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Abstract: Background: Ustekinumab (UST) has demonstrated effectiveness in treating patients with
Crohn’s disease. Monitoring treatment response can improve disease management and reduce healthcare
costs. We investigated whether UST trough levels (TLs), serum IL22, and Oncostatin M (OSM) levels
could be early indicators of non-response by analysing their correlation with clinical and biochemical
outcomes in CD. Methods: Patients with CD initiating UST treatment from October 2018 to September
2020 were enrolled at six Italian centres for inflammatory bowel disease (IBD). Clinical and biochemical
data were collected at four time points: baseline, second subcutaneous (SC) dose, fourth SC dose, and
52 weeks. TLs were measured during maintenance, at the second SC dose, and at the fourth SC dose.
IL-22 and OSM serum levels were assessed at baseline and the second SC dose. We analysed whether TLs,
IL22 levels, and OSM serum levels were associated with clinical response, clinical remission, biochemical
remission, and endoscopic remission using the appropriate statistical tests. Results: Out of eighty-four
initially enrolled patients, five were lost to follow-up, and eleven discontinued the drug before 52 weeks.
At the 52-week time point, 47% achieved biochemical remission based on faecal calprotectin levels, and
61.8% achieved clinical remission. TLs at the second SC dose significantly correlated with biochemical
remission at the same time point (p = 0.011). However, TLs did not correlate with clinical remission.
Baseline OSM levels did not correlate with biochemical or clinical remission or response. IL22 levels
notably decreased during UST therapy (p = 0.000), but its values did not correlate with biochemical or
clinical remission. Conclusions: UST is an effective therapy for patients with CD. TLs measured at the
second SC dose significantly correlated with biochemical remission, emphasising their potential role in
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treatment monitoring. Levels of OSM and IL-22, despite a significant decrease in the latter during therapy,
did not exhibit correlations with clinical or biochemical outcomes in our study. Further studies are needed
to confirm these findings.

Keywords: inflammatory bowel disease; Crohn’s disease; Oncostatin M; IL-22; ustekinumab trough
levels; ustekinumab

1. Introduction

Crohn’s disease (CD) is a chronic inflammatory disorder of the gastrointestinal tract
that affects millions of individuals worldwide [1]. CD can affect any part of the gastroin-
testinal tract, with the ileocaecum being the most commonly affected site [2]. While some
patients experience a mild disease course, most face a relapsing and remitting pattern with
progressive intestinal damage that may require surgery [3].

The management of CD is multifaceted and depends on disease location, severity, and re-
sponse to previous treatments [4]. The primary goal of therapy is to induce and maintain remis-
sion as well as improve patients’ quality of life [4]. Obtaining enduring, profound remission is
crucial to avert permanent gastrointestinal harm and disability [5,6]. Therapies for CD revolve
around four primary mechanisms of action: agents that target anti-tumour necrosis factor
(anti-TNF), such as infliximab and adalimumab; therapies against anti-interleukin, including
ustekinumab and risankizumab; treatments involving anti-integrin, such as vedolizumab; and
immunomodulators, commonly prescribed alongside anti-TNF agents [7–9].

Ustekinumab (UST, marketed as Stelara; Janssen Biotech, Inc., Horsham, PA, USA)
represents a fully human IgG1 monoclonal antibody designed to target the shared p40
subunit of interleukin 12 (IL12) and 23 (IL23) and effectively inhibit the T-helper 1 (Th1)
and T-helper 17 (Th17) pathways, which play crucial roles in CD [8,10–14]. UST has shown
favourable results in real-life studies [15–18] and a good safety profile [19–25].

In the current scenario, where multiple new compounds with different mechanisms
of action have recently been licensed for use in inflammatory bowel disease (IBD) or are
in late-stage trials, it is not feasible to ascertain the treatment that is most probable to yield
effectiveness while minimising the potential for toxicity in an individual patient [26,27].
Currently, endeavours are underway to integrate precision medicine into IBD management,
taking inspiration from the approaches employed by oncologists. To achieve remission in a
broader cohort, further efforts are warranted, particularly in the pursuit of biomarkers capable
of predicting the efficacy of a particular drug [28–30]. Until now, the treatment approach has
often relied on clinical tools with limited predictive accuracy [31], and potential biomarkers
are under investigation primarily in cases of anti-TNF treatment failure [28,32].

