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Abstract

Although the therapeutic armamentarium of Inflammatory bowel diseases (IBD)

physicians has expanded rapidly in recent years, a proportion of patients remain

with a suboptimal response to medical treatment due to primary no response, loss of

response or intolerance to currently available drugs. Our growing knowledges of

IBD pathophysiology has led to the development of a multitude of new therapies

over time, which may, 1 day, be able to address this unmet medical need. This review

aims to provide physicians an update of emerging therapies in IBD by focusing on

drugs currently in phase 3 clinical trials. Among the most promising molecules are

anti‐IL‐23, JAK‐inhibitors, anti‐integrins and S1P modulators. While the results in

terms of efficacy and safety are fairly clear for some classes, the question of safety

remains more uncertain for other classes. Molecules at a more preliminary stage of

development (phase 1 and 2), one of which may 1 day offer an optimal benefit‐risk
ratio, will also be presented as well as their respective mechanisms of action.
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INTRODUCTION

Inflammatory bowel diseases (IBD) are chronic inflammatory disor-

ders of the gastrointestinal tract, which encompass two main en-

tities, namely ulcerative colitis (UC) and Crohn's disease (CD).

Evolving by relapses interspersed with periods of remission, these

conditions generally require long‐term treatments to not only

induce remission but also maintain it, in order to avoid the occur-

rence of complications over the years. To date, a series of biologics

and small molecules are available for the treatment of IBD, including

anti‐tumour necrosis factor‐α or tumour necrosis factor alpha (TNF‐
α) (such as infliximab (IFX),1,2 adalimumab,3 certolizumab pegol4 and

golimumab(GOL)5), anti‐integrin α4β7 (vedolizumab),6,7 anti‐
interleukin (interleukin)‐12/23 (ustekinumab ,UST),8 Janus kinase
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(JAK) inhibitors in UC (such as tofacitinib and filgotinib),9,10 as well

as sphingosine‐1 phosphate (S1P) receptor modulator, for the

treatment of moderately to severely active UC, which is approved

by the United States (US) Food and Drug Administration since May

2021 and available in US.11

Despite these plentiful therapeutic options, a suboptimal

response to medical therapy (due to primary non response, second-

ary loss of response or intolerance to currently available treatments),

remains a significant issue for a proportion of patients.12 Our

expanding knowledges of the IBD pathophysiology has led to the

development of a multitude of new therapies over time, which could,

1 day, be able to tackle this unmet medical need. The mechanisms

targeted by these new therapeutic options include anti‐IL, new JAK

inhibitors, therapies interfering with T‐cell trafficking such as anti‐
integrins (preventing the migration of lymphocytes from the blood

vessels to the gut) or sphingosine‐1‐phosphate (S1P) modulators

(blocking lymphocytes in the lymph nodes) and toll like receptor

(TLR) agonist, among many others.

This review aims to present promising molecules for the treat-

ment of IBD, their mechanism of action as well as results in terms of

effectiveness and safety when available. We will mainly focus on

molecules currently being evaluated in phase 3 clinical trials (CTs)

and will then describe, more briefly, drugs (and their respective

targets) currently being evaluated in phase 1 and 2 CTs.

METHODS

An exhaustive search was conducted using ClinicalTrials.gov up to 30

June 2022, to identify IBD drugs whose development is still in

progress (in a phase 1, 2 or 3 CT). A comprehensive literature search

was then performed using Medline, Embase and ClinicalTrials.gov, to

identify relevant studies for these drugs (reporting results of

assessment of their efficacy and safety), published in English. This

was performed using the following terms (alone or matched with the

Boolean operators AND or OR) “inflammatory bowel disease”,

“Crohn's disease”, “ulcerative colitis”, “clinical trial” in combination

with each drug identified through ClinicalTrials.gov, separately. In

addition, we manually reviewed the abstracts from major gastroen-

terology conferences (Digestive Disease Week, United European

Gastroenterology, European Crohn's and Colitis Organisation) to

include pertinent information. For molecules currently in develop-

ment in a phase 3 CT, studies or abstracts reporting the results of

phase 2, 3 and real‐world studies were included. For molecules

currently in development in a phase 1 or 2 CT, only studies reporting

the results of the most advanced published phase have been included

and reported. Studies related to cell and faecal therapies, treatments

for perianal disease alone, treatment for analgesic purposes, those

evaluating colonoscopy preparations, those evaluating assessment

tools, dietary supplements, but also studies in withdrawal or termi-

nated status (whatever the reason), leading to a cessation of the

molecule development (after verification on the sponsor's website)

were excluded.

RESULTS

Many therapies are currently being evaluated in IBD, either in phase

1, 2 or 3 CTs in UC and CD (Figure 1a and b, respectively). Table 1

(for UC) and 2 (for CD) resume the results (in terms of efficacy and

safety) of phase 2,3 and real‐world studies of the molecules currently

under assessment in an IBD phase 3 study. Table 3 shows data for

molecules currently being evaluated in a phase 1 or 2 study in IBD.

