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Abstract Interleukin 23 [I:23] plays a key role in the pathogenesis of both Crohn’s disease [CD] and ulcerative colitis [UC], promoting a Th17
cell-related immune response. The combined blockade of Il-:23 and I1-12 with ustekinumab has been demonstrated to be safe and effective in
the treatment of inflammatory bowel disease [IBD]. Studies on preclinical models and observations of other immune-mediated diseases, such
as psoriasis, suggest that the selective inhibition of 11-:23 could be beneficial in IBD. Four monoclonal antibodies [risankizumab, mirikizumab,
brazikumab and guselkumab] are currently in advance clinical trials for either CD or UC. In this review, we provide an overview of the main results

from published studies of selective anti Il-23 agents.
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1. Background

Inflammatory bowel diseases [IBD], such as Crohn’s disease
[CD] and ulcerative colitis [UC], are chronic immune-
mediated conditions affecting the gastrointestinal tract, and
their treatment is based on an increasing repertoire of drugs,
both biologics and oral synthetics that target the adaptive im-
mune system. While the pathogenesis of IBD is not completely
clear, robust evidence points to an underlying dysregulated
immune response to gut microbiota in genetically susceptible
individuals. Specific cytokines in the immune network are at-
tractive as therapeutic targets to control inflammation and
maintain disease remission. In the last two decades several
advanced therapeutic agents have been developed including
monoclonal antibodies and synthetic small molecule drugs.
These agents inhibit specific molecular pathways involved in
the pathogenesis of the disease such as tumour-necrosis-factor
[TNF], integrins, Janus kinase [JAK], a family of non-receptor
tyrosine kinases and interleukin 12 and 23 [IL-12/IL-23] with
the ultimate goal of treating the disease while minimizing side
effects.

IL-12 is a heterodimeric cytokine formed by a p35 and p40
subunit. It was initially identified as a natural killer [NK] cell
stimulating factor in response to mitogens' and later shown
to be derived from dendritic cells as well as macrophages
and neutrophils in response to antigens.> The IL-12 family
includes heterodimeric cytokines IL-12, IL-23, IL-27 and IL-
35. IL-12 acts in steering T-cell differentiation towards the
Th1 interferon [IFN]-gamma-producing lineage,® and more
broadly, bridging innate and adaptive immune responses.*
Blockade of IL-12 p40 was effective in several animal models
of immune-mediated conditions, including colitis.’ The ob-
servation that agents targeting only the p35 subunit did not
provide the same benefit or even worsened inflammation led
to the discovery of a new interleukin, IL-23, constituted by
the same p40 subunit and another specific p19 subunit.® This

suggested that the therapeutic action of agents targeting p40
was due to the combined blockade of both IL-12 and IL-23
rather than IL-12 alone.® In keeping with this hypothesis,
further studies elucidated how IL-23 and its receptor [IL-
23R] exert a complex immunoregulatory effect on T helper
17 [Th17] cells with IL-17A as the main effector molecule.*”
Furthermore, IL-23 induces a strong pro-inflammatory activ-
ity activating several different cells other than Th17. Indeed,
when IL-23 binds to its specific receptor, IL-23R, this acti-
vates the Janus kinases JAK-2 and Tyk-2, which in turn in-
duce nuclear translocation of the transcription factors STAT3
and STAT4.® Some functions of IL-23 are specific and dif-
fer from those of IL-12. The latter acts mainly on naive T
cells, whereas IL-23 preferentially activates memory T cells
expressing [L-23R.%’ In addition, genetic studies showed that
polymorphisms of IL-23R are associated with CD and UC,
and loss of function mutations of IL-23R are protective to-
wards intestinal inflammation, further supporting the role IL-
23 in the pathogenesis of IBD.!°

Increased levels of IL-23" and IL-17A"? were found in mur-
ine models of IBD, and confirmed in UC patients,'? in whom
levels of IL-17A also reflected clinical disease severity and
predicted the course of disease.'* Building on this, blockade
of IL-23 and IL-17 appeared to be an effective therapeutic
strategy in animal models of IBD, supporting the role of these
cytokines in the pathogenesis of IBD.>!1:12:15