Moreover, customising dosages to optimise treatment responses in IBD presents an
encouraging avenue through the application of therapeutic drug monitoring (TDM) [33].
Reactive TDM involves assessing drug levels and antibodies in response issues in primary
non-response or secondary loss of response to therapy. At the same time, proactive TDM
regularly monitors drug concentrations and adjusts doses to maintain optimal levels.
The utility of TDM in clinical application is well established, particularly concerning
anti-TNF medications [34]. Nevertheless, there is a lack of data to guide clinicians in
establishing target drug-level thresholds when treating patients with CD undergoing UST
treatment. Currently, the optimal range for maintaining UST levels has not been definitively
established, necessitating further research to elucidate the impact of TDM on disease
monitoring and treatment strategies. Extensive data from retrospective and prospective
studies and post hoc analyses of randomised controlled trials (RCTs) demonstrate that
elevated drug concentrations in IBD are linked to enhanced therapeutic outcomes [35].

So, our research sought to explore the significance of potential biomarkers like IL-22 and
Oncostatin M (OSM) in individuals with CD who underwent UST treatment, assessing how
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they relate to treatment outcomes and safety. Additionally, we examined Ustekinumab trough
levels (TLs) to determine their potential in guiding clinicians’ management of CD patients.

2. Materials and Methods
2.1. Population and Study Design

This multicentre prospective cohort study was coordinated by the IBD Unit of Padua
University, involving 5 other Italian IBD centres (Feltre, Genova, Pisa, Pordenone, Santorso).

From October 2018 to September 2020, adult patients with moderate-to-severe CD
who started therapy with UST were prospectively enrolled. We excluded patients who had
undergone surgical intervention within the last 12 months before study enrolment.

As standard clinical practice, patients received a single intravenous (IV) induction of
UST, with dosing depending on body weight: 260 mg if the patient weighed 55 kg or less,
390 mg if the patient weighed between 55 and 85 kg, and 520 mg if the patient weighed
more than 85 kg. Afterwards, the patients received 90 mg of subcutaneous (SC) UST after
eight weeks. Maintenance was carried out with subcutaneous UST administration every
eight weeks (Q8W) or every 12 weeks (Q12W).

After obtaining informed consent, venous blood samples were collected in covered test
tubes (Vacutainer SST II Advance, Roborough, Plymouth, UK). Tubes containing whole blood
were left undisturbed at room temperature for 15–30 min and then centrifugated at 3000× g
for 15 min. Each tube’s resulting supernatant (serum) was stored at −20 ◦C until analysis.
UST TLs were evaluated at the second SC infusion and the fourth SC infusion, while IL22
levels and OSM serum levels were dosed at baseline and the second SC dose. Patients were
prospectively evaluated, and the following parameters were obtained during each follow-up
evaluation: gender, age, disease duration, disease location, disease behaviour, smoking status,
previous treatments, indication for UST treatment, Harvey–Bradshaw index (HBI), Simple
Endoscopic Score for Crohn’s Disease (SES-CD), concomitant prescription of immunosuppres-
sive therapies or corticosteroids, optimisation of UST treatment, hospitalisations related to CD,
and surgical interventions. All adverse events (AEs), not only those that led to discontinuation
of therapy, were recorded. Severe AEs were defined as those requiring hospitalisation or
therapy discontinuation. Blood levels of C-reactive protein (CRP) and faecal calprotectin (FC)
values were also collected at baseline, at the second and fourth SC injections, and at 52 weeks.
An endoscopic assessment was performed at week 52.

