/N (%)

Endoscopic

improvement, n/N (%)

Histologic

remission, n/N (%)

TEAE, n/

N (%)

TESAE, n/

N (%)

Infection,

n/N (%)

Ustekinumab

UNIFI,

NCT02407236

(Sands et al. 2019

[19],

Li et al. 2020 [20])

W8 PBO 17/319

(5.3)

N/A 44/319

(13.8)

65/297

(21.9)

153/319

(48.0)

22/319

(6.9)

49/319

(15.4)

UST 50/322

(15.5)

N/A 87/322

(27.0)

105/295

(35.6)

162/320

(50.6)

11/320

(3.4)

51/321

(15.9)

W52 PBO 42/175

(24.0)

41/175

(23.4)

50/175

(28.6)

55/167

(32.9)

138/175

(78.9)

17/175

(9.7)

81/175

(46.3)

UST 77/176

(43.8)

74/176

(42.0)

90/176

(51.1)

99/167

(59.3)

136/176

(77.3)

15/176

(8.5)

86/176

(48.9)

Vedolizumab

GEMINI1,

NCT00783718

(Feagan et al. 2013

[21])

W6 PBO 8/149

(5.4)

N/A 37/149

(24.8)

N/A NR NR NR

VDZ 38/225

(16.9)

N/A 92/225

(40.9)

N/A NR NR NR

W52 PBO 20/126

(15.9)

10/72

(13.9)

25/126

(19.8)

N/A 67/149

(45.0)

17/149

(11.4)

29/149

(19.5)

VDZ 51/122

(41.8)

22/70

(31.4)

63/122

(51.6)

N/A 69/126

(54.8)

20/126

(15.9)

39/126

(31.0)

NCT02039505

(Motoya et al. 2019

[22])

W10 PBO 10/82

(12.2)

N/A 25/82

(30.5)

N/A 43/82

(52.4)

4/82

(4.9)

10/82

(12.2)

VDZ 30/164

(18.3)

N/A 60/164

(36.6)

N/A 82/164

(50.0)

10/164

(6.1)

24/164

(14.6)

W60 PBO 13/42

(31.0)

3/15

(20.0)

14/42

(33.3)

N/A 33/42

(78.6)

3/42

(7.1)

11/42

(26.2)

VDZ 23/41

(56.1)

6/13

(46.2)

26/41

(63.4)

N/A 36/41

(87.8)

4/41

(9.8)

19/41

(46.3)

VARSITY,

NCT02497469

(Sands et al. 2019

[16],

P-B et al. 2021

[23])

W14 ADA 82/386

(21.2)

N/A N/A 118/386

(30.6)

NR NR NR

VDZ 102/383

(26.6)

N/A N/A 173/383

(45.2)

NR NR NR

W52 ADA 87/386 (22.5) 26/119

(21.8)

107/386

(27.7)

119/386 (30.8) 267/386

(69.2)

53/386

(13.7)

55/386

(14.2)

VDZ 120/383

(31.3)

14/111

(12.6)

152/383

(39.7)

175/383

(45.7)

240/383

(62.7)

42/383

(11.0)

54/383

(14.1)

VISIBLE1,

NCT02611830

(Sandborn et al.

2020 [24])

W52 PBO 8/56

(14.3)

2/24

(8.3)

12/56

(21.4)

4/56

(7.1)

43/56

(76.8)

6/56

(10.7)

14/56

(25.0)

VDZ 23/54

(42.6)

6/21

(28.6)

29/54

(53.7)

6/54

(11.1)

41/54

(75.9)

7/54

(13.0)

15/54

(27.8)

Adalimumab

ULTRA1,

NCT00385736

(Renisch et al. 2011

[25])

W8 PBO 12/130

(9.2)

N/A 54/130

(41.5)

N/A 108/223

(48.4)

17/223

(7.6)

35/223

(15.7)

ADA 24/130

(18.5)

N/A 61/130

(46.9)

N/A 112/223

(50.2)

9/223

(8.5)

32/223

(14.3)

(Continued)
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sensitivity analysis was also performed by excluding the both 2 trials. Forest plots of each end-

point generally showed the same trend as the forest plots of the main analysis. All 1st rank

drugs of each endpoint was same as the 1st rank drugs of the main analysis. As a result, it was

confirmed that the influence of race was insignificant (S8 File).

Discussion/Conclusion

The results of the network meta-analysis did not reveal statistically significant differences

among biologic agents. However, the ranking information for each biologic agent exhibited

the patterns. Including histologic remission, for the overall efficacy endpoints in the mainte-

nance phase, VDZ was identified as the 1st rank drug.

In addition, due to the following limitations, there may be some difficulties in generalizing

the results of this study.

