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Abstract
Background  Targeting interleukin-23 (IL-23) is an important therapeutic strategy for Crohn’s disease (CD).
Aims  This systematic review and meta-analysis assessed the efficacy and safety of selective IL-23p19 and IL-12/23p40 
inhibitors in patients with moderate-to-severe CD.
Methods  MEDLINE, Embase, and the Cochrane library (CENTRAL) were searched from inception to May 24, 2023, for 
randomized, placebo- or active comparator-controlled induction and/or maintenance trials of selective IL-23p19 and IL-
12/23p40 inhibitors in pediatric and adult patients with CD. The primary outcome was the proportion of patients in clinical 
remission. Secondary outcomes were clinical response, endoscopic remission, endoscopic response, and safety. Data were 
pooled using a random-effects model. Risk of bias and certainty of evidence were assessed using the Cochrane risk of bias 
tool and the GRADE criteria, respectively.
Results  Eighteen trials (n = 5561) were included. Most studies were rated as low risk of bias. Targeting IL-23 was sig-
nificantly superior to placebo for inducing clinical (risk ratio [RR] = 1.87, 95% confidence interval [CI] 1.58–2.21) and 
endoscopic (RR = 3.20, 95%CI 2.17–4.70) remission and maintaining clinical remission (RR = 1.39, 95%CI 1.10–1.77) 
(GRADE high certainty evidence for all outcomes). Subgroup analysis showed that targeting IL-23 was superior to placebo 
for inducing clinical remission in biologic-naïve (RR = 2.20, 95%CI 1.46–3.32, I2 = 0%, p = 0.39) and biologic-experienced 
patients (RR = 1.82, 95%CI 1.27–2.60, I2 = 56.5%, p = 0.01). Targeting IL-23 was associated with a decreased risk of serious 
adverse events in induction (RR = 0.55, 95%CI 0.44–0.73) and maintenance (RR = 0.72, 95%CI 0.53–0.98) trials compared 
to placebo (high certainty evidence).
Conclusion  Targeting IL-23 is effective and safe for inducing and maintaining clinical and endoscopic remission in patients 
with moderate-to-severe CD.
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Risankizumab
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RCT​	� Randomized controlled trial
RIS	� Risankizumab
RR	� Risk ratio
SES-CD	� Simple endoscopic score for Crohn’s disease
SF	� Stool frequency
TNF	� Tumor necrosis factor
UST	� Ustekinumab

Introduction

Crohn’s disease (CD) is a chronic immune-mediated inflam-
matory disease (IMID) resulting from complex environmen-
tal interactions in genetically susceptible individuals. The 
introduction of infliximab as the first tumor necrosis factor 
alpha (TNF-α) antagonist nearly 25 years ago revolution-
ized the management of moderate-to-severely active CD 
[1]. While TNF-α antagonists are highly effective, approxi-
mately one-third of patients are primary non-responders 
to induction therapy, half of patients who have an initial 
response may lose response over time, and most patients do 
not achieve the guideline-recommended therapeutic target 
of endoscopic remission with anti-TNF therapy [1–3]. Thus, 
new approaches are needed.

Interleukin (IL)-23 is a critical inflammatory mediator, 
responsible for differentiation and expansion of the proin-
flammatory Th17 subset of CD4 + T-cells. In genome-wide 
association studies, IL-23 receptor (IL-23R) variants are 
strongly associated with the development of CD [4] and 
a recent study showed that patients refractory to TNF-α 
antagonists demonstrate immunological escape through 
increased expression of IL-23R on mucosal TNFR2 express-
ing CD4 + cells, indicating a potential therapeutic role for 
targeting IL-23 in this population [5]. IL-23 has 2 subunits 
(p40 and p19). Monoclonal antibodies targeting the shared 
p40 subunit block both IL-12 and IL-23 [6]. Ustekinumab 
was the first biologic targeting IL-12/23p40 approved for 
CD treatment, after pivotal phase III trials demonstrated 
superiority of ustekinumab over placebo for achieving and 
maintaining clinical remission (UNITI I and II and IM-
UNITI) [7]. A subsequent head-to-head randomized con-
trolled trial (RCT) of ustekinumab compared with adali-
mumab showed no difference in clinical remission rates at 
week 52 in patients with biologic-naïve CD [8]. However, 
in other IMIDs, such as psoriasis, targeting IL-23 specifi-
cally via the p19 subunit has resulted in significantly higher 
response rates compared to either TNF-α antagonists or 
ustekinumab [9, 10]. Accordingly, there has been substantial 
interest in developing IL-23p19 antagonists for CD, several 
RCTs investigating these agents have been reported, and the 
first agent in this class has recently been approved for CD 
(risankizumab) [11].

