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Abstract

Background and Aims: The medical management of inflammatory bowel disease [IBD] has become increasingly targeted, through the iden-
tification of specific immune mediators involved in its pathogenesis. Il:23 is an inflammatory cytokine involved in both innate and adaptive
immunity, which has been identified as a therapeutic target in Crohn's disease [CD] and ulcerative colitis [UC] through its upstream inhibition of
the T helper 17 [Th17] pathway. We sought to review available data on the efficacy of IL-:23 inhibitors in the treatment of IBD and the potential for
clinical and molecular predictors of response to facilitate a personalised medicine approach with these agents.

Methods: \We reviewed and summarised available clinical trial data on the use of the [[-23 inhibitors risankizumab, brazikumab, mirikizumab, and
guselkumab in the treatment of IBD, as well as the evidence from studies of these agents in IBD and other immune-mediated conditions which
might inform prediction of response to 1123 inhibition.

Results: Early clinical trials have demonstrated promising results following both induction and maintenance therapy with 11-23 inhibitors in CD
and UC. Pre- and post-treatment levels of [-:22 and post-treatment levels of 1l-17 have been identified as potential molecular predictors of re-
sponse to therapy, in several studies. No significant clinical predictors of response have been identified thus far.

Conclusions: [-:23 antagonism is a promising therapeutic approach in IBD. Further exploration of molecular and clinical predictors of response

may identify patients most likely to benefit from these medications.
Key Words: IL-23; p19; IBD

1. Introduction

The advent of biologic therapy in the management of inflam-
matory bowel disease [IBD] has had a dramatic impact on
treatment strategies, clinical outcomes, and morbidity in pa-
tients with Crohn’s disease [CD] and ulcerative colitis [UC].!?
While initially limited to anti-tumour necrosis factor [anti-
TNF] agents such as infliximab, adalimumab, certolizumab,
and golimumab, several additional therapeutic pathways
have emerged over the past decade, with approved medica-
tions now including vedolizumab, an antibody to a,f, in-
tegrin which specifically targets the gut immune response,
ustekinumab, an inhibitor of the p40 subunits of interleukin
[IL]-12 and -23, and tofacitinib, a small molecule inhibitor
of the JAK-STAT pathway. These newer agents have allowed
for an increasingly tailored approach to immunotherapy, and
most are associated with preferable side effect profiles as
compared with anti-TNF agents and are thus more appealing
therapeutic agents for certain patient populations.?

The efficacy of ustekinumab in the treatment of both CD and
UC3* underscores the importance of the IL-12 and IL-23 path-
ways in the pathogenesis of IBD and has spurred large-scale
research efforts to develop medications specifically targeting
these cytokines. In particular, several biologic agents targeting
the p19 subunit of 1L-23, a cytokine that shares the p40 sub-
unit of IL-12,° have been developed in recent years and are
currently being studied in late-stage clinical trials. Beyond the

promising efficacy of these highly targeted agents, it is worth
considering whether their potential benefits can be further
heightened by identifying specific patients with a higher like-
lihood of response to p19 blockade. Such an approach is one
goal of personalised medicine, whereby the most effective drug,
among a widening range of drugs with distinct mechanisms of
action, is selected for a specific patient, thereby maximising ef-
ficacy. In order to address this concept, it is important to under-
stand the mechanism of action of IL-23 blockers.

2. The IL-12 and IL-23 Pathways and Their
Role in Inflammatory Bowel Disease

Both IL-12 and IL-23 are pro-inflammatory cytokines in the
interleukin-6 [IL-6] family, which are produced by dendritic
cells, monocytes, and macrophages in the intestinal mucosa.®’
IL-12 is involved in the pathogenesis of several autoimmune
processes [including IBD] through its effects on both innate
and adaptive immunity. Innate immunity is targeted through
the activation of natural killer [NK] cells, NK T cells, and
group 1 innate lymphoid cells (ILC1s, which in turn produce
TNF and interferon vy [IFNYy]). In contrast, adaptive immunity
is influenced through activation of cytotoxic T cells, promo-
tion of B cell class switching to immunoglobulins associated
with T helper 1 [Th1] cells, and upregulation of the tran-
scription factors T-bet and STAT4, which result in increased
expression of Thl cells and with additional downstream
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production of IFNy. Many drugs that target IL-12 do so
through its p40 subunit. Notably, the same p40 subunit can
also combine with an additional subunit called p19, which
leads to the creation of IL-23. It is through the inhibition of
p40 that ustekinumab works to block both IL-12 and IL-23.°