DRUG BEING EVALUATED IN A PHASE 3 CLINICAL
TRIAL

Anti‐IL‐23

IL‐23 is a pro‐inflammatory cytokine, composed of 2 subunits (p19,

specific to IL‐23 and p40, common to IL‐12), playing a key role in

IBD.13,14 Although UST (an inhibitor of p40 subunit) has been shown

to be effective in IBD,8 the p19 antagonists (selective IL‐23 in-

hibitors) have proven to be more effective than UST in other

immune‐mediated conditions, leading us to evaluate them in IBD.15,16

Four IL‐23 p19 inhibitors are currently being evaluated in IBD:

risankizumab, guselkumab, brazikumab and mirikizumab.

Risankizumab (BI655066/ABBV066) is an IgG1 monoclonal

antibody.17 In moderately to severely active CD, the two phase 3

induction studies (ADVANCE and MOTIVATE) demonstrated that

risankizumab (600 or 1200 mg, administered intravenously or IV at

weeks 0,4 and 8) was superior to placebo ,PBO to induce all copri-

mary endpoints (clinical remission and endoscopic response) at week

12 (p‐values ≤0.0001).18 In ADVANCE (included biologic‐naïve or

experienced patients), clinical remission and endoscopic response

rates were, respectively, 45% and 40% with risankizumab 600 mg,

42% and 32% with risankizumab 1200 mg versus 25% and 18% with

PBO.18 In MOTIVATE (included biologic‐experienced patients), clin-

ical remission and response rates were, respectively, 42% and 29%

with risankizumab 600 mg, 40% and 34% with risankizumab 1200 mg

and 20% and 11% with PBO.18 All secondary endpoints (stool fre-

quency and abdominal pain score clinical remission, clinical response,

endoscopic remission and ulcer free endoscopy) were also achieved

at week 12, with a rapid improvement (as early as week 4).17–20

Continued maintenance therapy with risankizumab (180 or 360 mg

subcutaneously or SC every 8 weeks) led to significantly higher rates

of clinical remission (55% with 180 mg (p = 0.0031), 52% with

360 mg (p = 0.0054) versus. 41% with PBO) and endoscopic response

(47% with 180 and 360 mg (p < 0.0001 for both) versus. 22% with

PBO) at week 52. Risankizumab was also able to achieve higher rate

of patients with clinical response, endoscopic remission,21 cortico-

steroids ,CS‐free remission,22 higher improvement of biomarkers (hs‐
CRP and fecal calprotectin),23 and reductions in hospitalizations and

surgeries at week 52 compared to withdrawal/PBO.21,24 Patients

without prior bio‐failure (53.8% of patients with endoscopic response

at week 52 compared to 43.7% of patients with a biologic experi-

ence), with any colonic involvement (p < 0.001) and with short CD
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F I G U R E 1 UC (a) and Crohn's disease (CD) (b) drugs pipeline. Outer ring: Phase 1, Middle ring: Phase 2, Inner circle: Phase 3. 5‐ASA, 5‐
aminosalicylic acid; CSF‐1R, Colony Stimulating Factor‐1 Receptor; DNA, deoxyribonucleic acid; FKN, fractalkine; HDAC, Histone deacetylase
inhibitor; IFX, infliximab; IL, interleukin; Inhib., inhibitor; LANCL2, Lanthionine synthetase C‐like 2; MAP, mycobacterium avium subspecies
paratuberculosis; NLRX1, nucleotide‐binding oligomerization domain, leucine rich repeat containing X1; R, receptor; SGLT2, sodium/glucose

cotransporter 2; S1P, sphingosine‐1‐phosphate; SGLT2, sodium/glucose cotransporter 2; SIK, salt‐inducible kinase; TLR, toll like receptor; UST,
ustekinumab
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duration seemed to be the best responders.25–28 Only one real‐world

study from a Belgian multicentric cohort of multi‐refractory CD pa-

tients (95% had been exposed to more than 3 biologicals) has

been published to date.29 One third of these CD patients obtained

a clinical remission and endoscopic response at week 24 with risan-

kizumab and none of the patients experienced serious infections

or intolerance.29 Phase 2 and phase 3 studies are currently under-

way in UC and CD (including a phase 3 study comparing risankizu-

mab to UST in moderate to severe CD patients, who have failed

anti‐TNF).30

Guselkumab (CNTO1959) is another IL‐23 p19 inhibitor, already

approved in plaque psoriasis31 and psoriatic arthritis,32 which has

been shown to be effective in phases 2 studies in both CD and UC.33–

35 In the phase 2 GALAXI 1 study, CD patients were randomised

1:1:1:1:1 to receive guselkumab 200 mg, 600 mg, or 1200 mg IV at

weeks 0, 4, and 8; UST 6 mg/kg IV at week 0 and 90 mg SC at week 8;