Due to the results of histologic assessment of studies were limited, the number of selected

studies was small. There was heterogeneity in key eligibility and concomitant medication utili-

zation of patients included in this analysis. HIBISCUS1 and 2 trials [35,36] were conducted

only on biologic naïve patients, but other clinical trials included not only biologic naïve

patients but also patients who had failed TNFα-I or biologics. In addition, for concomitant

medication that may affect efficacy outcome, the percentage of patients between treatment

Table 2. (Continued)

Study name,

Identifier

(Author. year)

Time

point

Study

drug

Efficacy result Safety result*
Clinical

remission,

n/N (%)

Corticosteroid-free

remission,

n/N (%)

Endoscopic

improvement, n/N (%)

Histologic

remission, n/N (%)

TEAE, n/

N (%)

TESAE, n/

N (%)

Infection,

n/N (%)

ULTRA2,

NCT00408629

(Sandborn et al.

2013 [26])

W8 PBO 23/246

(9.3)

N/A 78/246

(31.7)

N/A 163/246

(66.3)

21/246

(8.5)

51/246

(20.7)

ADA 41/248

(16.5)

N/A 102/248

(41.1)

N/A 144/247

(58.3)

15/247

(6.1)

50/247

(20.2)

W52 PBO 21/246

(8.5)

8/51

(15.7)

38/246

(15.4)

N/A 142/260

(54.6)

32/260

(12.3)

48/260

(18.5)

ADA 38/123

(30.9)

19/90

(21.1)

53/123

(43.1)

N/A 139/257

(54.1)

31/257

(12.6)

60/257

(23.3)

NCT00853099

(Suzuki et al. 2014

[27])

W8 PBO 11/96

(11.5)

N/A 30/96

(31.2)

N/A 45/96

(46.9)

7/96

(7.3)

15/96

(15.6)

ADA 10/90

(11.1)

N/A 44/90

(48.9)

N/A 40/90

(44.4)

4/90

(4.4)

17/90

(18.9)

W52 PBO 7/96

(7.3)

4/58

(6.9)

16/96

(16.7)

N/A 51/96

(53.1)

13/96

(13.5)

32/96

(33.3)

ADA 23/177

(13.0)

17/120

(14.2)

29/177

(16.4)

N/A 107/177

(60.5)

24/177

(13.6)

70/177

(40.0)

HIBISCUS1,

NCT02163759

(Rubin et al. 2022

[28])

W10 PBO 5/72

(6.9)

N/A 16/72

(22.2)

10/62

(16.1)

26/62

(41.9)

2/62

(3.2)

7/72

(9.7)

ADA 32/142

(22.5)

N/A 47/142

(33.1)

34/142

(23.9)

61/142

(43.0)

3/142

(2.1)

17/142

(12.0)

HIBISCUS2,

NCT02171429

(Rubin et al. 2022

[28])

W10 PBO 8/72

(11.1)

N/A 22/72

(30.6)

13/62

(21.0)

14/72

(19.4)

5/72

(6.9)

13/72

(18.1)

ADA 35/143

(24.5)

N/A 61/142

(43.0)

50/114

(43.9)

23/143

(16.1)

3/143

(2.1)

18/143

(12.6)

Abbreviations: ADA; adalimumab, n; the number of patients, N/A; not applicable, NR; not reported, PBO; placebo, TEAE; treatment emergent adverse event, TESAE;

treatment emergent serious adverse event, UST; ustekinumab, VDZ; vedolizumab, W; week.

*Safety results were assessed at the end of study visit or at the end of the maintenance phase.

https://doi.org/10.1371/journal.pone.0293655.t002
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Table 3. Network meta-analysis results of efficacy outcome.

Maintenance of Histologic remission

Induction of Histologic remission VDZ I, M 2.40 [0.50, 11.9] 1.66 [0.14, 23.5] 4.34 [0.59, 35.0]

1.81 [0.50, 6.31] ADA 0.692 [0.03,15.3] 2.60 [0.52, 13.2]

2.29 [0.30, 18.2] 1.25 [0.26, 6.25] UST 1.78 [0.14, 23.8]

4.19 [0.82, 20.0] 2.32 [0.86, 6.12] 1.85 [0.50, 6.60] PBO

Maintenance of Clinical remission

Induction of Clinical

remission

VDZ M 1.39 [0.64, 2.89] 1.69 [0.42, 5.77] 4.21 [2.10, 7.68]

1.30 [0.69, 2.32] ADA 1.23 [0.33, 4.29] 3.08 [1.40, 6.00]

0.82 [0.27, 2.44] 0.63 [0.22, 1.86] UST I 2.51 [0.84, 7.86]

2.66 [1.48, 4.85] 2.05 [1.35, 3.24] 3.26 [1.31, 8.66] PBO

Maintenance of Corticosteroid-free remission

Induction of Corticosteroid-free remission ADA M 1.17 [0.36, 3.02] 1.17 [0.23, 6.30] 2.77 [1.01, 7.53]

N/A VDZ 1.00 [0.22, 5.65] 2.39 [1.04, 6.25]

N/A N/A UST 2.35 [0.60, 9.30]