Given the expanding therapeutic armamentarium in 
CD and to better understand the efficacy and safety of IL-
12/23p40 and IL-23p19 antagonists, we conducted a system-
atic review and meta-analysis of all RCTs evaluating these 
agents in moderate-to-severe CD.

Methods

This systematic review is reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Statement [12].

Selection Criteria

We included phase II and III RCTs of pediatric and adult 
patients with moderate-to-severe CD that compared anti-
IL-12/23p40 (e.g., ustekinumab, briakinumab, apilimod 
mesylate) or anti-IL-23p19 (e.g., brazikumab, risankizumab, 
guselkumab, mirikizumab) to placebo or an active compar-
ator. Clinical, endoscopic, biomarker, quality of life, and 
safety outcome data were collected for both induction and 
maintenance studies.

Data Sources, Search Strategy, and Study Selection

MEDLINE, Embase, and the Cochrane CENTRAL Reg-
ister of Controlled Trials were searched to May 24, 2023 
(Supplementary Appendix 1). Two authors (SKV and AZ) 
independently performed title and abstract review to iden-
tify relevant studies. Full-text review determined eligibil-
ity according to pre-specified criteria. Discrepancies were 
resolved through discussion with a third author (JKM). The 
bibliographies of included studies, relevant review articles, 
and abstracts from conference proceedings (2010–2023) 
were manually searched for additional studies.

Data Abstraction and Quality Assessment

Data pertaining to study characteristics, participants, inter-
ventions, comparators, and outcomes were extracted by 2 
independent investigators (SKV and AZ). Discrepancies 
were resolved through discussion with a third author (JKM). 
Risk of bias was assessed using the Cochrane risk of bias 
tool [13]. The GRADE approach was used to assess the cer-
tainty of evidence for primary and secondary outcomes [14]. 
Results from RCTs were initially considered high quality, 
but potentially downgraded due to risk of bias, indirectness 
of evidence, unexplained heterogeneity, publication bias, or 
sparse data/imprecision.
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Outcomes

The primary outcome was the proportion of patients achiev-
ing or maintaining clinical remission at study endpoint, as 
defined by the original studies. If data from multiple time 
points were reported, data were extracted at 8 weeks for 
induction (range: week 6–16) and 52 weeks for maintenance 
(range: week 24–52) trials. Secondary outcomes included 
the proportion of patients achieving or maintaining clinical 
response, patient-reported outcome (PRO)-defined response 
or remission, endoscopic response, endoscopic remission, 
and ulcer-free endoscopy (i.e., mucosal healing), as defined 
by the original trial. Quality of life, adverse events (AEs), 
serious adverse events (SAEs), and withdrawal due to 
adverse events were also secondary outcomes. Subgroup 
analyses based on IL-12/23p40 vs. IL-23p19 inhibitors and 
prior exposure to biologics were performed.

Statistical Analysis

Pooled risk ratios (RRs) and corresponding 95% confidence 
intervals (CIs) were calculated using a random-effects 
model to account for between- and within-study heteroge-
neity, given differences in trial design and patient popula-
tions. Effect sizes were only pooled if there were 3 or more 
studies available per outcome. Data were analyzed on an 
intention-to-treat basis; patients lost to follow-up or excluded 
for other reasons were deemed treatment failures. Between-
study heterogeneity was assessed using the I2 statistic [15]. 
All analyses were performed using the ‘metafor’ package R 
(version 4.0.1).

Results

Search Results and Included Studies

After removing duplicates, 5082 records were screened and 
294 citations were selected for full-text review. A total of 
29 records reporting data from 18 RCTs (n = 5561) were 
included (Fig. 1).