or PBO.33 A significantly higher proportion of CD patients met the

primary endpoint (change from baseline in Crohn disease activity

index or Crohn's disease activity index at week 12: −148 in combined

guselkumab treatment vs. −36.2 on PBO; p = 0.006) and key sec-

ondary endpoints.33 Guselkumab induction followed by SC mainte-

nance (100 mg every 8 weeks for patients receiving 200 mg IV during

induction or 200 mg every 4 weeks for patients receiving either 600

or 1200 mg IV during induction) achieved high rates of clinical effi-

cacy at week 48 (with 63.9%, 73.0% and 57.4% of patients in clinical

remission, respectively, compared to 58.7% in the UST group).34

Guselkumab also appears to be an effective induction treatment in

moderate to severe active UC, as a greater proportion of patients

treated by guselkumab (200 or 400 mg administered IV at weeks 0,4

and 8) achieved primary and secondary endpoints in the QUASAR

phase 2b induction study.35 Clinical remission at week 12, which was

the primary endpoint, was achieved by 61.4% and 60.7% of patients

treated by guselkumab 200 and 400 mg, respectively, versus 27.6%

of PBO‐treated patients (p < 0.001).35 Several studies are still

ongoing (such as continuation of GALAXI and QUASAR studies,

GRAVITI phase 3 study in moderately to severely CD,36 including

FUZION CD for perianal fistulising CD37).

Brazikumab (MEDI2070, formerly AMG139) is another IgG2

monoclonal antibody targeting p19 subunit of IL‐23.38 In a phase 2a

randomised control trial (RCT) in patients with moderately to

severely active CD who had failed at least one anti‐TNF therapy, a

significant proportion of MEDI2070‐treated patients (700 mg IV at

weeks 0 and 4) achieved a clinical response (49.2%) compared to

PBO (26.7%; p = 0.01) at week 8, with a significant reduction of

biomarkers.14 Similar results were found at week 24 in the open‐
label period (with 210 mg of brazikumab SC every 4 weeks).14

Patients with higher baseline IL‐22 serum concentration (in

particular above 15.6 pg/ml) had an increased probability of clinical

response at week 8, suggesting that IL‐22 could be used as a

biomarker to predict treatment response and to target patients

who might benefit.14 Several phase 2 and phase 3 studies are

currently underway in the UC and CD (Expedition in UC and

INTREPID in CD).39,40T
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Mirikizumab (LY3074828) is a humanised IgG4 monoclonal

antibody. In patients with moderate to severe UC, higher proportion

of patients achieved clinical remission (24.2% on mirikizumab vs.

13.3% on PBO; p = 0.00006), clinical response, endoscopic remission,

symptomatic remission, clinical response in biologic‐failed patients,

histologic‐endoscopic mucosal improvement and improvement in

bowel urgency at week 12 with 300 mg mirikizumab IV administered

every 4 weeks compared to PBO (LUCENT‐1 phase 3 study).41 In

patients responding to mirikizumab induction therapy, the mir-

ikizumab 200 mg SC every 4 weeks maintenance regimen (phase 3

maintenance LUCENT‐2 study) allowed a significantly higher rate of

patients to reach clinical remission at week 40 (49.9%) compared to

PBO (25.1%).42 In this study, all key secondary endpoints (CS‐free
remission, endoscopic remission, histologic‐endoscopic mucosal

remission, improvement in bowel urgency, bowel urgency remission

and maintenance of clinical remission) were achieved (each:

p < 0.001) at week 4042. Mirikizumab was also assessed in CD (SE-

RENITY study).43 Patients were randomized 2:1:1:2 to receive PBO,

200, 600, or 1000 mg mirikizumab IV every 4 weeks.43 At week 12, a

significantly higher proportion of patients treated by this anti‐IL‐23
achieved endoscopic response (especially with the 600 and

1000 mg dose, 37.5% and 43.8%, respectively, vs. 10.9% on PBO;

p < 0.01 for both doses) as well as secondary endpoints.43 In the

maintenance study, the rate of endoscopic response were similar

between IV and SC groups (300 mg every 4 weeks in both cases),

with 69.6% and 66.7% of patients in endoscopic response at week 12,

who were endoscopically responsive at week 5243. Phase 3 studies

are currently underway in UC, CD as well as in paediatrics (including

LUCENT‐3, VIVID‐1 and 2).44–46

In conclusion, four IL‐23 inhibitors are currently under devel-

opment in IBD and appear superior than PBO to achieve endpoints,

including in patients with experience of biologics (except for gusel-

kumab in UC where sub‐analysis results are not yet avail-

able).14,21,34,43,47 However, the rate of patients achieving primary and

secondary endpoints was generally higher among the biologic‐naive
compared to biologic‐experienced patients group.14,21,34,43,47 They

should be approved soon in IBD, in particular risankizumab, which is

at the most advanced stage of development in CD. In studies

comparing an anti‐IL‐23 to PBO, the adverse event rates were

generally similar between groups.21,43,47 The most frequently re-

ported adverse events were IBD worsening, arthralgia, headache,

nausea and nasopharyngitis.14,17,21,47

Janus kinase inhibitors

There are four isoforms of JAK (janus kinase 1 (JAK1), JAK2, JAK3

and tyrosine kinase 2 (TYK2)), whose expression varies according to

the tissues. These tyrosine kinases are involved in the signal trans-

mission induced by the binding of cytokines (including the afore-

mentioned IL‐23) to their receptor.48–50 JAK inhibitors are small

molecules, having the advantage of being per os and not associated

with antidrug antibodies development, acting downstream of

cytokines.51 Tofacitinib (a pan‐JAK inhibitor), already approved in

UC,9 showed disappointing results in the 2 phase 2b studies in CD,

leading to its discontinuation in CD.52,53 Filgotinib, upadacitinib and

ivarmacitinib are three other JAK‐inhibitors that have been devel-

oped in IBD.