With regard to IL-17, however, clinical trials in CD of
secukinumab, an anti-IL17 monoclonal antibody,'® and
brodalumab, an anti IL-17R,!” were disappointing, with no
evidence of efficacy and even worsening of the disease, prob-
ably as a result of its deleterious effect on the epithelial bar-
rier.”® This highlighted how increased levels of a cytokine in
patients’ serum and tissues do not necessarily imply an ir-
replaceable role for the cytokine in the pathogenesis of that
disease."
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On the IL-12/IL-23 axis, the first agents targeting the two
cytokines to be investigated in humans were briakinumab
and ustekinumab; a third antibody, SMART, targeting ex-
clusively IL-12 in its dimeric form was discontinued in 2003
due to a probable lack of efficacy.#* The development of
briakinumab, an anti-p40 monoclonal antibody, began be-
fore IL-23 was discovered, and it later became clear that its
biological effect was exerted through the inhibition of both
IL-12 and IL-23 cytokines that share the same p40 subunit.
In the proof-of-concept study of briakinumab in moderate to
severe CD, patients in the treatment arm had higher response
rates after 7 weeks but benefits were not sustained at week
18 and rates of remission were not statistically different.?!
Development of briakinumab, which was also investigated
in psoriasis, multiple sclerosis and rheumatoid arthritis, was
later discontinued in all indications due to safety concerns
regarding a possible increase in major adverse cardiovascular
events [MACE].?

Ustekinumab was the second monoclonal antibody targeting
IL-12/IL-23 to be developed. Initially licensed for psoriasis and
psoriatic arthritis, it received regulatory approval for CD in
2016 and UC in 2019. In CD, a phase 2a trial,?® a phase 2b trial
[CERTIFI]* and two phase 3 trials [UNITI-I and UNITI-2] in
both naive and anti-TNF-experienced patients, including in-
adequate responders to anti-TNF patients, demonstrated the
efficacy of intravenous induction treatment in reduction of
Crohn’s disease activity index [CDAI] and, in a substudy, an
improvement in simple endoscopic score [SES-CD].>>*¢ The
IM-UNITT trial proved the efficacy of a subcutaneous main-
tenance treatment every 8 or 12 weeks to week 52 for those
who responded in the two induction trials.?* Similarly positive
findings came from the UNIFI trial in UC,*” with results show-
ing efficacy in terms of clinical remission, as well as endoscopic
[Mayo endoscopic subscore <1] and histological [according to
Geboes, Nancy or Robarts histological indexes] remission.?®
Additional long-term data from both trials and real world
cohorts confirmed sustained benefits of maintenance therapy
through § years in CD and 2 years in UC.?*° In both CD and
UC, the efficacy of ustekinumab can be observed even after
6-8 weeks, demonstrating a relatively fast onset of action.
Accordingly, some case reports described the successful use of
ustekinumab alone or in combination with cyclosporine as res-
cue therapy for acute severe CD*! and UC.32 The overall safety
profile of ustekinumab appeared to be good with low infection
rates similar to placebo,’*** and differently from briakinumab,
no signal regarding MACE has been detected.®

Growing evidence supported the investigation of selective
anti-IL-23 agents in IBD. First, as already mentioned, some
preclinical studies showed how IL-12 selective blockade was
not beneficial in IBD.® Second, other studies in animal models
suggested that inhibition of IL-23 alone was more effective
than that of combined IL-12/IL-23.!3¢ Finally, positive results
on IL-23 selective agents in plaque psoriasis were published
in 2015.%73% More recently, a phase III clinical trial in plaque
psoriasis suggested that risankizumab, a monoclonal antibody
targeting IL.-23, achieved higher rates of disease improvement
compared with ustekinumab, an IL-12/IL-23 inhibitor.*’

2. Mechanism of action: Distinctiveness of
IL-23 antagonism from IL-12/23 antagonism

IL-12 drives the Th1 pathway [Figure 1] characterized by sig-
nature cytokines IFNy and TNF, and stimulates group 1 innate
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lymphoid cells [ILCs]. By contrast, IL-23 promotes the Th17
pathway and stimulates group 3 ILCs and invariant NKT
cells. There is evidence that a Th17 cytokine, IL-22, plays a
role in promoting colonic neoplasia, an important compli-
cation of long-standing colonic IBD, and so mechanistically
IL-23 antagonism may be relevant.*’ In small animal models,
IL-23 antagonism may have an inhibitory effect on intestinal
fibrosis.*' However, differences in efficacy between 1L-12/23
[p40] inhibition and IL-23 [p19] inhibition in diseases such
as psoriasis may also be due to characteristics and dosage of
drugs rather than distinctive mechanism of actions. Ileal and
colonic biopsies analysed by bulk RNA sequencing (RNAseq)
analysis from the phase II study of risankizumab in CD high-
lighted a wide range of disease-relevant pathways modulated
by risankizumab treatment, which included epithelial biol-
ogy, second messenger-mediated signalling, immune response,
lymphocyte and leukocyte activation, lymphocyte differenti-
ation and cell—cell adhesion.*

Several agents specifically targeting IL-23 are currently
under investigation for both CD and UC,; in this review we
aim to provide an overview of those that are in an advanced
stage of development [Figure 2].