Study Characteristics and Outcomes

Characteristics of the included studies are reported in 
Table 1. Ten of the included studies evaluated IL-12/23p40 
inhibitors (ustekinumab, briakinumab, and apilimod 
mesylate) and 8 studies evaluated IL-23p19 inhibitors (brazi-
kumab, risankizumab, guselkumab, and mirikizumab). Two 
trials were not placebo controlled and thus, were not 
included in the quantitative analysis [8, 16]. Of the remain-
ing 16 RCTs, 8 were induction studies [7, 17–21], 2 were 
induction responder re-randomization maintenance studies 

[7, 22], and 6 studies included both induction and main-
tenance phases [23–28]. In the maintenance phase of the 
SERENITY study, all patients received both placebo and 
the study drug in a double-dummy design to maintain study 
blinding; hence, the maintenance data were not included in 
the quantitative analysis. Of the 18 trials, 7 recruited pre-
dominantly biologic-experienced patients (proportion of bio-
logic-experienced patients: 91–100%) [7, 16, 19, 21, 25, 27], 
10 recruited both biologic-experienced and biologic-naïve 
patients (29–76%) [7, 17, 18, 20, 21, 24, 26, 28], and 1 trial 
recruited exclusively biologic-naïve patients [8]. Nine stud-
ies permitted previous exposure to TNF-α antagonists and 5 
studies permitted previous exposure to either TNF-α antago-
nists or anti-integrin agents. Only the phase III risankizumab 
trials allowed previous exposure to ustekinumab [21, 22].

Clinical remission (CDAI score < 150) was assessed 
at weeks 6 to 16 in the induction studies and at weeks 24 
to 52 in the maintenance studies. Among the 7 induction 
studies that reported on endoscopic outcomes, all except 1 

Fig. 1   PRISMA flow diagram
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Table 1   Baseline characteristics of the included studies

ADA adalimumab, AM apilimod mesylate, BRA brazikumab, BRI briakinumab; GUS guselkumab, MIR mirikizumab, NA not applicable, PBO 
placebo, RIS risankizumab, UST ustekinumab

Study ID Number of 
participants

Intervention (n) 
comparator (n)

Trial 
phase

Induction/
mainte-
nance

Sex Disease location Ileum/
colon/ ileocolonic

Concomitant 
steroids

Concomitant 
immunosup-
pressants

Prior biologic 
exposure

Mannon 2004 [17] Total = 79
BRA:63 

PBO:16

Briakinumab
Placebo

II Induction M:33%
F: 67%

BRI: 22%/32%/46%
PBO: 50%/25%/25%

BRI: 25%
PBO: 37.5%

BRI: 38%
PBO: 12.5%

BRI: NA
PBO: NA

Sandborn 2008 
[18]

Total = 104
UST:51
PBO:53

Ustekinumab
Placebo

II Induction M:55%
F:45%

UST: 78.4%/55%/-
PBO:75.4%/64%/-

UST:33.3%
PBO:30.2%

UST:29.4%
PBO:37.7%

UST:41%
PBO:51%

Sands 2010 [24] Total = 220
AM:137
PBO:73

Apilimod 
mesylate

Placebo

II Induction 
Mainte-
nance

M:39.5%
F:60.5%

AM:NA
PBO:NA

AM:11.5%
PBO:19%

AM:4.0%
PBO:1.0%

AM:62.5%
PBO:52%

Sandborn 2012 
[25] (CERTIFI)

Total = 526
UST:394
PBO:132

Ustekinumab
Placebo

II Induction 
Mainte-
nance

M:41.3%
F:58.8%

UST:NA
PBO:NA

UST:48%
PBO:55.3%

UST:24.4%
PBO:22.7%

UST:100%
PBO:100%

Panaccione 2015 
[26]

Total = 246
BRI:200
PBO:46

Briakinumab
Placebo

II Induction 
mainte-
nance

M:33.7%
F:66.3%

BRI:71.7%/63%/-
PBO:67.4%/58.7%/-

BRI:46.2%
PBO:47.8%

BRI:20%
PBO:21.7%

BRI:73.9%
PBO:75.5%

NCT02574637 
[23]

Total = 29
BRA:24
PBO:5

Brazikumab
Placebo

II Induction 
mainte-
nance

M:42.8%
F:57.2%

BRA:NA
PBO:NA

BRA:NA
PBO:NA

BRA:NA
PBO:NA

BRA:100%
PBO:100%

Feagan 2016 [7]
(UNITI-1)

Total = 741
UST: 494
PBO:247

Ustekinumab
Placebo

III Induction 
mainte-
nance

M: 42.8%
F:57.2%

UST:15.2%/15.4%/69.2%
PBO: 11.4%/19.5%/67.5%

UST:46.3%
PBO:44.9%

UST:30.7%
PBO:32.8%

UST:99.0%
PBO:99.6%

Feagan 2016 [7]
(UNITI-2)