Filgotinib (GLPG0634 or GS‐6034) is an oral once‐daily JAK1‐
selective inhibitor, also approved in UC, which is currently in evalu-

ation in CD.10 In FITZROY phase 2 study, assessing the safety and

efficacy of filgotinib in CD, filgotinib (200 mg once a day per os [PO])

allow the achievement of clinical remission (primary endpoint) in

significantly more patients compared to PBO at week 10 (47% vs.

23%; p = 0.0077). More striking difference were observed for anti‐
TNF naive patients (60% of clinical remission at week 10 with filgo-

tinib vs. 13% with PBO for anti‐TNF naïve; 37% with JAK‐1 selective

inhibitor vs. 29% on PBO for anti‐TNF experienced patients).54 In

addition, preliminary results of the phase 2 DIVERGENCE study

suggest that oral filgotinib 200 mg once daily may also be beneficial

in perianal fistulizing disease.55 Subsequently phase 3 studies have

therefore been initiated (DIVERSITY1 and DIVERSTYLTE) and are

currently underway in CD.56,57

Another selective JAK1 inhibitor, upadacitinib (ABT‐494 or

Rinvoq®), currently approved for the treatment of psoriatic arthritis,

rheumatoid arthritis, ankylosing spondylitis and atopic dermatitis, is

also currently under evaluation in IBD.53 The efficacy of upadacitinib

in UC was demonstrated in a phase 2b study and confirmed in three

phase 3 studies.58,59 In the two phase 3 induction studies (U‐ACH-

IEVE induction/UC1 and U‐ACCOMPLISH/UC2), statistically signifi-

cantly more patients achieved clinical remission with upadacitinib

45 mg PO once daily (26% in UC1 and 33% in UC2) than in the PBO

group (5% in UC1 and 4% in UC2; p < 0.0001 for both UC1 and UC2),

regardless baseline disease characteristics.60 The rate of patients

reaching primary endpoints at week 8 with upadacitinib 45 mg was

greater in biologic‐naive patients (35.2% in UC1 and 37.5% in UC2)

than in biologic‐experienced patients (17.9% in UC1 and 29.6% in

UC2), but superior to PBO in all cases.60 Patients who achieved

clinical response at week 8 were randomly reassigned 1:1:1 for

upadacitinib 15 mg, 30 mg or PBO for 52 weeks (U‐ACHIEVE

maintenance study/UC3). This study showed that clinical remission

was achieved by statistically significantly more patients receiving

upadacitinib (42% with 15 mg and 52% with 30 mg) than those

receiving PBO (12%; p < 0.0001), whether they have a previous

biologic failure or not.60 Upadacitinib was also effective on extra-

intestinal manifestations or EIMs (any EIM, arthropathy and classic

EIM such as axial and/or peripheral arthropathy, episcleritis/uveitis/

iritis, oral aphthous ulcers, erythema nodosum, pyoderma gan-

grenosum, Sweet's syndrome).61,62 According a sub‐analysis, the dose

of 15 mg was appropriate for UC patients with less severe inflam-

matory flare and the dose of 30 mg could be proposed to patients

with more severe disease (with Mayo score >9 and extensive dis-

ease).60 The efficacy and safety of upadacitinib in CD was evaluated

in the CELEST phase 2 study.63 While upadacitinib, as induction

therapy, did not achieve a significantly greater rate of clinical

remission than PBO at week 16, endoscopic remission (which was the
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co‐primary endpoint) and key secondary endpoints were observed

with the dose of upadacitinib 24 mg twice daily group (22% of

endoscopic remission vs. 0% on PBO; p < 0.01).51 In addition, two

recent real‐world studies showed promising results with upadacitinib

(with a decrease in faecal calprotectin already 2 weeks after initia-

tion) in treatment‐refractory CD patients.64,65 Phase 3 studies are

currently underway in CD66–68 as well as studies evaluating long‐
term efficacy, safety, and tolerability of repeated administration of

upadacitinib in UC and CD subjects are currently in progress.69,70

Ivarmacitinib (formely SHR0302) is another novel oral selective

JAK1 inhibitor. Recruitment for four‐arm (oral SHR0302 4 mg once

daily, 8 mg once daily, 4 mg twice daily, and PBO) phase 2 RCT are

completed in moderate to severe UC (AMBER2 or NCT03675477)

and CD (NCT03677648).71,72 While data are not yet available in CD,

SHR0302 resulted in a higher rate of clinical response (46.3% vs.