2.1. Risankizumab

Risankizumab [Skyrizi] is a humanized IgG1 monoclonal
antibody that selectively inhibits IL-23 by targeting its p19
subunit. In 2019 it was approved by both the FDA and EMA
for the treatment of moderate-to-severe plaque psoriasis.*

2.1.1. Crohn’s disease

In the field of IBD, risankizumab has been studied in moderate-
to-severe CD in a phase II randomized, placebo-controlled
trial [NCT02031276].* This study included 121 patients
with moderate-to-severe disease (defined as CDAI score of
220-450 and a CDEIS [Crohn’s disease endoscopic index of
severity] >7 or >4 for isolated ileitis). Nearly all participants
[93%] had previous exposure to anti-TNF or vedolizumab, a
marker of drug resistance and worse response. The trial con-
sisted of three treatment periods starting with a 12-week in-
duction in which patients were randomized 1:1:1 to receive
600 mg IV risankizumab, 200 mg IV risankizumab or placebo
at weeks 0, 4 and 8. The primary endpoint, clinical remis-
sion [CDAI < 150] at week 12, was achieved in 30.5% of
patients who received any dose of risankizumab compared
to 15.4% in the placebo group [p = 0.0489]. Risankizumab
was superior to placebo also in the secondary endpoints such
as clinical response [defined as CDAI < 150 or >100-point
decrease] [39% vs 20.5%], endoscopic remission [CDEIS < 4
or <2 for isolated ileitis] [17% vs 3%], endoscopic response
[250% drop in CDEIS] [32% vs 13%], and deep remission
[clinical and endoscopic remission] [7% vs 0%]. All outcomes
favoured the 600-mg dosage.* In the second period, the
open-label extension of the study, patients who achieved deep
remission at week 12 underwent a drug washout, whereas
the remaining patients received 12 additional weeks of the
high-dose, 600-mg, risankizumab every 4 weeks. At week 26,
53% of patients were in clinical remission, 55% originally
in the placebo arm, 59% in the 200-mg risankizumab arm
and 47% in the 600-mg arm.* Subsequently, all patients in
clinical remission at week 26, regardless of their previous ran-
domization, received 180 mg SC risankizumab maintenance
for another 26 weeks. At week 52, 71% of participants were
in clinical remission, 35% in endoscopic remission and 29 %
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Figure 1. Overview of IL12 and IL23's pathways in the pathogenesis of inflammatory bowel disease.
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Figure 2. Overview of agents targeting the IL12-1L23 pathway.

in deep remission. Finally, an open-label extension study en-
rolled 65 patients who had either achieved clinical response
without clinical remission at week 26 after the extended in-
duction phase, or who had achieved either clinical response
or remission at week 52 in a maintenance study while receiv-
ing SC risankizumab 180 mg q8w.*® In the open-label exten-
sion study, participants received risankizumab for a median
33 months, and during this period efficacy outcomes were
maintained [proportion of patients in clinical remission
>71% and endoscopic remission >42%].*

&’ p
STAT3/4

— PTG-200

Tyk Jak2 L

Results from two phase 3 trials, ADVANCE
[NCT03105128] and MOTIVATE [NCT03104413], have
recently been presented.* ADVANCE is a double-blind,
randomized, placebo-controlled trial that assessed the ef-
ficacy and safety of risankizumab for induction therapy of
moderate to severe CD. A total of 850 patients [490 previ-
ously exposed to biologics] were randomized 2:2:1 to receive
IV risankizumab 600 mg, 1200 mg or placebo at baseline,
week 4 and week 8. For regulatory requirements, the clin-
ical response endpoint varied between USA [CDAI-based] and
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outside USA analyses [stool frequency- and abdominal pain-
based]. At week 12. risankizumab was superior to placebo in
all primary endpoints including CDAI-based clinical remis-
sion [CDAI < 150] [45.2% in the 600-mg group, 41.6% in
the 1000-mg group vs 25.2% in placebo], clinical remission
based on patient-reported stool frequency [SF] and abdominal
pain [SF < 2.8 and not worse than baseline and abdominal
pain score <1 and not worse than baseline] [43% and 41%
vs 21%], and endoscopic response [at least 50% decrease in
centrally-read SES-CD][40.3% and 32.2% vs 12.0%].%