Like IL-12, IL-23 has been implicated in multiple auto-
immune disease processes, also through effects on both innate
and adaptive immune responses. Indeed, the IL-23 receptor
[IL23-R] is expressed on T cells, ILCs, intraepithelial lympho-
cytes, NK cells, intestinal epithelial cells, and granulocytes,
highlighting I1.-23’s expansive role in the pro-inflammatory
response.” Most notable is its involvement in the T helper 17
[Th17] cell activation pathway in combination with trans-
forming growth factor 3 [TGF-f] and cytokines IL-6, IL-1f,
and IL-21, in turn increasing production of IL-17 and thus
TNFo, IFNy, granulocyte-macrophage colony-stimulating
factor [GM-CSF], and other inflammatory chemokines
through stimulation of endothelial cells and monocytes, as
well as IL-21 and IL-22 [Figure 1].>'° Several studies have
demonstrated that patients with IBD have increased intes-
tinal, serum, and plasma levels of IL-23 and Th17 cytokines.
Moreover, studies examining the effect of IL-23 receptor loss
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of function and IL-23 inhibition have demonstrated decreased
risk of IBD and less severe colitis, respectively.'!

Given the complex and far-reaching effects of these immune
pathways, it is reasonable to infer that a blockade of either
cytokine could have profound effects on inflammation and
thus serve as a promising therapeutic target in IBD. Notably,
certain data have suggested that IL-23 has a more significant
pro-inflammatory effect on peripheral tissue inflammation than
IL-12, whereas some studies suggest that IL-12 may have a pro-
tective, anti-inflammatory effect,>!? raising the possibility that
blocking IL-12 may not be desirable in treating IBD. It is this line
of thinking that has prompted the creation and study of medi-
cations explicitly directed at IL-23, specifically its p19 subunit.

2.1. Anti-I-23 agents: data in IBD

A summary of IL-23 inhibitors with associated clinical trial
details can be found in Table 1.

2.2. Risankizumab

Risankizumab is a monoclonal IgG1 antibody to the IL23
p19 subunit which has delivered promising results in early
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Figure 1. Schematic of the Il-23 pathway. Following activation by innate immune cells, 1123, in combination with TGFB, 116, 11-21, and IL-1B, influences
differentiation of naive T cells into Th17 cells. These, in turn, produce several inflammatory cytokines, including IL17A and IL17F [which themselves

produce TNFa, IFNy, GM-CSF, and inflammatory chemokines], 122, and 1L-21.
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studies. In a Phase II, blinded, randomised, placebo-controlled
trial in patients with moderate-to-severe Crohn’s disease,
risankizumab was found to be superior to placebo at all
tested treatment doses in the induction phase for the primary
outcome of clinical remission, defined as Crohn’s Disease
Activity Index [CDAI] <150 at Week 12. Most secondary out-
comes were also met, with significantly more patients in the
pooled risankizumab group achieving clinical response [CDAI
<150 or CDAI reduction from baseline >100], endoscopic re-
mission or response based on reduction in Crohn’s Disease
Endoscopic Index of Severity [CDEIS], and deep remission
characterised by both clinical and endoscopic response to
therapy. Notably, these findings were largely driven by results
from the patients receiving higher-dose risankizumab, sug-
gesting that a higher dose of medication during induction was
associated with increased efficacy. Additional promising find-
ings were seen in the open-label extension of this study, which
revealed a higher proportion of patients in clinical remission
at Week 26 compared with Week 12 in all treatment groups,
as well as 71% of patients on maintenance dosing remaining
in clinical remission at Week 52, though notably with lower
rates of sustained endoscopic remission and healing. More fa-
vourable endoscopic outcomes were observed in patients who
had been in the higher-dose induction group, though rates of
clinical response and remission were similar at Week 52 re-
gardless of induction dosing group.'>'*2!