The study design is illustrated in Figure 1.
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Figure 1. Study design. Created with Biorender.com. Last accessed on 23 January 2024. From October
2018 to September 2020, adult patients with moderate-to-severe CD initiating therapy with UST were
prospectively enrolled at 6 Italian centres for the treatment of IBD. As per standard clinical practice, patients
received a single intravenous induction of UST, and subsequently, patients received 90 mg of subcutaneous
UST after eight weeks, followed by maintenance therapy administered every eight weeks or twelve weeks.
UST TLs were evaluated at the second and fourth SC infusions, while serum IL22 and OSM levels were
assessed at baseline and the second SC dose. Clinical and biochemical parameters, including C-reactive
protein and faecal calprotectin levels, were collected at baseline, second and fourth SC injections, and at
52 weeks. Additionally, an endoscopic assessment was conducted at week 52.



J. Clin. Med. 2024, 13, 1539 4 of 16

2.2. Definition and Outcomes

According to the medical literature, we defined clinical remission as HBI ≤ 5, steroid-
free clinical remission as HBI ≤ 5 without steroids use, and clinical response as more than
3 points’ reduction in baseline HBI score with a concomitant decrease in steroid dosage
until its discontinuation within eight weeks [36–38]. Biochemical remission was defined as
CRP levels below 5 mg/L throughout the follow-up period and/or FC ≤ 250 µg/g [39].
Endoscopic remission was defined as an SES-CD score < 3 [40]. Treatment failure was
defined as discontinuation of biological therapy due to AEs, lack of clinical response, and
need for hospitalisation/surgery. Finally, we assessed the relationship between clinical and
biochemical responses to UST treatment and serum UST TLs, IL-22, and OSM levels.

2.3. Measurement of Faecal Calprotectin Levels

FC was measured using a commercial quantitative ELISA (Calprest, Dynex Elisa
Eurospital, Trieste, Italy). Faecal samples were diluted 1:250 in the kit-recommended
diluent buffer. FC levels are expressed as µg/gram of wet faeces.

2.4. Measurement of CRP

Serum CRP concentrations were measured using a commercial enzyme-linked im-
munosorbent assay kit (apDia, Belgium, cat. N◦ 740011) able to recognise circulating
CRP. Serum samples were diluted 1:1000, according to the manufacturer’s instruction, and
incubated into a microplate precoated with a monoclonal antibody specific for human
CRP. As suggested, sample concentrations were retrieved by generating a linear curve
fit using GraphPad Prism v.9 (GraphPad Software, San Diego, CA, USA). The minimum
detectable concentration was ∼0.02 µg/mL. Intra-assay and inter-assay coefficients of vari-
ation ranged from 4.1% to 6.9% and 5.8% to 6.3%, respectively. A value of CRP ≥ 5 mg/L
was considered abnormal.

2.5. Measurement of Serum UST Trough Levels

Trough levels of UST were quantified using a specific biotinylated antibody directed
against the idiotype of UST in an enzyme-linked immunosorbent assay (ELISA), according
to the manufacturer’s protocol (ImmunoGuide, AybayTech Biotechnology, Ankara, Turkey).
This assay can measure UST TLs from 0.04 to 1.00 µg/mL with a 2 ng/mL detection limit.
Blood was collected before the next dose (trough concentration).

2.6. Cytokine Analysis

For the quantification of IL-22 and OSM in human serum samples, the human IL-22
ELISA Kit (Raybiotech Inc., Peachtree Corners, GA, USA) and Human Oncostatin M Elisa
kit (EHOSM) (Thermo-Fisher-Scientific, Waltham, MA, USA) were used following the
manufacturer’s guidelines. Results are expressed as picogram per millilitre.

All blood samples and results were collected and analysed blindly until the end of
the study. Biologists performing the analysis of UST TLs were blinded to the clinical,
endoscopic, and biochemical data of UST-treated patients.