The twin study, MOTIVATE, only included CD patients in-
tolerant or who had inadequate response to biologics. A total
of 569 participants were randomized 1:1:1 to receive the same
doses of risankizumab [600 or 1200 mg IV every 4 weeks] or
placebo. Efficacy was measured with the same clinical and
endoscopic endpoints. Consistently with the more refractory
population, efficacy was numerically slightly lower. At week
12, CDAI-based clinical remission was achieved by 42%
and 41% in the risankizumab 600-mg and 1200-mg arms
compared to 19% in placebo, clinical remission defined on
normalized stool frequency and abdominal pain in 35% and
39% in the same groups vs 19% placebo, and endoscopic
response in 29% and 34% vs 11%. All comparisons with pla-
cebo were statistically significant.**

Further analysis of the ADVANCE and MOTIVATE trials
demonstrated that risankizumab at both 600 and 1200 mg
induced higher clinical response and remission compared to
placebo as early as week 4.5

Patients who responded to the 12-week induction treatment
in either ADVANCE or MOTIVATE trials were enrolled in the
phase 3 maintenance study FORTIFY trial [NCT03105102].
A total of 462 participants were re-randomized 1:1:1 to re-
ceive 180 or 360 mg of SC risankizumab or placebo, every
8 weeks. At week 52 clinical remission according to CDAI
[US analysis] occurred in 55% of the 180-mg group, 52% in
the 360-mg group compared to 41% in placebo; in the out-
side US analysis, clinical remission, defined on stool frequency
and abdominal pain, occurred in 46% and 52% vs 40% in
the same groups, but the difference between the 180-mg
group and placebo did not reach statistical significance. The
rate of endoscopic response, a co-primary endpoint, was 47 %
in both treatment groups compared to 22% in placebo.!

2.1.2. Safety

Numerous studies in dermatology showed a reassuring safety
profile for risankizumab, although the doses used are less
than half of those in CD. A meta-analysis of clinical trials
evaluating risankizumab for plaque psoriasis showed no dif-
ference in serious adverse events [SAEs] compared to placebo
(odds ratio [OR] 0.86, p = 0.18), but it did find an increase in
risk number of infections [OR 1.44, p = 0.02].%2 In the field
of IBD no new safety signals were detected. The first period
of the phase 2 trial, albeit short, did not find any difference in
adverse events between placebo [82%] and any risankizumab
arm [78% for 200 mg and 75.6% for 600 mg], and further-
more the majority of SAEs were worsening of CD.* Results
from the open-label extension and maintenance periods,
which included a total of 72 patient-years, were consistent
with the previous induction period. The most common AEs
were arthralgia [22% of patients], headache [20%], abdom-
inal pain [18%], nasopharyngitis [16%], nausea [16%] and
pyrexia [13%], the majority of which were mild or moderate
and considered unrelated to treatment.* Severe AEs, mainly
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worsening of CD and intestinal obstruction, occurred in 11%
of patients, while serious infections, with no apparent com-
mon pattern, were recorded in 4%. In the overall analysis
of all trial periods, eight cases of fungal infection were re-
corded.® Safety data from the phase 3 ADVANCE study were
also encouraging, with no significant differences between
risankizumab and placebo in rates of AEs [56.3% in the 600-
mg group, 51.3% in the 1200-mg group vs 56.5% in pla-
cebo]. Rate of serious AEs and serious infections [7.2% and
3.8% vs 15.1%; 0.8% and 0.5% vs 3.8%] were numerically,
although not significantly, less frequent in risankizumab over
placebo.?

Consistently with previous findings, in the phase 3
FORTIFY maintenance period no new safety risks were ob-
served. SAEs occurred in 12.3% and 13.4% of patients in
the risankizumab 180- and 360-mg groups, respectively, com-
pared to 12.5% in the control group, whereas no significant
difference was found in infectious risk. Two major cardio-
vascular events were recorded, one in the 360-mg arm and
one in the placebo, and both were deemed unrelated to the
study drug.” Similarly, in the open-label long-term extension
study of the phase 2 trial in CD no new safety signal was
detected, and the rate of serious AEs was 24.6/100 patient-
years although mainly related to the gastrointestinal tract and
thus possibly reflecting disease activity. No major cardiovas-
cular events, deaths or reactivation of latent tuberculosis oc-
curred.*

Development of trial emergent anti-drug antibodies oc-
curred in 4% [3/76]* of patients during the phase 2 induction
trial, 8% in the maintenance phase* and 12.5% [8/65] in the
open-label long-term extension study.* In all cases titres were
low and antibodies were not neutralizing.

Overall, risankizumab results in CD are promising.
Interestingly, a phase 3 head-to-head study comparing
risankizumab to ustekinumab for CD is also recruiting and
expected to finish in 2023 [NCT04524611].