26.8% on PBO; p = 0.059) and remission rate compared to PBO after

8 weeks of treatment in UC and was well tolerated.73 A phase 3

study is currently underway to investigated the efficacy and safety in

moderate to severe active UC.74

Studies show that using selective JAKs does not result in a loss

of efficacy (compared to pan‐JAK inhibitors), but there are still

doubts about safety.75 Indeed, not only very quickly effective (with

symptoms improvements as early as day 1 with upadacitinib for

example76), two recent systematic review and network meta‐
analysis comparing a series of small molecules and biologics have

shown that upadacitinib was the best treatment to induce clinical

remission in patients with moderate to severe UC,77,78 whether or

not the patient has been previously exposed to anti‐TNFs.78 How-

ever, it was also the treatment associated with the worst outcome

in terms of side effects.77 The safety of different JAK inhibitors

(tofacitinib, filgotinib, peficitinib, upadacitinib, and TD‐1473) in UC

and CD patients compared with PBO was evaluated by Ma et al. in

a systematic review and meta‐analysis.75 The use of different JAK

inhibitors were overall not associated at a significantly higher risk

for adverse events compared with PBO75 but they nevertheless

reported that JAK inhibitors were associated with a higher risk of

infections, including herpes zoster and upper respiratory tract in-

fections.75 Another safety concern with this class is the risk of

venous thromboembolism and major adverse cardiovascular events

(MACE).79 Indeed, in a post‐authorization safety trial, patients with

rheumatoid arthritis aged of 50 years or older with ≥1 cardiovas-

cular risk factor treated by the pan‐JAK inhibitor tofacitinib 10 mg

twice daily have a higher incidence of MACE and a 5‐fold increase

in the risk of pulmonary thromboembolism compared to the anti‐
TNF‐treated patients.79 The role of JAK inhibitors selectivity of

these drugs safety needs further clarification (in particular because

JAK2 is the kinase whose inhibition is associated with increased

platelet count and risk of thrombosis).80 Sporadic pulmonary em-

bolism and venous thromboembolic events have been described

with upadacitinib, but some of these patients had thromboembolic

risk factors and these events cannot be considered with certainty as

a side effect of treatment given the inherent risk associated with

IBD.58,65,81 JAK inhibitors were also associated with increases in

serum lipid levels possibly interfering with the risk of MACE.

However, these changes are dose‐dependent, reversible, generally

complied the ratio total/high‐density lipoprotein cholesterol and not

related to a higher risk of MACE in a pooled analysis of 22 RCT

assessing JAK inhibitors.82 Other commonly reported side effects

include arthralgia, nasopharyngitis and increases in creatine phos-

phokinase.58,61,65,83 There are also concerns about the testicular

toxicity of filgotinib and its impact on sperm count, warranting

dedicated studies (MANTA and MANTA‐Ray).51 However, pre-

liminary data appear reassuring and show that at week 13, 6.7% of

filgotinib‐treated patients and 8.3% of PBO‐treated patients had

≥50% decline in sperm concentration, out of a total of 248 rand-

omised patients followed‐up for active rheumatoid arthritis, psori-

atic arthritis, ankylosing spondylitis and non‐radiographic axial

spondyloarthritis).84 Further studies are needed to answer these

safety questions, but JAK inhibitors remain a promising class of

treatment in IBD.

Anti‐integrin and anti‐adhesion molecules

The success of vedolizumab in IBD in recent years demonstrates

that interfering with immune cell trafficking, particularly T lym-

phocytes, is an effective mechanism of action to reduce disease

burden.6,7 This lymphocyte gut homing occurs through interactions

between selectin, α4β7, α4β1 on T cells, attracted by tissue‐secreted
chemokines (i.e. CCL25, CXCL10), and adhesion molecules present

on endothelial cells, including mucosal addressin cell adhesion

molecule‐1 (MAdCAM‐1).85 The development of ontamalimab, an

anti‐ MAdCAM‐1, has recently been stopped86 but 2 other anti‐
integrins (etrolizumab and AJM300) are currently being evaluated

in phase 3 CTs in IBD.87–89

Etrolizumab (PRO145223) is a humanized monoclonal antibody

that selectively binds the ß7 subunit of the heterodimeric integrins

α4β7 and αEβ7. Phase 3 studies HICTORY (assessing etrolizumab as

induction and maintenance treatment in anti‐TNF‐experienced pa-

tients with evaluation at week 14 and 66) and LAUREL (assessing

etrolizumab as maintenance treatment in anti‐TNF naïve patients

with evaluation at week 62) showed that etrolizumab SC (105 mg

every 4 weeks) was superior to PBO to induce remission at week 14

(18.5% with etrolizumab vs. 6.3% with PBO; p = 0.0033), endoscopic

improvement at weeks 14 and 62–66 as well as endoscopic and

histological remission at week 62–66 (in both anti‐TNF naïve and

experienced patients).90,91 Etrolizumab was well tolerated and no

safety signals were identified.90,91 The efficacy and safety of etroli-

zumab appears to be equivalent to that of anti‐TNFs based on phase

3 studies comparing anti‐ß7 to anti‐TNF agents (the latter being used

as an active comparator).87,92 The pooled analysis of HIBISCUS 1 and

2 studies showed that etrolizumab was not superior to adalimumab

but similar in terms of efficacy and safety.92 Similar results were

found in the GARDENIA phase 3 study comparing etrolizumab to IFX

as maintenance treatment in moderate to severe UC (18.6% of

clinical remission at week 54 with etrolizumab vs. 19.7% with IFX;
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p = 0.81).87 Phase 3 studies are underway in the UC: open‐label
extension (COTTONWOOD)93 and a phase I has just been initiated in

paediatrics (FENNEL).94 In CD, the induction/maintenance

BERGAMOT phase 3 trials, showed a clinically meaningful endo-

scopic improvement, with rapid symptomatic remission as early as

week 6, which was sustained through week 14, indicative of the ef-

ficacy of etrolizumab in treating CD.95 Enrolment into subsequent

induction cohorts and into the maintenance phase of BERGAMOT is

ongoing as well as in the open‐label extension and safety study for

CD patients previously enrolled (JUNIPER).96

AJM300 (carotegrast methyl) is a new small molecule, α4‐
integrin antagonist, being evaluated in UC.88 In the phase III study