Additional support for the use of risankizumab in the treat-
ment of moderate-to-severe CD was found in the Phase III
ADVANCE and MOTIVATE trials, in which authors ob-
served that patients treated with 600 mg or 1200 mg of
risankizumab during the 12-week induction period were sig-
nificantly more likely to achieve the co-primary endpoints
of clinical remission [defined as CDAI <150 or average daily
stool frequency of <2.8 and average daily abdominal pain
score of <1] and endoscopic response (defined as reduction
in Simple Endoscopic Score for Crohn’s Disease [SES-CD]
>50% from baseline or at least a two-point reduction from
baseline in patients with ileal disease only) as compared with
placebo. These results were appreciated regardless of prior
biologic exposure, though numerically higher rates of re-
sponse were observed in patients who were biologic-naive.'
No data are yet available on the efficacy of risankizumab in
UC; however, Phase II/III randomised, double-blind, placebo-
controlled studies examining induction and maintenance
therapy in patients with moderate to severe UC are under
way.”!® Additionally, although there have not yet been trials
comparing the efficacy of risankizumab with ustekinumab in
IBD, data from Phase II and III clinical trials in patients with
moderate-to-severe plaque psoriasis have demonstrated su-
perior efficacy of risankizumab in this population, supporting
the hypothesis that explicit targeting of IL-23 may be more
effective than a combined blockade of IL-12 and IL-23.222

2.3. Brazikumab

Brazikumab, a monoclonal IgG2 antibody targeting the p19
subunit of IL-23, has also produced positive results in clin-
ical trials. Findings from a Phase Ila clinical trial of patients
with moderate-to-severe CD with objective evidence of ac-
tive disease, who had either failed or were unable to tolerate
anti-TNF medications, demonstrated a significant difference
in clinical response [defined as reduction in >100 points on
CDAI from baseline] at Week 8 in patients who received IV

Gottlieb and Sands

brazikumab at Weeks 0 and 4 as compared with placebo. A
significant number of patients also achieved a composite out-
come of either clinical response or clinical remission [CDAI
<150] and a 50% decrease in either C-reactive protein [CRP]
or faecal calprotectin [FC] from baseline at Weeks 8 and 12.
Moreover, results from the open-label extension portion of
the study [Weeks 12 to 112, during which all participants
received subcutaneous maintenance dosing every 4 weeks]
showed that patients who received brazikumab in the induc-
tion period and as maintenance therapy had similar rates of
response to those who received placebo during induction and
then started on open-label therapy after Week 12, suggesting
that the medication may be effective even in the absence of
intravenous induction. !

2.4. Mirikizumab

Mirikizumab is a humanised IgG4-isotype monoclonal anti-
body that also targets the p19 subunit of IL-23. Phase II trials
for use in both moderate-to-severe UC and moderate-to-
severe CD have yielded promising results.

Data from a Phase II study of patients with moderate-to-
severe UC receiving mirikizumab induction therapy were
largely positive. Although the primary outcome of the study
was not achieved, as none of the three induction dose regi-
mens of mirikizumab was significantly associated with clin-
ical remission at Week 12 [defined as Mayo subscore of 0 for
rectal bleeding, 0 or 1 for stool frequency with reduction of
>1 point from baseline, and 0 or 1 for endoscopic findings],
the trend in results was positive, with a numerically higher
number of patients in all treatment arms demonstrating the
desired clinical response compared with placebo. Treatment
groups were also numerically more likely to achieve endo-
scopic improvement as well as symptomatic improvement (re-
flected by higher Inflammatory Bowel Disease Questionnaire
[IBDQ)] scores and lower Mayo Clinic scores) at Week 12,
and patients in the two higher induction dosing groups were
more likely to achieve histological response as compared with
placebo. It is important to highlight that two of the three
mirikizumab induction dosing regimens in this study were de-
signed to be adjusted based on patient drug levels, and that
the patients in these groups did not have a significantly better
response than those receiving the standard, unadjusted treat-
ment dose of 600 mg.

Following induction, a large percentage of patients in both
maintenance treatment groups [with dosing either every 4 or
every 12 weeks] had sustained clinical remission or response
at Week 52, with more responders in the group receiving
shorter interval dosing. Of note, most of the endpoints were
achieved in patients regardless of prior biologic exposure, but
several findings were more appreciable in patients who were
biologic-naive. Thus, whereas mirikizumab could be an ap-
propriate option in patients with or without prior treatment
with biologics, it is possible that this medication may be most
effective as a first-line biologic agent in UC."”