Phase II and III trials assessing risankizumab in UC are
under way [NCT03398148,°* NCT03398135°!] with re-
sults expected in 2023. In addition, more safety data could
emerge from ongoing trials in hidradenitis suppurativa
[NCT03926169], ankylosing spondylitis [NCT02047110],
asthma  [NCT02443298] and  atopic  dermatitis
[NCT03706040].

2.2. Mirikizumab

Mirikizumab [LY3074828] is another humanized IgG4-
variant monoclonal antibody selectively targeting the 1L-23
p19 subunit in advanced development for several indications
including UC and CD.

2.3. Ulcerative colitis

The efficacy of mirikizumab in UC was assessed in the AMAC
study, a randomized, double-blind, placebo-controlled phase
2 clinical trial, conducted in 14 countries between 2016 and
2017.% Patients with moderate to severe UC, defined as total
Mayo score of 6-12, were randomized 1:1:1:1 to receive a 12-
week induction with 50 mg mirikizumab exposure-based [EB]
dosing, 200 mg mirikizumab EB dosing, 600 mg mirikizumab
fixed-dose or placebo, all administered intravenously every
4 weeks. The exposure-based dosing allowed for dose ad-
justments titrated on drug serum concentration. The primary
endpoint of the study was clinical remission [Mayo subscores
0 for rectal bleeding, >1 decrease from baseline for stool fre-
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quency, and 0 or 1 for centrally read endoscopy] at week 12.
This was achieved by 15.9,22.6 and 11.5% of patients in the
50-, 200- and 600-mg groups vs 4.8% in the placebo arm.
The difference with placebo was statistically significant only
for the 200-mg EB group [p = 0.004], whereas the 50-mg EB
and 600-mg fixed dose did not reach significance [p = 0.066
and p = 0.142, respectively]. The secondary endpoint included
clinical response at week 12 that was significantly higher in
all the three treatment groups [41.3%, 59.7% and 49.2%]
compared to placebo [20.6%], with greater benefit for the
200-mg EB regimen, and endoscopic improvement that was
significantly higher in the 50- and 200-mg EB groups [23.8%
and 30.6% respectively vs 6.3% in placebo], but not in the
600-mg fixed dose [13.1%]. Endoscopic remission was ob-
served only in 2.7% of treated patients compared with 1.6%
of the placebo group.”

Although the primary endpoints of the induction trial were
not entirely met, in the open-label extended induction trial, 12
additional weeks of high doses of mirikizumab provided in-
cremental benefits.*® In this second study period, patients who
completed the original induction trial were re-randomized to
receive 600 or 1000 mg extension-induction. Of those who
previously did not respond to mirikizumab induction, 15%
and 9.4% respectively achieved clinical remission and 50%
and 43.8% clinical response. Endoscopic improvement was
reported in 20% and 15.6% of the two groups, while endo-
scopic remission only in 3% of the 1000-mg group and in
none of the 600-mg group. In patients who had previously
received placebo and were therefore naive to mirikizumab,
12 weeks of mirikizumab induced clinical remission in 25%
in both the 600- and 1000-mg groups, clinical response in
58.3 and 71.9%, respectively, endoscopic improvement in
25 and 37%, respectively, and endoscopic remission only
in 9.3% of patients receiving 1000 mg and in none in those
receiving 600 mg.*® These findings were in line with those ob-
served in the 200-mg group in the induction phase. Of note,
in the extended induction trial patients previously exposed
to multiple biologics were proportionally more represented
than in the original induction trial, a difference that is likely
to negatively influence the efficacy.

In the maintenance phase, a total of 93 patients who re-
sponded to the induction treatment were randomized 1:1
to receive 200 mg mirikizumab every 12 [q12w] or 4 [q4w]
weeks. At week 52, clinical remission was achieved in 39.7
and 53.7% of patients in the q12w and q4w arms, respect-
ively, and endoscopic improvement [centrally read Mayo
endoscopic subscore 0 or 1] in 28.3 and 14.9% in the q12w
and g4w groups, respectively. Another signal of mirikizumab
sustained benefit was the high percentage of patients [35%]
with clinical response, but not remission, at week 12 who
later achieved clinical remission at week 52.5° In addition,
significant improvements in patient-reported quality of life
assessed through the SF-36 v2 questionnaire were observed
at both weeks 12 and 52.5 Overall, although mirikizumab
did not meet the primary endpoint at week 12, evidence of its
efficacy in inducing and maintaining clinical and endoscopic
response is robust.