(NCT03531892), AJM300‐treated patients (960 mg three times daily

orally) had a significantly higher rate of clinical response (45%;

p = 0.00028) than PBO group (21%) at week 888,89. Statistically

significant improvements were also observed in the secondary end-

points including mucosal remission rate and rectal bleeding disap-

pearance rate.88 These results were consistent with those obtained in

phase 2a in UC.97 There was no difference in the incidence of adverse

events between the groups.88

These anti‐integrins were generally well tolerated.87,95,97 In the

study comparing etrolizumab to IFX, there was slightly more in-

fections in the etrolizumab group.87 No cases of progressive multi-

focal leukoencephalopathy (PML) were reported, either with

etrolizumab or with AJM300 (with the limitation that the number of

subjects in this CT was small and the study period was

short).87,95,97,98 Although sharing a common mechanism of action

with natalizumab (another monoclonal anti‐α4 integrin antibody

whose development has been halted due to the PML risk), fewer

systemic adverse events are expected with AJM300 since it is an oral

formulation, with a shorter duration of action than natalizumab.98

Larger scale and longer term studies are needed.

S1P receptor agonists/sphingosine‐1‐phosphate
modulators

The sphingosine‐1‐phosphate (S1P) subtype 1 (S1P1) receptor is a

member of a family of 5 receptors (S1P1–S1P5) implicated in mul-

tiple cellular processes including immunological pathways.99,100 S1P1

receptor agonists leads to internalization and degradation of the

S1P1 receptor, therefore blocking the B and T lymphocytes migra-

tion, potentially decreasing the number of lymphocytes circulating to

the gastrointestinal tract.100 Ozanimod and etrasimod are two S1P

modulators currently being evaluated in phase 3 CTs in IBD.

Ozanimod (RPC1063) is an S1P1 and S1P5 receptor modulator

approved since 2021 in US for UC.101 Indeed, the incidence of clinical

remission at week 10 was significantly higher among patients who

received oral ozanimod hydrochloride at a dose of 1 mg (equivalent

to 0.92 mg of ozanimod) than among those who received PBO during

both induction (18.4% on ozanimod vs. 6% on PBO; p < 0.001) and

maintenance (37% on ozanimod and 18.5% on PBO; p < 0.001) in

TRUE‐NORTH phase 3 study and all key secondary endpoints were

significantly improved with ozanimod compared with PBO in both

periods.101 Experienced anti‐TNF patients had a higher percentage of

clinical remission with ozanimod compared to PBO, but a lower

percentage compared to anti‐TNF‐naive patients.101 One study

reporting real‐world data from a large tertiary center has just been

published by Cohen and colleague.102 Ozanimod was well‐tolerated
but had modest effectiveness in a relatively treatment‐refractory
cohort of UC patients.102 STEPSTONE was the phase 2 study

assessing ozanimod in 69 moderate to severe CD patients.103 Clin-

ical, endoscopic and histological improvements were seen within

12 weeks of initiating ozanimod in patients with moderately to

severely active CD.103 Ozanimod is currently being studied in a phase

3 studies in UC104–106 and CD,107–110 as well as in phase 2/3 in UC in

pediatrics.111

Etrasimod (APD334) is an oral S1P1, S1P4 and S1P5 receptor

modulator. The efficacy and safety of etrasimod in patients with

moderate to severe active UC was evaluated in the phase 2 OASIS

trial (NCT02447302).112 At week 12, etrasimod 2 mg was signifi-

cantly more effective than PBO in producing clinical (p = 0.009 for

etrasimod 2 mg) and endoscopic improvements.112 The results of

subgroup analyses showed similar improvement in patients with prior

exposure to anti–TNF‐α therapy.112 Regarding tolerance, three pa-

tients, known to have an atrioventricular block before initiation,

presented a transient, asymptomatic, low‐grade new episode that

resolved spontaneously.112 The OASIS open‐label extension study

confirmed the long‐term efficacy and safety profile of this drug with

85%, 60% and 60% of patients with clinical response, clinical remis-

sion, and endoscopic improvement at week 12, respectively, that

maintained that status to end of treatment.113 Phase 2 and 3 studies

are currently underway in UC,114–117 especially among the Japanese

population115,118 as well as in CD (CULTIVATE study).119

Ozanimod and etrasimod are lymphocytes migration inhibitors

that appear to be active in both UC (for which it is already approved

in the US) and CD for ozanimod and in UC for etrasimod. The adverse

events described with this class of treatment are risk of lymphopenia,

bradycardia, macula edema, herpes zoster infection and elevated

liver aminotransferase level.101–103,112 Furthermore, it should be

noted that a case of PML has been reported with ozanimod.120 As the

risk of PML increases under S1P modulators seems to increase with

treatment duration, the occurrence of this type of complication un-

der long‐term treatment should be carefully monitored.120,121

Toll like receptor agonists

Cobitolimod (DIMS0150 or Kappaproct®) is an oligonucleotide

currently under evaluation in UC.122–124 It is a single stranded DNA‐
based immunomodulatory sequence, containing an unmethylated