2.7. Statistical Analysis

Data were analysed using STATA 11.1 software (Stata Corp., College Station, TX, USA)
and IBM SPSS Statistics software version 26 (IBM Corp., Armonk, NY, USA). Continuous
variables are reported as medians with interquartile ranges from 25% to 75%, and categor-
ical variables are reported as frequencies and percentages. The differences between the
independent groups were evaluated using Student’s t-test or the Mann–Whitney exact test,
as appropriate. To determine if there is a statistically significant difference in proportion
between paired data, we used McNemar’s test. At the same time, comparison between
ordinal or continuous values over the study period was performed using the Wilcoxon
signed-rank test. Statistical significance was set for values of p ≤ 0.05.
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3. Results
3.1. Baseline Characteristics

Overall, eighty-four patients with CD treated with UST were enrolled, of whom five
were lost to follow-up, and eleven discontinued the drug before 52 weeks. Their baseline
characteristics are presented in Table 1. Most of the patients were men (61.9%). Among the
included patients, only three patients (3.5%) were anti-TNF-naïve due to contraindications
to its use. The median baseline HBI score was 5. At study initiation, 22.6% of patients
were receiving concomitant corticosteroids. Median FC values at baseline were 1000 µg/g,
IQR: 452–1900. As for endoscopic parameters, the median SES-CD score was 7 (IQR: 3–13).
Forty-six patients (54.8%) had had prior intestinal resection.

Table 1. Baseline characteristics of patients with Crohn’s disease initiating ustekinumab.

n = 84

Age at diagnosis (years) Median (IQR) 27 (19–40)
Age at inclusion (years) Mean (SD) 43 (14)
Female n (%) 32 (38.1%)
Disease duration (years) Median (IQR) 12 (7–21)
Follow-up (months) Median (IQR) 15 (13–16)
Active smoking n (%) 10 (11.9%)
Disease activity
SES-CD score Median (IQR) 7 (3.00–13.00)
HBI score Median (IQR) 5 (2–9)
CRP above the upper normal limit n (%) 38 (45.2%)
Faecal calprotectin (mg/kg) Median (IQR) 1000 (452–1900)
Age at onset

Below 16 years n (%) 15 (17.8%)
Between 16 and 40 years n (%) 47 (55.9%)

Above 40 years n (%) 22 (26.2%)
Disease location

Ileum n (%) 17 (20.2%)
Colon n (%) 18 (21.4%)

Ileocolonic n (%) 40 (47.6%)
Additional upper GI n (%) 9 (10.7%)

Disease behaviour
Inflammatory n (%) 22 (26.2%)

Stricturing n (%) 31 (36.9%)
Penetrating n (%) 33 (39.3%)

Perianal disease n (%) 23 (27.4%)
Extraintestinal manifestations n (%) 42 (50%)
Prior intestinal resection n (%) 46 (54.8%)
Prior perianal fistula surgical intervention n (%) 23 (27.4%)
Prior treatment

1 anti-TNF n (%) 81 (96.4%)
≥2 anti-TNF n (%) 58 (69.0%)

Vedolizumab n (%) 42 (50.0%)
Both vedolizumab and anti-TNF n (%) 39 (46.4%)

Concomitant treatment
Oral prednisone n (%) 19 (22.6%)

Thiopurine n (%) 8 (9.5%)
Methotrexate n (%) 2 (2.3%)

3.2. Clinical, Biochemical, and Endoscopic Outcomes
3.2.1. Clinical Outcomes

By the second SC dose, 57 patients (67.8%) were in clinical remission (p = 0.007), and
50 patients (59.5%) were in steroid-free clinical remission (p = 0.017). Upon reaching the
fourth infusion, a total of 52 patients (61.9%) were in clinical remission (p = 0.002), and
among these, 46 patients (54.7%) were also in steroid-free clinical remission (p = 0.003). By
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the 52nd week, 42 patients (61.7%) had achieved clinical remission (p = 0.009). Among
these, 41 patients (60.2%) were in steroid-free clinical remission (p = 0.001).

3.2.2. Biochemical Outcomes

By the second and fourth SC injections, 13 (15.47%) and 27 patients (32.1%) had
achieved biochemical remission based on FC levels. Additionally, at 52 weeks, 32 pa-
tients (47.0%) demonstrated negative values for FC. From baseline to the second SC
dose, we found a statistically significant reduction in median FC values (1000 µg/g, IQR:
452–1900 µg/g vs. 330 µg/g, IQR: 115–1260, p < 0.0001). Subsequently, the median FC
value was significantly lower compared to baseline at the fourth SC dose (461 µg/g, IQR:
119–1428, p = 0.035) and 52 weeks (244 µg/g, IQR: 82–798, p = 0.036). Initially, 46 patients
(54.7%) had negative CRP values; the number increased to 55 patients (65.4%) in biochemi-
cal remission according to PCR levels at the fourth SC dose (p = 0.041). This trend persisted
through week 52, with 47 participants (69.1%) maintaining biochemical remission according
to PCR levels (p = 0.017).