Total = 628
UST:418
PBO:210

Ustekinumab
Placebo

III Induction 
mainte-
nance

M:46.6%
F:53.4%

UST:24.5%/20.8%/54.2%
PBO:21%/17.6%/61.4%

UST:41.2%
PBO:35.7%

UST:35%
PBO:34.8%

UST:29.2%
PBO:37.6%

Feagan 2016 [7]
(IM-UNITI)

Total = 397
UST:264
PBO:133

Ustekinumab
Placebo

III Mainte-
nance

M:43.5%
F:56.5%

UST:17%/19.7%/63.2%
PBO:14.3%/21.1%/64.6%

UST:46.2%
PBO:44.4%

UST:36.3%
PBO:35.3%

UST:60.2%
PBO:60.9%

Feagan 2017 [19] Total = 121
RIS:82
PBO:39

Risankizumab
Placebo

II Induction M:38.8%
F:61.2%

RIS:20%/50%/29%
PBO:13%/41%/46%

RIS:20%
PBO:15%

RIS:15%
PBO:21%

RIS:92.7%
PBO:95%

Sands 2017 [27] Total = 121
BRA:60
PBO:61

Brazikumab
Placebo

II Induction 
mainte-
nance

M:37.8%
F:62.2%

BRA:23.7%/27.1%/47.5%
PBO:30%/30%/40%

BRA:40.7%
PBO:40%

BRA:30.5%
PBO:23.3%

BRA:100%
PBO:100%

Sands 2022 [28] 
(SERENITY)

Total = 191
MIR:127
PBO:64

Mirikizumab
Placebo

II Induction 
mainte-
nance

M:48.7%
F:51.3%

MIR:16%/39.4%/43.3%
PBO:17.2%/39.1%/43.8%

MIR:28.3%
PBO:32.8%

MIR:33.8%
PBO:29.7%

MIR:60.6%
PBO:67.2%

Sandborn 2022 
[20] (GAL-
AXI-1)

Total = 309
GUS:185
PBO:61
UST:63

Guselkumab
Placebo

II Induction M:59.2%
F:40.8%

GUS:32.4%/41.1%/26.5%
PBO:26.2%/42.6%/69.9%

GUS:34.1%
PBO:39.3%

GUS:31.4%
PBO:42.6%

GUS:60%
PBO:68.9%

D'Haens 2022 [21] 
(ADVANCE)

Total = 850
RIS:675
PBO:175

Risankizumab
Placebo

III Induction M:54%
F:46%

RIS:15%/36%/50%
PBO:11%/40%/49%

RIS:30%
PBO:29%

RIS:24%
PBO:24%

RIS:58%
PBO:55%

D'Haens 2022 [21] 
(MOTIVATE)

Total = 569
RIS:382
PBO:187

Risankizumab
Placebo

III Induction M:51%
F:49%

RIS:14%/39%/47%
PBO:14%/39%/47%

RIS:34%
PBO:36%

RIS:23%
PBO:21%

RIS:100%
PBO:100%

Rosh 2021 [16] 
(UNISTAR)

Total = 44
UST (3 mg/

kg):
UST (9 mg/

kg):

Ustekinumab 
(3 mg/kg)

Ustekinumab 
(9 mg/kg)

I Induction 
mainte-
nance

M:41%
F:59%

UST (3 mg/
kg):17%/35%/48%

UST (9 mg/
kg):5%/30%/65%

UST (3 mg/
kg):30%

UST (9 mg/
kg):33%

UST (3 mg/
kg):30%

UST (9 mg/
kg):48%

UST (3 mg/
kg):91%

UST (9 mg/
kg):91%

Sands 2022 [8] 
(SEAVUE)

Total = 386
UST:191
ADA:195

Ustekinumab
Adalimumab

III Induction 
mainte-
nance

M:48%
F:52%

UST:32%/14%/54%
ADA:28%/17%/53%

UST:22%
ADA:24%

UST:NA
ADA:NA

UST:0%
ADA:0%

Ferrante 2022 [22] 
(FORTIFY)

Total = 462
RIS:292
PBO:164

Risankizumab
Placebo

III Mainte-
nance

M:51.5%
F:48.5%

RIS:10%/43.2%/46.6%
PBO:14%/38%/48%

RIS:31.2%
PBO:31%

RIS:21.2%
PBO:24%

RIS:72.2%
PBO:75%



3706	 Digestive Diseases and Sciences (2023) 68:3702–3713

1 3

used SES-CD-based definitions. Most commonly, an SES-
CD score ≤ 2 was used to define endoscopic remission and 
a ≥ 50% reduction from baseline was used to define endo-
scopic  response.