Similarly promising results were observed in a Phase 1I
study of mirikizumab for treatment of moderate-to-severe
CD." Authors found that patients in all three treatment
groups achieved the primary outcome of endoscopic response
at Week 12 [defined as a reduction of 50% from baseline
SES-CD score], with the most significant response appre-
ciated in the group receiving the highest dose of the drug.
Patients in all treatment groups were also significantly more
likely to achieve endoscopic remission, patient-reported
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outcome [PRO] response or remission, and percent change in
median high-sensitivity CRP [hsCRP] following induction as
compared with placebo. Patients in the higher-dosing groups
[600 mg or 1000 mg]| also had significantly higher rates of
remission based on CDAI score as well as percent change in
FC following induction, versus patients receiving placebo.
For both hsCRP and FC changes, the greatest improvements
were appreciated in patients receiving the highest dose of
the medication. Notably, clinical improvement [based on
CDAI, PRO, and IBDQ] was observed in patients receiving
mirikizumab as early as 4 weeks into the trial.

During the maintenance period [through Week 52 of
therapy], patients who achieved an endoscopic response
following induction were re-randomised to receive either
IV or SC maintenance therapy every 4 weeks [while sim-
ultaneously receiving the placebo version of the form they
were not being treated with, in order to maintain blinding],
whereas those who did not achieve endoscopic response or
received placebo during induction were all given IV therapy
every 4 weeks. A notable proportion of patients in all main-
tenance groups achieved the desired endoscopic and symp-
tomatic outcomes, with more appreciable results observed
in patients who had achieved endoscopic or clinical re-
sponse or remission during induction. Importantly, there did
not appear to be a notable difference in outcomes between
patients who received IV versus SC maintenance therapy,
suggesting that these formulations may be similarly effica-
cious following induction.'$

2.5. Guselkumab

Guselkumab, an IgG1-lambda monoclonal antibody to the
p19 subunit of IL23, is currently being investigated as a poten-
tial therapy for moderate-to-severely active Crohn’s disease in
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Phase II/III clinical trials [GALAXI 1, 2, and 3].2* Interim ana-
lyses following 12-week induction in GALAXI 1 revealed a
greater reduction in CRP and FC in patients treated with any
dose of guselkumab compared with placebo. Additionally,
combined clinical response [defined as 2100-point reduction
in baseline CDAI score or CDAI <150] and improvement in FC
and CRP was found in more patients treated with guselkumab
than placebo.” Interim analyses of endoscopic improvement
after treatment with guselkumab produced similarly posi-
tive results, with more patients in any guselkumab treatment
group achieving endoscopic response, healing, or remission
compared with patients who received placebo.?’ Additionally,
both studies revealed that patients treated with guselkumab
were slightly numerically more likely to achieve some of the
desired outcomes than those treated with ustekinumab [used
as a reference group], which may further support the hypoth-
esis that explicit targeting of IL-23 is more desirable than a
combined IL-12/IL-23 blockade'?°. Longer-term outcomes
from GALAXI will be important in determining the efficacy
of guselkumab beyond the induction period.

3. Predictors of Response to IL-23 Targeted
Therapy

3.1. Clinical predictors of response to IL-23
antagonists

Several of the aforementioned studies performed subgroup
analyses to identify potential clinical predictors of therapeutic
response to IL-23 inhibition. Some potentially promising pat-
terns were observed [Table 2], but none of these was found
to be significant and thus further research in this area is war-
ranted. For example, Feagan et al. observed that patients who
received the highest dose of risankizumab [600 mg] during

Table 2. Potential methods to predict and/or assess response to =23 inhibition

Biomarker/
predictor

Observed pattern([s]

Patient-based

e Higher induction dosing of risankizumab was associated with higher rates of endoscopic response/remission

e Biologic-naive UC patients had numerically higher rates of clinical remission with mirikizumab compared

® Biologic-naive CD patients had numerically higher rates of clinical remission and endoscopic response
with risankizumab compared with patients with prior biologic exposure [though not statistically significant]'
e CD patients with endoscopic and/or clinical response or remission following induction therapy with

Patients with TNFR2+IL23+ T cells were significantly less likely to respond to anti-TNF therapy®

IL-22 levels decreased following mirikizumab induction therapy for treatment of UC"
IL-22 gene expression in ileal tissue decreased following rizankizumab induction therapy for treatment of

o IL-22 levels decreased following brazikumab induction therapy for treatment of CD®
e [L-22 levels remained suppressed after withdrawal of guselkumab therapy in psoriasis patients with sus-