3.2.3. Endoscopic Outcomes

At week 52, 52 patients (68.0%) were in endoscopic remission. As for the baseline, the
median SES-CD score significantly improved, with a value of 3 (IQR:1–5; p < 0.001) at week 52.

All the outcomes of the population under study are represented in Figure 2.
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Figure 2. Clinical, biochemical, and endoscopic remission in patients with CD undergoing ustek-
inumab therapy. The light shade signifies clinical remission, while medium blue indicates biochemical
remission, and dark blue denotes endoscopic remission, all as defined within the paper. The figure
displays the outcomes of ustekinumab therapy in patients with CD. By the second SC dose, 67.8%
had achieved clinical remission, slightly decreasing to 61.9% by the fourth dose and 61.7% by week 52.
Based on FC levels, biochemical remission rates were 15.47% in the second and 32.1% in the fourth
dose. By week 52, 47.0% demonstrated negative FC values. Endoscopic remission had been achieved
in 68.0% of patients by week 52, with a significant improvement in SES-CD score from baseline.

3.3. Optimisation of Ustekinumab Dosing

Most patients had UST optimised to Q8W at the second SC dose, and the percentage
gradually increased from 73% to 81%. Therefore, 27% of patients continued having UST
administered Q12W at the second SC dose (n = 22) and 25% (n = 21) at the fourth SC dose;
by week 52, the number of patients still maintaining this dosing schedule had reduced
to 19% (n = 13; p = 0.092). There were no statistically significant differences observed in
the achievement of either clinical remission (p = 0.261) or steroid-free clinical remission
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(p = 0.338) between the two dosing intervals (Q8W and Q12W). Furthermore, there was
no discrepancy in attaining biochemical remission (p = 0.182). There was no significant
difference in the occurrence of adverse events between patients who followed the two
distinct dosing schedules at various time points (p = 0.279; p = 0.272; p = 0.218).

3.4. Safety Profile and Drug Discontinuation

In total, fourteen AEs were reported, ten mild and four severe. The types of AEs are
described in the Supplementary Files, Table S1. Among the eighty-four enrolled patients,
five were lost to follow-up and eleven discontinued the medication during the 52-week
follow-up period. Among the latter, nine discontinued the drug due to lack of effectiveness,
one due to colic perforation and abscess formation, and one stopped the treatment due to
an allergic cutaneous reaction.