N/A N/A N/A PBO

Maintenance of Endoscopic remission

Induction of Endoscopic

remission

VDZ M 1.56 [0.29, 7.90] 1.78 [0.67, 4.78] 4.06 [1.85, 9.00]

0.75 [0.34, 1.63] UST I 1.14 [0.20, 6.21] 2.60 [0.60, 11.2]

1.09 [0.58, 1.97] 1.45 [0.71, 2.86] ADA 2.30 [0.90, 5.58]

1.73 [1.04,2.89] 2.31 [1.22, 4.37] 1.60 [1.18, 2.22] PBO

Abbreviations: ADA; adalimumab, N/A; not applicable PBO; placebo, UST; ustekinumab, VDZ; vedolizumab.

Note: Comparison should be read from left to right. Bold numbers with highlighted background are statistically significant.
I: The 1st rank drug of induction phase.
M: The 1st rank drug of maintenance phase.

https://doi.org/10.1371/journal.pone.0293655.t003

Table 4. Network meta-analysis results of safety outcome.

Maintenance of TEAE

Induction of TEAE UST M 0.91 [0.42, 2.00] 0.79 [0.31, 1.94] 0.72 [0.30, 1.83]

1.11 [0.68, 1.77] PBO 0.87 [0.51, 1.34] 0.79 [0.49, 1.24]

1.20 [0.55, 2.62] 1.08 [0.59, 2.07] VDZ I 0.92 [0.55, 1.60]

1.25 [0.71, 2.09] 1.12 [0.86, 1.46] 1.04 [0.51, 2.00] ADA

Maintenance of TESAE

Induction of TESAE UST I, M 0.88 [0.37, 2.00] 1.24 [0.49, 3.39] 0.76 [0.29, 1.93]

0.48 [0.15, 1.54] PBO 0.92 [0.56, 1.48] 0.87 [0.55, 1.36]

0.36 [0.05, 2.57] 0.76 [0.15, 3.20] VDZ 0.95 [0.59, 1.52]

0.86 [0.23, 3.49] 1.83 [0.98, 3.45] 2.40 [0.51, 15.2] ADA

Maintenance of Infection

Induction of Infection PBO M 1.11 [0.56, 2.15] 1.40 [0.92, 2.20] 1.51 [0.97, 2.42]

1.04 [0.57, 1.87] UST 1.31 [0.54, 3.21] 1.47 [0.62, 3.45]

0.96 [0.54, 1.74] 0.92 [0.48, 1.82] ADA I 1.11 [0.67, 1.92]

1.23 [0.53, 3.05] 1.19 [0.43, 3.47] 1.30 [0.52, 3.28] VDZ

Abbreviations: ADA; adalimumab, PBO; placebo, TEAE; treatment emergent adverse event, TESAE; treatment

emergent serious adverse event, UST; ustekinumab, VDZ; vedolizumab.

Note: Comparison should be read from left to right.
I: The 1st rank drug of induction phase.
M: The 1st rank drug of maintenance phase.

https://doi.org/10.1371/journal.pone.0293655.t004
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arms within the study were similar, but the one between studies were varied. There were het-

erogeneities in definition and index of histologic remission. Although the current definition of

histologic remission is not clear, they all included the findings of the absence of neutrophils in

epithelium as well as erosion or ulceration. Definition of histologic remission used in VDZ

studies was the most conservative. In all selected studies, the diagnosis criteria for moderate to

severe UC and efficacy endpoints used in this study could not reflected the latest established

recommendation. Diagnosis for moderate to severe UC and clinical remission was defined by

not modified Mayo score but original Mayo score, including physician’s global assessment.

Corticosteroid-free remission also did not include pre-specified duration for corticosteroid-

free before assessment. Lastly there was a limitation in general safety analysis. In this analysis,

only infections that required close monitoring due to the association of biologic therapy was

included. AEs of special interest other than infection were not included in this analysis due to

the data limitation and very small number of events. In other words, the safety results of this

analysis need attention in interpretation including comprehensive safety results, regardless of

their causal relationship to drugs from the analysis. Furthermore, considering that the protocol

was developed during the paper submission process after the completion of this study, the

potential biases arising from the absence of a protocol in this study also serve as limitations of

the present research.

However, the significance of this study lies in the fact that it is the first study to attempt an

indirect comparison of histologic remission of biologics agents in UC, using NMA. This analy-

sis is anticipated to provide more specific and reliable evidence for selecting drugs to be com-

pared in the head-to-head study of biologics, as well as serve as a resource for moderate to

severe UC treatment decisions in the real world. If future research is conducted to address the

limitations of this study, it will be possible to obtain stronger evidence for the selection of bio-

logics when histologic remission is the primary treatment objective. As histologic remission is

the efficacy endpoint for all currently unapproved drugs, it is also anticipated that this study

can be used to appropriately compare the efficacy of the conventional treatment with novel

agents.
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