CpG motif (mimicking DNA bacterial), which activate TLR‐9 on target

immune cells (including intestinal T and B lymphocytes and antigen‐
presenting cells).125,126 These TLR‐9 agonist alleviate intestinal

inflammation by suppressing Th17 cells and inducing Treg cells as

well as secretion of anti‐inflammatory cytokines (IL‐10 and
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interferon).125 In the COLLECT phase 3 study, the topical adminis-

tration of cobitolimod, although not meeting the primary endpoint,

induced PRO‐based symptomatic remission, mucosal healing and

histological improvement.122,123 No safety signals were detec-

ted.122,123 The efficacy and safety of cobitolimod as induction and

maintenance therapy is currently under investigation (phase 3

CONCLUDE study or NCT04985968) in patients with moderate to

severe active left‐sided UC.124

DRUG BEING EVALUATED IN A PHASE 1 OR 2
CLINICAL TRIAL

All molecules currently being evaluated in phase I and II CTs, with

promising results, are listed in Table 2. Some treatments target in-

terleukins, including IL‐23 IV/SC (IBI112)127 but also IL‐6 (olamkicept

IV, PF‐04236921 SC),128,129 IL‐7 IV (OSE‐127),130 IL‐18 IV

(GSK1070806),131 IL‐21 IV (NNC0114‐0006)132 and IL‐36 (Spesoli-

mab).133,134 Some interleukins, instead of being inhibited, can also be

boosted. It is the case of IL‐2 (by recombinant protein such as

LY3471851 SC,135 or fusion protein such as efavaleukin alfa SC or

MK‐6194 SC136,137), oral IL‐10 (AMT‐101138) or IL‐22 (UTTR1147 A

IV for example which is also a fusion protein in which IL‐22 is linked

with the Fc portion of IgG4 allowing improvement of pharmacoki-

netic characteristics).139 New oral JAK inhibitors are also being

developed such as brepocitinib (JAK1 and TYK2 inhibitor),140,141

deucravacitinib (TYK2 inhibitor),142–144 ritlecitinib and OST‐122
(JAK‐3 inhibitors)140,141,145 and peficitinib (pan‐JAK inhibitor).146

Regarding anti‐integrins, abrilumab SC (AMG181) is an anti‐integrin
α4β7 with proven effectiveness in a phase 2b study in UC147–149 and

PN‐943 is a new oral gastro‐intestinal‐restricted peptide antagonist

of α4β7 integrin being evaluated in a phase 2 study.150 Amiselimod,

CBP‐307, KRP203 and VTX002 are four oral S1P modulators actu-

ally under investigation in UC, and in CD for amiselimod.151–154

Other mechanisms of action include anti‐chemokines (also playing a

pivotal role in T cells recruitment in the gut),155 oral anti‐CD3, anti‐
CD40 IV/SC, anti‐CD162 IV, inhibitor of phosphodiesterase 4

(apremilast PO),156 oral active TNF‐α inhibitor (hemay007)157 but

also anti‐TL1A IV.158–162 ABX464 and Vorinostat are drugs that act

on epigenetic mechanisms.163–168 Other treatments, with more spe-

cific mechanisms, or bacterial therapies, are also being evaluated and

are listed in Table 3.

ANTI‐FIBROTIC THERAPIES

The humanized antagonistic monoclonal IgG1 antibody that blocks

human IL36 R signalling, spesolimab (BI 655130), is a treatment with

possible anti‐fibrotic action that has recently been tested in a CT in

patients with fibrostenotic CD (NCT05013385). IL‐36 is a group of 3

cytokines (IL‐36α, ß and γ) that are overexpressed in the gut mucosa

from fibrostenotic CD patients and that are known to activate

myofibroblasts, one of the key players of intestinal fibrosis.169,170 The

purpose of this phase 2a study was to demonstrate that spesolimab

was effective in maintaining symptomatic and/or inducing radio-

graphic stenosis response in patients with symptomatic CD‐related
small bowel stricture, who have achieved symptomatic stenosis

response after standard medical therapy. Patients received, in addi-

tion to this standard treatment, either an infusion of spesolimab

1200 mg (every 4 weeks until week 8 then every 8 weeks) or a PBO.