Risk of Bias and Overall Quality of Evidence

All the studies were rated as having low or unclear risk of 
bias, except for NCT02574637 [23], which was rated as high 
risk of bias for “other sources of bias” (study was terminated 
early and only descriptive efficacy endpoints were reported, 
Supplementary Table 2). The results of the GRADE analyses 
are reported in Supplementary Tables 3 and 4.

Efficacy of IL‑12/23p40 and IL‑23p19 Antagonists 
as Induction Therapy

Clinical Outcomes

A total of 31.5% (1057/3349) of patients receiving an IL-
12/23p40 or IL-23p19 inhibitor achieved clinical remission 
compared to 15.7% (224/1427) of patients assigned to pla-
cebo (RR 1.91, 95% CI 1.62–2.26, 15 studies, I2 = 27.5%, 
high certainty evidence; Fig. 2a). On subgroup analysis, 
there was no significant difference in the proportion of par-
ticipants treated with an IL-12/23p40 antagonist achieved 
clinical remission (23.9%, 434/1815) compared to partici-
pants receiving an IL-23p19 inhibitor (37.6%, 1057/3349) 
(RR 0.87, 95% CI 0.61–1.24, p = 0.43; Supplementary 
Fig. 1; Supplementary Table 5).

Forty-nine percent (1636/3348) of patients treated with 
an IL-12/23p40 or IL-23p19 antagonist had a clinical 
response (> 100-point reduction in CDAI score from base-
line or a CDAI score < 150) compared with 27% of patients 
receiving placebo (381/1427). This difference was statisti-
cally significant (RR 1.77, 95% CI 1.49–2.11, 14 studies, 
I2 = 54.3%, moderate certainty of evidence; Fig. 2b). On 
subgroup analysis, clinical response was achieved by 40.5% 
(735/1814) and 48.8% (1636/3348) of patients treated with 
an IL-12/23p40 and IL-23p19 antagonist, respectively (RR 
0.87, 95% CI 0.62–1.21, p = 0.41; Supplementary Fig. 2; 
Supplementary Table 5).

In subgroup analysis based on prior exposure to biolog-
ics, IL-12/23p40 and IL-23p19 antagonists were superior 
to placebo for inducing clinical remission (RR 2.20, 95% 
CI 1.46–3.32, I2 = 0%, p = 0.39; high certainty evidence; 
Supplementary Fig. 3) and clinical response (RR 1.39, 
95% CI 1.05–1.83, I2 = 45.6%; high certainty evidence; 
Supplementary Fig. 4) in biologic-naïve patients. Simi-
larly, IL-12/23p40 and IL-23p19 agents were superior to 
placebo for inducing clinical remission (RR 1.82, 95% CI 
1.27–2.60, I2 = 56.5%; moderate certainty evidence; Supple-
mentary Fig. 5) and response (RR 1.85, 95% CI 1.64–2.09, 

I2 = 41.1%; moderate certainty evidence; Supplementary 
Fig. 6) in biologic-experienced patients.

The UNISTAR study was the only pediatric RCT identi-
fied. This was a phase I pharmacokinetic study evaluating 2 
doses of ustekinumab. At 16 weeks, 22% of patients in the 
low-dose arm (3 mg/kg or 130 mg) and 29% of patients in 
the high-dose arm (9 mg/kg or 390 mg) achieved clinical 
remission.

Endoscopic Outcomes

Overall, 19.2% (312/1620) of patients receiving an IL-
12/23p40 or IL-23p19 inhibitor achieved endoscopic remis-
sion compared to 5.1% (34/664) patients receiving placebo 
(RR 3.20, 95% CI 2.24–4.57, 7 studies, I2 = 0%, high cer-
tainty evidence; Fig. 3a). The pooled analysis showed 33.2% 
(554/1669) and 15.8% (242/1534) had endoscopic response 
(RR 2.55, 95% CI 1.90–3.42, I2 = 32.8%, high certainty evi-
dence; Fig. 3b) and ulcer-free endoscopy, respectively (RR 
2.77, 95% CI 1.93–3.98, I2 = 0%, moderate certainty evi-
dence; Supplementary Fig. 7) compared to 11.8% (81/684) 
and 5.1% (31/609) in patients receiving placebo.