IL-17 levels decreased with mirikizumab induction therapy for treatment of UCY
IL-17A and IL17F levels remained suppressed after withdrawal of guselkumab therapy in psoriasis pa-

tients with sustained clinical response; IL-17A and IL-17F levels increased following recurrence of symptoms?®

Patients with IL-22 levels greater than the median threshold of 15.6 pg/mL were significantly more likely

factors during maintenance therapy in patients with CD"?
with patients with prior biologic exposure [though not statistically significant]'”
mirikizumab were more likely to have sustained response at Week 5218
TNFR2+IL23+ o
T cells
IL-22 follow- o
ing therapy .
CD13
tained clinical response; IL-22 levels increased following recurrence of symptoms?®
IL-17 follow- o
ing therapy o
IL-22 prior to .
therapy

to achieve clinical response and remission following brazikumab induction therapy for treatment of CD'®

e Patients with elevated IL-22 levels at baseline were significantly more likely to respond to direct IL-22
inhibition with fezakinumab for treatment of atopic dermatitis*’

CD, Crohn’s disease; UC, ulcerative colitis.
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induction had higher rates of mucosal healing and endoscopic
remission and response during maintenance as compared
with patients in other induction groups. However, no base-
line characteristics [including CDAI score, disease duration,
disease location, previous steroid or anti-TNF use, symp-
toms including stool frequency and abdominal pain, or ac-
tive fistulising disease| were found to be significant predictors
of sustained medication response in post-hoc analyses.!*
Additionally, although not statistically significant, Sandborn
et al. found that biologic-naive UC patients in all mirikizumab
treatment groups had numerically higher rates of clinical re-
mission as compared with patients with previous biologic ex-
posure.'” D’Haens et al. also appreciated this pattern in CD
patients treated with any dose of risankizumab during induc-
tion, with numerically more biologic-naive patients achieving
endoscopic response and clinical remission at Week 12.%
Sands et al., however, found inconsistent patterns in response
to mirikizumab, based on prior biologic exposure: authors
observed numerically higher endoscopic response and remis-
sion rates with low-dose [200 mg] mirikizumab in biologic-
naive CD patients compared with biologic-exposed; however,
this difference did not persist with higher doses of medication.
Clinical markers of response based on previous biologic ex-
posure also varied by dose in an unpredictable pattern; for
example, greater rates of CDAI remission were observed in
biologic-naive patients at the 200 mg and 1000 mg doses,
but not at the 600 mg dose. As such, a history of biologic ex-
posure did not appear to be a reliable predictor of response
in this study. Importantly, Sands ez al. did observe that CD
patients who achieved endoscopic and/or clinical response or
remission following induction with mirikizumab were more
likely to have sustained response to maintenance therapy,'® a
finding which could aid in clinical decision making in patients
without a significant response after 12 weeks of therapy. In
summary, additional data are needed to better identify signifi-
cant clinical predictors of response to IL-23 therapy.

3.2. Molecular predictors of response to IL-:23
antagonists

Recent data have demonstrated that differences in the ex-
pression of certain T cell-associated surface proteins may
be associated with an increased likelihood of response to
IL-23 targeted therapy [Table 2]. In their study of patients
with Crohn’s disease before and after treatment with anti-
TNF agents, Schmitt et al. found that patients who did not
respond to anti-TNF agents [i.e. did not achieve an SES-CD
<5 with treatment] had significantly more activity in genes
associated with IL23-R dependent pathways compared with
TNF responders. Additionally, non-responders demonstrated
significant upregulation of IL23p19, IL23-R, and IL17A,
and associated downstream transcription factor pSTAT3
during treatment compared with responders. Further ana-
lyses revealed that non-responders had significantly more T
cells expressing IL23-R in combination with TNF receptor
2 [TNFR2, a receptor that on its own was found to be as-
sociated with increased responsiveness to ant-TNF agents],
and that expression of these particular TNFR2+IL23R+ T
cells was increased in non-responders as they were exposed
to anti-TNF agents. Medication-induced apoptosis was also
reduced in patients with TNFR2+IL23R+ T cells. These find-
ings identify an important potential predictor of response to
IL-23 targeted therapy [as well as non-response to anti-TNF
therapy].?
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3.3. 117 and IL-22 as potential predictors of
disease response