Several trials of mirikizumab in UC are ongoing. LUCENT
1 [NCT03518086] and LUCENT 2 [NCT03524092] are
phase 3 trials assessing induction and maintenance treatment,
and LUCENT 3 [NCT03519945] is a long-term open-label
extension of treatment trial; SHINE 1 [NCT04004611] is
a unique phase 2 open-label trial in children and teenagers
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aged 2-17 years; and LUCENT ACT [NCT04469062] is a
placebo and active treatment controlled study comparing
mirikizumab with vedolizumab and placebo.

2.3.1. Crohn’s disease

Mirikizumab is also being investigated in CD. Results from
the phase 2 SERENITY trial [NCT02891226] have been re-
cently presented.’®° A total of 191 patients with moderate
to severe ileal or colonic CD were randomized 2:1:1:2 to re-
ceive placebo, 200, 400, 600 or 1000 mg of IV mirikizumab
at weeks 0, 4 and 8. The primary endpoint of endoscopic
response [defined as at least 50% reduction from baseline
SES-CD] at week 12 was achieved by all mirikizumab groups
[25.8,37.5 and 43.8% in the 200-, 600- and 1000-mg groups,
respectively] compared to placebo [10.9%]. In total, 15.6 and
20.3% of patients receiving 600 and 1000 mg mirikizumab
reached endoscopic remission compared to 1.6% of those on
placebo, whereas for the 200-mg group the difference was
not significant.’® Changes in clinical criteria such as CDAI,
stool frequency [SF| and abdominal pain [AP] confirmed
mirikizumab efficacy. Statistically significant improvement of
CDALI and SF could be observed as early as week 4 for some
dosages, and at week 12 the high dosages groups [600 and
1000 mg] demonstrated superiority compared to placebo for
all three clinical outcomes.*”

In the maintenance trial, patients previously treated with
mirikizumab who achieved at least a 1 point reduction in
SES-CD were randomized 1:1 to continue the IV treatment
q4w or 300 mg mirikizumab SC g4w. Results in the two
groups were encouraging, with endoscopic response in 58.5
and 58.7% in the IV and SC groups, respectively, endoscopic
remission was maintained from week 12 to week 52 in 50.0
and 64.3%, and CDAI remission occurred in 39.0 and 56.5%
in the same groups. Treatment-emergent AEs were similar in
the two arms, occurring in 75.6 and 76.1%, with only two
SAEs in the SC group.®

The phase 3 VIVID 1 trial [NCT03926130] and its open-
label extension study VIVID 2 [NCT04232553] are underway.

2.3.2. Safety

Mirikizumab showed a favourable safety profile in the phase
2 trials in both UC and CD. During the maintenance phase
in UC, although treatment-emergent AEs were observed in
around 70% of patients the great majority were mild, such
as nasopharyngitis, headache and arthralgia. Only 2.2% of
patients in the q12w had to discontinue treatment due to AEs
and none in the g4w arm. All the SAEs recorded were con-
sidered to be unrelated to the drug. One patient with severe
UC suffered a colonic perforation after a sigmoidoscopy; the
remaining SAEs were worsening of UC, gastroenteritis, ap-
pendicitis, respiratory tract infection and non-melanoma skin
cancer. No hypersensitivity reactions were observed.

2.4. Brazikumab

Brazikumab [MEDI2070, formely AMG139] is an IgG2
human monoclonal antibody targeting the IL-23 p19 subunit.
A phase 2a trial [NCT01714726] assessed the safety and ef-
ficacy of brazikumab for induction treatment in 119 CD pa-
tients previously non-responders to anti-TNE®! Participants
were randomized 1:1 to receive 700 mg IV brazikumab [at
the time known as MEDI2070] at baseline and week 4 or pla-
cebo. After week 12 patients entered the open label extension
study [OLE] and continued to receive 210 mg brazikumab SC
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every 4 weeks through week 100 [week 112 from baseline],
although efficacy analysis are not available for the OLE.

At week 8 the treatment arm had a significantly higher
proportion of clinical response [CDAI decrease >100
points] and clinical remission [CDAI < 150] than the pla-
cebo group [49.2% vs 26.7% and 27.1% vs 15.0%, respect-
ively]. Moreover, when considering a composite outcome of
CDAI plus reduction of 50% in either faecal calprotectin
or C-reactive protein, the difference was 42.4% vs 10%
[p < 0.001] in the same groups. the benefits of brazikumab
were sustained also through week 24 in patients who received
continuous treatment compared with placebo. Unfortunately,
the study did not provide endoscopic nor imaging assessment
of the disease.*!