Treatment with IL-12/23p40 antagonists was not superior 
to placebo for inducing endoscopic remission or response, 
whereas treatment with IL-23p19 antagonists was signifi-
cantly better than placebo for inducing all endoscopic out-
comes. However, there was no significant difference between 
IL-12/23p40 and IL-23p19 antagonists for inducing endo-
scopic remission (RR 0.60, 95% CI 0.23–1.59, p = 0.30; 
Supplementary Table 5).

Efficacy of IL‑12/23p40 and IL‑23p19 Antagonists 
as Maintenance Therapy

Clinical Outcomes

Forty-nine percent (369/758) of participants treated with 
IL-12/23p40 or IL-23p19 antagonists maintained remission 
compared with 34.2% (148/433) of patients randomized to 
placebo (RR 1.40, 95% CI 1.17–1.69, 6 studies, I2 = 34.2%, 
high certainty evidence; Fig. 4a). Clinical response was 
maintained in 61.1% (425/695) of patients treated with 
IL-12/23p40 or IL-23p19 agents compared with 45.8 
(182/397) of participants receiving placebo (RR 1.35, 95% 
CI 1.20–1.53, 5 studies, I2 = 25.6%, Fig. 4b).

Data on clinical remission stratified by prior biologic 
exposure were available for brazikumab, risankizumab, and 
ustekinumab. Pooled analysis demonstrated overall supe-
riority in biologic-experienced patients (RR 1.39, 95% CI 
1.1–1.77, 3 studies, I2 = 28%; Supplementary Fig. 8). Two 
studies reported maintenance of clinical remission in bio-
logic-naïve patients [7, 22]. There was a numerically higher 
clinical remission rate among patients receiving active 
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treatment compared to placebo in the IM-UNITI (60.9% vs 
49%) and FORTIFY (68.7% vs 58.5%) studies.

Endoscopic Outcomes

Three maintenance studies reported endoscopic outcomes 
[7, 22, 23]. Pooled analyses showed that IL-12/23p40 and 
IL-23p19 agents were superior to placebo for maintaining 
endoscopic remission (RR 2.61, 95% CI 1.72–3.96, I2 = 0%, 
moderate certainty evidence; Supplementary Fig. 9) and 
response (RR 2.17, 95% CI 1.60–2.95, I2 = 0%, moderate 
certainty evidence; Supplementary Fig. 10). Among the 
individual agents, ustekinumab and brazikumab were not 
associated with better endoscopic outcomes compared to 
placebo. Risankizumab was superior to placebo for main-
taining endoscopic response, remission, and ulcer-free 
endoscopy.

Patient‑Reported Outcomes

Patients treated with IL-12/23p40 or IL-23p19 antagonists 
achieved statistically superior induction of Inflammatory 
Bowel Disease Questionnaire (IBDQ remission (29.7% vs 
14.2%, RR 2.01, 95% CI 1.57–2.58, 6 studies, I2 = 33.1%; 
Supplementary Fig. 11), IBDQ improvement (RR 1.49, 95% 
CI 1.39–1.61, 7 studies, I2 = 0%; Supplementary Fig. 12), 
and PRO2 remission compared to placebo (RR 2.06, 95% CI 
1.72–2.47, 6 studies, I2 = 0%; Supplementary Fig. 13) with 
high certainty evidence for all the 3 outcomes. In addition, 
treatment with IL-12/23p40 and IL-23p19 antagonists was 
superior to placebo for maintenance of IBDQ improvement 
(RR 1.36, 95% CI 1.20–1.53, 3 studies, I2 = 0%, high cer-
tainty evidence; Supplementary Fig. 14).

Safety Outcomes

Fifty-nine percent (2031/3418) of patients treated with an 
IL-12/23p40 or IL-23p19 antagonist experienced any AE 
compared to 65.1% (932/1431) of patients receiving pla-
cebo (RR 0.91, 95% CI 0.87–0.96, I2 = 0%; high certainty 
evidence Supplementary Fig.  15). Similar results were 
observed for SAEs (RR 0.55, 95% CI 0.44–0.73, I2 = 0%, 
high certainty evidence Supplementary Fig. 16). For main-
tenance trials, there was no statistically significant differ-
ence in AEs (RR 0.94, 95% CI 0.89–1.00, 6 studies, I2 = 0%, 
high certainty evidence; Supplementary Fig.  17) and a 
significantly lower risk of serious AEs (RR 0.72, 95% CI: 
0.53–0.98, I2 = 0%, moderate certainty evidence; Supple-
mentary Fig. 18) in patients treated with anti-IL-12/23p40 or 