Several studies have also identified IL-22 and IL-17, both
cytokines downstream of IL-23 [Figure 1], as predictors of
response to IL-23 inhibition [Table 2]. In their trial com-
paring mirikizumab with placebo in UC patients, Sandborn
et al. observed a reduction in IL-22 and IL-17 levels in all pa-
tients who received mirikizumab as compared with placebo.
Although the direct relationship between disease activity and
these cytokine levels was not evaluated, authors did find that
patients who received any dose of mirikizumab during induc-
tion also had higher rates of symptomatic remission, lower
Mayo scores, and reductions in CRP and FC at Week 12
compared with placebo.!” Feagan et al. appreciated a similar
result when they compared IL-22 gene expression in ileal bi-
opsies after 12 weeks of treatment with rizankizumab as com-
pared with placebo.!® Consistent findings were also observed
by Gordon et al. in the VOYAGE-2 study, a randomised con-
trolled trial comparing guselkumab with adalimumab and
placebo for the treatment of moderate-to-severe psoriasis.
Authors monitored levels of IL-17A, IL-17F, and IL-22 after
withdrawal of guselkumab therapy in certain randomised pa-
tients at Week 28 of the study, and found that patients who
maintained clinical response despite medication withdrawal
had ongoing suppression of IL-17A, IL-17F, and IL-22,
whereas loss of response was associated with increased serum
levels of IL-17A from Week 40, IL-17F from Week 36, and
IL-22 from Week 44 as compared with the time of medication
withdrawal. Notably, elevations in these markers occurred
several weeks after patients developed recurrent symptoms,
which began as early as Week 32 [4 weeks before elevation
in any studied cytokine]. Additionally, results from logistic
regression models demonstrated that cytokine levels were
weak predictors of disease recurrence. As such, and given that
cytokine levels tended to lag behind clinical symptoms, these
data do not support the use of proactive monitoring of these
cytokines to predict disease recurrence or flare while being
treated with an anti-IL-23 agent.?® It is important to note that
comparable studies have not yet been reported in IBD and
may result in different findings, as the pathophysiology of gut
inflammation in IBD differs from that of psoriasis in the skin.

Preliminary findings suggest that pre-treatment levels of
IL-22 may also predict response to IL-23 inhibition [Table
2]. In their Phase Ila trial comparing brazikumab with pla-
cebo, Sands et al. found that IL-22 levels declined following
treatment. Additionally, patients who had pre-treatment
levels of IL-22 that were greater than or equal to the median
threshold concentration of the population studied [>15.6
pg/mL], were more likely to achieve clinical response [re-
duction in CDAI >100] and remission [CDAI <150] as com-
pared with patients with baseline levels below 15.6 pg/mL.'¢
Brunner et al. found similar results when assessing IL-22
levels before and following direct IL-22 inhibition with
fezakinumab in patients with atopic dermatitis. Like Sands
et al., authors of this study found that patients with higher
IL-22 levels at baseline were significantly more likely to re-
spond to treatment.'®?” By contrast, Powell et al. assayed
IL-22 in the colon tissue of patients with Crohn’s disease.
In their analyses of data from the UNITI study [a Phase III
trial assessing the efficacy of ustekinumab], the authors did
not find that the expression of IL-22 responsive transcripts
in colon tissue before initiation of ustekinumab could be
used to predict response to treatment.?® These findings must
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be interpreted in the context of ustekinumab’s mechanism
of action, which includes inhibition of both the IL-12 and
IL-23 pathways, whereas IL-22 is a downstream cytokine of
only the IL-23 pathway.

4. Application in Clinical Practice

Clinical trial data on the use of anti-IL23 agents for the
treatment in IBD as well as other immune-mediate diseases
have generated impressive results, with some data suggesting
possible superiority to anti-TNFs.? Additionally, the iden-
tification of possible predictors of disease response creates
the potential for a tailored approach to therapy; if there is
a point when testing for the presence of TNFR2+IL23R+ T
cells and tissue IL-22 levels before initiation of therapy be-
comes readily available, the pathway for choosing therapy
[i.e., whether or not to start with an anti-TNF agent versus an
IL-23 inhibitor] may become much more clearly defined on an
individual basis. The ability to trend downstream cytokines
[IL-22, IL-17] in addition to usual inflammatory markers as
a method for non-invasive disease activity monitoring also
holds promise. Ultimately, additional data on both treatment
efficacy and predictors of response [on both a clinical and a
molecular level] are needed to understand how to most effect-
ively employ IL-23 inhibitors in clinical practice.
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