Brazikumab’s safety profile appears reassuring. In the in-
duction phase, placebo and treatment arms recorded simi-
lar proportions of treatment-emergent AEs [65 and 67%,
respectively] and SAEs [8% in both]. The OLE study did
not detect any new safety signal; overall 11.5% of patients
suffered a treatment-emergent AE that required discontinu-
ation, and 19.2% experienced an SAE, half of which were
CD-related. Clinically relevant infectious complications were
numerically greater in the placebo group than in the active
treatment [seven vs four] and no opportunistic infections
were observed. Only three of 199 patients developed antidrug
antibodies. Of note, levels of IL-22, a cytokine regulated by
IL-23, were found to be predictive of response to brazikumab
treatment. If confirmed this could help in selecting patients
for more accurate treatment, but this observation has not yet
been replicated.®!

A phase 2b/3 INTREPID programme is underway to assess
brazikumab compared to placebo or adalimumab in CD.

Brazikumab is also been investigated in UC in the
EXPEDITION trial [NCT03616821], a head to head trial
comparing brazikumab against vedolizumab. After the 10-
week period, patients previously enrolled in the EXPEDITION
[NCT04277546] study were included in an additional open-
label extended induction study.

2.5. Guselkumab

Guselkumab [Tremfya] is a fully human IgG1-lambda mono-
clonal antibody targeting IL-23 approved for treatment of
plaque psoriasis and psoriatic arthritis and currently under
investigation in IBD.

Results from the interim analysis of the phase 2 trial
GALAXY 1 assessing the efficacy and safety of guselkumab
in CD have recently been presented.®? The study was designed
to compare three different dosages of guselkumab [200, 600
and 1200 mg], administered 1V every 4 weeks, with placebo
and with ustekinumab [6 mg/kg IV and then 90 mg SC at
week 8] as reference. A total of 250 patients, half of whom
were previously exposed to biologics, were randomized
1:1:1:1:1 into the five arms. At week 12 rates of clinical remis-
sion [CDAI < 150] were significantly higher in all guselkumab
groups [54.0, 58.0 and 50.0% for 200, 600 and 1200 mg,
respectively] and ustekinumab [44.9%] compared with pla-
cebo [15.7%]. Similarly, more patients had a clinical response
[CDAI decrease of at least 100 points] with guselkumab [66,
68 and 64%] and ustekinumab [67.3%| than with placebo
[23.5%]. Finally, evaluation of the combined clinical and
biochemical markers also supported guselkumab’s efficacy.
Although the study was not powered to assess differences be-
tween guselkumab and ustekinumab, the two drugs appeared
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to achieve similar rates of all outcomes. Importantly, in all
guselkumab groups, the CDAI decrease was clearly appre-
ciable as early as week 4.2

Guselkumab has also been investigated in combination
therapy with golimumab, an anti-TNE for patients with
active moderate to severe UC in the phase 2a randomized,
double-blind, active controlled VEGA study [NCT03662542].
In parallel, the placebo-controlled phase 2b/3 QUASAR trial
[NCT04033445] is actively recruiting and results are ex-
pected by 2026.

Safety data of guselkumab are not yet available in the set-
ting of IBD. However, the general safety profile can be inferred
from pivotal trials and real world experiences in psoriasis and
psoriatic arthritis. In these indications, guselkumab had rates
of AE similar to placebo, with no significant increase of infec-
tious risk and no particular safety signal.®>** A note of caution
is worthwhile, as doses in trials for IBD are roughly double
those approved for psoriasis and psoriatic arthritis [Table 1].

3. Conclusion

The well-established efficacy of IL-12/IL-23 blockade with
ustekinumab provides an encouraging stepping stone for IL-
23-selective agents. In CD, phase 2 trials of risankizumab,
mirikizumab, guselkumab and brazikumab showed promis-
ing results, with clear benefits over placebo in terms of clinical
response, and, in the case of mirikizumab and risankizumab,
also endoscopic response. Efficacy signals were detected
as early as after 4 weeks, supporting a rapid action, a de-
sirable characteristic especially in the setting of more severe
disease. Moreover, a comparison between guselkumab and
ustekinumab, although underpowered, suggest a similar ef-
ficacy profile.

In line with data from other indications, the safety profile
of all anti-IL-23 agents appears particularly favourable, with
no clear increase in infection risk, and no relevant signals re-
lated to neoplastic risks or cardiovascular complications de-
tected across studies in IBD. All IL-23-selective monoclonal
antibodies allow for subcutaneous maintenance administra-
tion with no major concerns regarding injection site reaction.
Related to this, data on immunogenicity are also reassuring
with relatively modest rates of anti-drug antibodies detected.