anti-IL-23p19 agents compared to placebo. Patients receiv-
ing treatment were also less likely to withdraw due to AEs 
compared to patients receiving placebo during induction 
(RR 0.44, 95% CI 0.30–0.67, I2 = 11.3%; Supplementary 
Fig. 19), and this trend persisted but was not statistically 
significant during maintenance therapy (RR 0.53, 95% CI 
0.23–1.19, I2 = 35.4%; Supplementary Fig. 20).

Discussion

IL-12 and IL-23 play important roles in both homeosta-
sis and the inflammatory process. IL-12 mediates Th1 
CD4 + T-cell differentiation [29, 30], whereas IL-23 is the 
primary pathogenic driver of Th17-dominant inflammatory 
pathways [31]. Key findings of our analysis include moder-
ate-to-high certainty evidence supporting the superiority of 
IL-12/23p40 and IL-23p19 antagonists compared to placebo 
for inducing and maintaining clinical, endoscopic, PRO, 
and quality of life outcomes in biologic-naïve and biologic-
experienced patients. Furthermore, we show that treatment 
with agents blocking IL-23 in RCT settings is associated 
with fewer SAEs and AEs requiring treatment discontinu-
ation compared to placebo. Taken together, these findings 
can help clinicians place IL-23-targeted agents in treatment 
algorithms for CD.

We found similar clinical efficacy with ustekinumab 
and IL-23p19 antagonists, relative to placebo. However, 
in other IMIDs, targeting p19 compared to p40 has shown 
superior efficacy. Although both classes inhibit pathogenic 
IL-23, targeting p19 is generally associated with more spe-
cific and higher affinity binding [32]. For example, in the 
phase III UltIMMa-1 and UltIMMa-2 RCTs, approximately 
30% more patients treated with risankizumab achieved 90% 
improvement in the Psoriasis Area Severity Index at week 
16 compared to patients treated with ustekinumab (adjusted 
treatment differences 27.6–33.5%, p < 0.0001 in both trials) 
[9, 33]. In patients with CD the relative efficacy of IL-23p19 
antagonists and ustekinumab have been indirectly compared. 
First, in the GALAXI-I trial, similar clinical remission 
(53.0% pooled guselkumab doses vs. 46.0% ustekinumab), 
PRO2 remission (42.7% vs. 39.7%), endoscopic response 
(35.7% vs. 28.6%), and clinical biomarker response (47.0% 
vs. 46.0%) rates were observed between the guselkumab and 
ustekinumab reference arm at week 12 [20]. Similar results 
for clinical and PRO2 remission between guselkumab and 
ustekinumab at week 48 have been reported [34]. Second, 2 
independently conducted network meta-analyses found that 
treatment with risankizumab may be more likely to induce 
clinical remission in patients with moderate-to-severe CD 
compared to ustekinumab, although this difference was not 
statistically significant [3, 35].

Fig. 2   a Pooled efficacy of IL-12/23p40 and IL-23p19 antagonists for 
inducing clinical remission. b Pooled efficacy of IL-12/23p40 and IL-
23p19 antagonists for inducing clinical response

◂
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While the relative risk of achieving clinical remission 
compared to placebo was similar between ustekinumab and 
anti-IL-23-p19 agents in our analysis, we observed numeri-
cally higher rates of remission and achievement of endo-
scopic outcomes with anti-IL-23p19 treatment. Specific tar-
geting of IL-23 may achieve better endoscopic outcomes. In 
a sub-study from the UNITI trials, there was no statistically 
significant difference between ustekinumab and placebo for 
achieving week 8 endoscopic response (20.6% vs. 13.4%, 
p = 0.14), endoscopic remission (7.7% vs. 4.1%, p = 0.25), or 
ulcer-free mucosal healing (9.0% vs. 4.1%, p = 0.14) [36]. In 
contrast, phase III trials of risankizumab showed that treat-
ment with either 600 mg or 1200 mg was associated with 
significantly higher rates of endoscopic response (29–40% 
vs. 11–12%), endoscopic remission (19–24% vs. 4–9%), 
and ulcer-free endoscopy (14–21% vs. 4–8%) at week 12 
(p < 0.001 for all comparisons in both trials), and these dif-
ferences were maintained at week 52 in the FORTIFY study 
[22]. These trials also enrolled difficult-to-treat patients with 

CD who failed multiple prior biologic therapies. However, 
it should be noted that comparing endoscopic outcomes 
across CD trials is challenging and definitions of endoscopic 
remission vary [37]. The head-to-head SEQUENCE trial 
(NCT04524611) comparing risankizumab to ustekinumab 
using a primary endoscopic outcome at 1 year will provide 
more definitive answers for whether targeting IL-23p19 is a 
superior treatment strategy to targeting IL-12/23p40 in CD.