However, the CT was stopped due to a decision by the sponsor

(neither the primary endpoint was met nor a clinical benefit was

observed at the interim analysis).171 However, the molecule is still

being evaluated in phase 2 in CD (patients with fistulising CD who

took part in previous trials)172,173 and in the phase 2/3 CT in

UC.133,134 New findings on the molecular mechanisms involved in

intestinal fibrosis have led to the identification of several anti‐fibrotic
therapeutic targets.174 Several molecules have shown promising re-

sults in pre‐clinical studies conducted in vivo, ex vivo, and in vitro

(recently reviewed by Santacroce G, et al.) and may soon lead to

human CTs (some of which are already being evaluated in luminal

disease such as anti‐TL1A162).174

COMBINATION THERAPY

However, when looking at the efficacy of currently available treat-

ments, approximately 1/3 of patients are primary non‐responders
and 50% of patients become secondary non‐responders.175,176 It is

unlikely that this ceiling will be broken by the arrival of these new

molecules (since their clinical remission rates at the end of the in-

duction and maintenance phases are close to those obtained with

currently available treatments).176 Combination therapy has been

proposed as a promising IBD management strategy to try to over-

come this plateau.176,177 Several combination therapies are currently

being evaluated (Table 3). Stalgis et al. have proposed four different

types of combinations, depending on the degree of overlap and

crosstalk in their mechanisms of action176: (1) combination of 2

molecules with independent mechanism of action and no direct anti‐
IBD activity when combined; (2) combination of high overlapping

mechanism of action, high crosstalk; (3) medium overlapping activity,

medium crosstalk; and (4) combination of complementary mechanism

of action and direct anti‐IBD activity).175,176 The concomitant use of

two biologics and/or small molecules, known as dual targeted ther-

apy. An example of an ongoing dual targeted therapy CT is the phase

2a VEGA study comparing efficacy and safety of a combination in-

duction therapy with guselkumab and GOL (JNJ‐78934804) in

moderate to severe active UC. Patients naïve to anti‐TNFα and re-

fractory or intolerant to immunomodulators and/or CS were

randomly assigned to receive guselkumab 200 mg IV at weeks 0, 4,

and 8; GOL 200 mg SC at week 0 then 100 mg SC at weeks 2, 6, and

10; or combination with guselkumab 200 mg IV and GOL 200 mg SC

at week 0, GOL 100 mg SC at weeks 2, 6, and 10, and guselkumab

200 mg IV at weeks 4 and 8. Combination more effectively induced

clinical response (83.1% in patients treated by combination therapy

vs. 61.1% on GOL (p = 0.003) versus 74.6% on guselkumab
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(p = 0.215)), clinical remission, symptomatic remission, endoscopic

improvement, normalized faecal calprotectin at week 12 than either

monotherapy alone.178 Adverse events rate were comparable among

the treatment groups in these studies (compared to PBO or

compared to guselkumab or GOL in VEGA study).34,35,178 The eval-

uation of guselkumab in combination therapy with GOL in UC and CD

is currently in phase 2b CTs (DUET‐UC and DUET‐CD).179,180 Other

combination therapies are being evaluated such as anti‐TNF steroid

conjugate (ABBV‐154),181 BI 706321 coupled with UST,182 vorino-

stat (a histone deacetylase inhibitor) coupled with UST,168 BI655130

(spesolimab) coupled with IFX.183 Finally, a little beyond the scope of

this review (since it is not new drugs or therapeutic targets), another

CT also assess the efficacy and safety of a triple combination therapy

of anti‐integrin (vedolizumab IV), a TNF‐α antagonist (adalimumab

SC), and an immunomodulator (oral methotrexate) in high risk CD

(EXPLORER trial).184 Given that the immune‐mediated inflammatory

processes are driven by multiple pathways and that the use of a

single agent leads to a limited rate of remission, it is possible that we

are moving towards the search for rational and ideal treatment

combinations (in addition to the search for new mechanisms of ac-

tion) to try to overcome the plateau drug efficacy as recently

reviewed by Danese et al.185 These combination therapies should be

subject to controlled CTs in the future.185

FUTURE DIRECTIVES AND CONCLUSION

Several new therapies have been shown to be effective and safe in IBD

and will probably strengthen our therapeutic arsenal in the next few

years. The anti‐IL‐23 drugs appear to be safe and effective, but the

question of safety is less clear for the JAK inhibitors (in particular for

long‐term safety data) and the S1Pmodulators (for which it is too early

to judge safety). Despite all the available molecules, there is a plateau

of drug efficacy that cannot be surpassed today. Although no treat-

ment is currently available to overcome this plateau, this therapeutic

armamentarium (in addition to measuring drug levels, performing

biomarkers for tight control and identifying biomarkers/factors to

predictwhich patients are likely to respond to a given treatment) could

nevertheless make it possible to improve the control of the disease by

allowing multiple drug sequencing and/or new combination therapy.

These emerging drugs will also allow the patient to have a more

appropriate treatment according to his needs (according to age, to the

presence of EIM or perianal disease, to the preference for route of

administration, to speed to obtain a clinical remission, to pregnancy

desire, among other things), the type of disease (with perianal

involvement or extraintestinal manifestations) and according its past

medical history (including personal cancer or thrombosis history).

However, these new treatment options will also raise questions such

as the most appropriate treatment according to the patient's profile,

the search for predictors of response to a particular treatment, and

also the need to determine the ideal therapeutic sequence to offer the

patient the best chance of responding to each treatment.
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