From a trial perspective, the ongoing registration studies
of anti IL23 agents will provide several exciting novel-
ties. Different studies with active treatment as reference are
underway comparing brazikumab and mirikizumab with
vedolizumab in UC, and brazikumab with adalimumab,
and risankizumab and guselkumab with ustekinumab in
CD. Evidence from these studies will be extremely import-
ant to position anti-IL-23 agents in the therapeutic algo-
rithm. Secondly, a trial assessing the combination therapy of
guselkumab and golimumab in UC, on top of providing use-
ful data on guselkumab’s efficacy and safety, will expand our
knowledge on combination biologics, an exciting new field
in which blockade of IL-23 could play a major role. An on-
going trial of mirikizumab is also addressing the general lack
of data on biologics in children with IBD. Finally, methodo-
logical improvements to trial designs such as endoscopic cen-
tral reading, combined histo-endoscopic endpoints and active
dose adjustments are gaining ground.

Monoclonal antibodies are not the only class of drugs
targeting the IL-23 pathway under investigation. PTG-200,
an orally administered peptide targeting IL-23R has shown
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Table 1. Summary of key efficacy findings

T Lorenzo et al.

Drug IBD type  Phase Patients Induction efficacy™ Maintenance efficacy**
Risankizumab CD 2 121 Figures for combined dosages - clinical remission 71%
- clinical remission 30.5% vs 15.4% - endoscopic remission 35 %
- clinical response 39% vs 20.5% - endoscopic + histological remission 29%
- endoscopic remission 17% vs 3%
- endoscopic response 32% vs 13%
CD 3 ADVANCE 850 Figures for 600 and 1200 mg Figures for 180 and 360 mg
- Clinical remission [CDAI] 45 %, - clinical remission [CDAI] 55%, 52% vs
42% vs 25% in placebo 41%
- endoscopic response 40%, 32% - endoscopic response 47 %, 47% vs 22%
and 12%
CD 3 MOTIVATE 569 Figures for 600 and 1200 mg
- Clinical remission [CDAI] 42 %,
41% vs 19% in placebo
- endoscopic response 29%, 34% and
11%
Mirikizumab ~ CD 2 191 Figures for 200, 600 and 1000 mg Figures for IV and SC groups
- endoscopic response 25.8%, 37.5%, - endoscopic response 58% and 58%
43.8%, vs 10.9% in placebo - endoscopic remission 50% and 64%
- CDAI change -82, -142, -104 vs -31 - clinical remission 39% and 56.5%
placebo
ucC 2 249 Figures for combined dosages Figures for g4w and q8w
- clinical remission 17.4% vs 4.8% - clinical remission 46.8%, 37.0% vs 7.7%
- clinical response 50.0% vs 20.6% - clinical response 80.9%, 76.1% vs 53.8%
- endoscopic remission 2.7% vs 1.6% - endoscopic remission 14.9%, 28.3% vs
- endoscopic improvement 22.6% vs 7.7%
6.3% - endoscopic improvement 57.4%, 47.8%
vs 15.4%
Brazikumab CD 2 119 Figures for combined dosages
- clinical remission 27.1% vs 15.0%
- clinical response 49.2% vs 26.7%
Guselkumab CD 2 250 Figures for combined dosages

- clinical remission 54.0 % vs 15.7%
- clinical response 67.3% vs 23.5%

CD, Crohn’s disease; UC, ulcerative colitis; IBD, inflammatory bowel disease; q4w, every 4 weeks; q8w, every 8 weeks; SC, subcutaneous; CDAIL Crohn’s

disease activity index score.

*Induction data refer to 12 weeks of treatment except for brazikumab [week 8], and maintenance data refer to 52 weeks of treatment.

TAll comparisons with placebo were statistically significant.

*Participants of maintenance studies are a subgroup of total participants of the induction phases.

encouraging results in animal models and healthy volun-
teers,%>%¢ and a phase 2 clinical trial [NCT04102111] in CD is
currently ongoing. If results were positive this could lead to an
additional expansion of the therapeutic armamentarium with
convenient orally administered agents. IL-23 is also central
to another promising therapeutic strategy for IBD, the inhib-
ition of tyrosine kinase 2 [Tyk2].¢” In fact, Tyk2, a type of JAK
kinase, mediates and regulates the signal transduction down-
stream of IL-23, as well as IL-12 and type 1 IFN receptors. In in
vitro and animal models, selective allosteric inhibitors of Tyk2,
such as brepocitinib and deucravacitinib, provide benefits simi-
lar to those of JAK inhibitors with limited toxicities. Ongoing
phase 2 trials will clarify the potential of these compounds.®”
In conclusion, increasing evidence suggests that the block-
ade of IL-23 is an effective and safe therapeutic target for
both CD and UC. Several clinical trials have been completed
or underway and will provide more robust data in the coming
years, including regarding long-term efficacy and safety.
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