Our analysis confirms that IL-12/23p40 and IL-23p19 
antagonists are effective in biologic-naïve and biologic-
exposed populations. We found a lower risk of SAEs and 
AEs requiring treatment withdrawal compared to placebo 
in patients treated with anti-IL-12/23p40 or anti-IL-23p19 
agents, which likely relates to fewer AEs from worsen-
ing CD [38]. Although RCTs are generally underpowered 
for detecting rare AEs, five-year safety data in CD sup-
port the favorable safety profile of long-term ustekinumab 
[39]. Furthermore, a recent meta-analysis of head-to-head 
cohort studies suggests that ustekinumab is associated with 

Fig. 3   a Pooled efficacy of 
IL-12/23p40 and IL-23p19 
antagonists for inducing 
endoscopic remission. b Pooled 
efficacy of IL-12/23p40 and IL-
23p19 antagonists for inducing 
endoscopic response



3710	 Digestive Diseases and Sciences (2023) 68:3702–3713

1 3

approximately half the risk of serious infections compared to 
TNF-α antagonists [40]. Although long-term real world and 
registry-based data for IL-23p19 antagonists in CD is still 
required, integrated safety analyses in psoriasis and psoriatic 
arthritis have not identified any new or concerning safety 
signals [41, 42].

For patients with prior biologic failure, a network meta-
analysis by Barberio et al. [35] has suggested that anti-IL-23 
therapy may be the most effective strategy. It should be 
acknowledged that overall, patients enrolled in more recent 
IL-23p19 trials had more refractory disease, failed more 
prior biologics, and often demonstrated failure to multiple 
mechanisms of action beyond TNF-α antagonists alone. 
Therapeutic options in this difficult-to-treat population are 
relatively limited: although some patients with prior TNF-α 
antagonist failure may benefit from trialing a different anti-
TNF-α agent, response rates are generally low [43] and in 
the GEMINI-3 trial, vedolizumab was not more effective 
than placebo for inducing clinical remission at week 6 in 
patients with CD and prior TNF-α antagonist failure [44].

Our study has some important strengths. We summa-
rize all the phase II and III clinical trial data for targeting 
IL-23 in adult patients and generate estimates of treatment 
efficacy and safety across different disease populations by 

biologic exposure. These data will help inform the relative 
positioning of IL-23 antagonists in clinical care. However, 
we also acknowledge some limitations. First, although there 
was low statistical heterogeneity for most outcomes, there 
were differences in trial design, inclusion criteria, and out-
come definitions. Therefore, we generated conservative 
effect size estimates using random-effects rather than fixed-
effects models. Nevertheless, we recognize that differences 
in baseline populations are likely to persist. For example, 
even though recent trials enrolled patients using endoscopy, 
the baseline endoscopic requirements varied from an SES-
CD ≥ 3 to ≥ 7 for ileocolonic disease. Additionally, PROs 
have been recently introduced for enrollment and outcome 
assessment, although our analyses of clinical remission 
defined by CDAI and PROs were consistent. Second, there 
were insufficient data on biomarkers, such as fecal calprotec-
tin and C-reactive protein. Third, except for risankizumab, 
most data for anti-IL-23p19 agents were from phase II trials.

In conclusion, biologics targeting IL-23 are effective and 
safe for inducing and maintaining clinical and endoscopic 
remission and for improving patient quality of life. These 
therapies have an important role in the management of 
biologic-naïve and biologic-experienced patients with CD, 
but future head-to-head controlled studies are required to 

Fig. 4   a Pooled efficacy of 
IL-12/23p40 and IL-23p19 
antagonists for maintaining clin-
ical remission. b Pooled efficacy 
of IL-12/23p40 and IL-23p19 
antagonists for maintaining 
clinical response
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better inform the relative positioning of these drugs for the 
management of CD.
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