3.5. Ustekinumab Trough Levels

The median TLs of UST at the second SC dose were 2.89 µg/mL (IQR 1.12–3.99),
decreasing to 2.45 µg/mL (IQR 1.33–6.70) at the fourth SC dose, although not significantly
(p = 0.263). Those achieving steroid-free clinical remission at the second SC dose had
higher TLs (3.11 µg/mL ± 2.03) compared to those who did not (2.28 µg/mL ± 1.74,
p = 0.216). Similarly, those achieving biochemical remission based on FC values at the
second SC dose had higher average TLs (3.51 µg/mL ± 1.65) compared to those who
did not (2.41 µg/mL ± 2.05, p = 0.011). At the fourth SC dose, patients in steroid-free
clinical remission had higher mean TLs (4.08 µg/mL ± 3.46) than those who were not
(2.71 µg/mL ± 2.51, p = 0.367). Similarly, those in biochemical remission based on FC value
had higher mean TLs (5.49 µg/mL ± 4.22) compared to those who were not (2.73 µg/mL
± 2.16, p = 0.165). UST TLs compared to outcomes are represented in Figure 3. Clinical and
biochemical outcomes at the fourth SC dose are depicted in Supplementary files, Table S2.
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Figure 3. Comparison of ustekinumab TLs at second and fourth SC dose with clinical and biochem-
ical outcomes at those time points. This figure illustrates the comparison of ustekinumab TLs at
the second and fourth SC doses with clinical and biochemical outcomes at those time points. At
the second and fourth SC dose, patients achieving steroid-free clinical remission had higher TLs
(3.11 µg/mL ± 2.03 and 4.08 µg/mL ± 3.46) compared to those who did not (2.28 µg/mL ± 1.74,
p = 0.216 and 2.71 µg/mL ± 2.51, p = 0.367). At the second SC dose, those achieving biochemical
remission based on FC values had higher average TLs (3.51 µg/mL ± 1.65 and 5.49 µg/mL ± 4.22)
compared to those who did not (2.41 µg/mL ± 2.05, p = 0.011 and 2.73 µg/mL ± 2.16, p = 0.165). On
the contrary, UST TLs were lower in patients with a negative PCR at the second and fourth SC doses.
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TL concentrations at the second and fourth SC doses were similar between patients
using immunosuppressants or steroids and non-users. No notable differences in TLs were
observed between patients experiencing AEs and those who did not by the fourth SC dose.
Logistic regression analysis showed no correlation between UST TLs and AEs at the second
and fourth SC doses. TLs at the fourth SC dose were not influenced by interval dosing,
and there were no significant differences in TLs among patients who underwent resection
surgery during the study period.

3.6. Oncostatin M Plasma Values

Baseline median OSM was 112.09 pg/mL (IQR = 46.0–312.9) and decreased to 67.5 pg/mL
(IQR = 33.6–365.1; p = 0.889) at the second dose. At the second SC dose, median OSM was
higher in patients in steroid-free clinical remission and patients with biochemical remission
based on FC (p = 0.1597; p = 0.169). There was no correlation between baseline OSM levels
and those at the second SC dose and clinical response or steroid-free clinical remission. OSM
levels compared to outcomes are represented in Figure 4.
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Figure 4. Comparison of Oncostatin M at baseline and second SC dose with clinical and biochemical
outcomes and endoscopic evaluations at baseline. This figure presents a comparison of OSM levels
at baseline and the second SC dose with clinical and biochemical outcomes at baseline, as well as
endoscopic evaluations at baseline. At the second SC dose, median OSM was higher in patients
achieving steroid-free clinical remission and those in biochemical remission based on FC. However,
the differences were not statistically significant (p = 0.1597; p = 0.169). No other significant correlations
were found when compared to outcomes.

3.7. IL-22 Plasma Values

Median IL-22 levels significantly decreased from baseline to the second SC dose
(86.19 pg/mL, IQR 65.71–94.79 vs. 17.72 pg/mL, IQR 8.50–26.45; p = 0.000). IL-22 levels at
the second SC dose were lower in patients with clinical response and biochemical remission
based on FC, although without a statistically significant difference (p = 0.524; p = 0.528).
IL-22 plasma values compared to outcomes are represented in Figure 5.
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Figure 5. Comparison of IL-22 at baseline and second SC dose with clinical and biochemical outcomes
and endoscopic evaluations at baseline. This figure depicts the comparison of IL-22 levels at baseline
and the second SC dose with clinical and biochemical outcomes at baseline and endoscopic assessment
at baseline. IL-22 levels at the second SC dose were lower in patients with biochemical remission
based on FC, although without a statistically significant difference (p = 0.528). No other significant
correlations were found when compared to outcomes.

4. Discussion

For patients with CD, a personalised approach is critical and successful patient-specific
treatment is of paramount importance [41]. Our study examined the levels of IL-22, OSM,
and TLs in the serum of patients with CD undergoing ustekinumab therapy, evaluating
their role as potential prognostic biomarkers. The pursuit of predictive biomarkers has
been fuelled by the expanding range of available treatments and their varying degrees
of effectiveness. However, most studies on biomarkers have primarily focused on non-
response to anti-TNF therapies [42].

At the second SC dose, 67.8% of patients were in clinical remission (p = 0.007), and
60.2% were in steroid-free clinical remission (p = 0.017). At 52 weeks, 61.7% of patients were
in clinical remission (p = 0.009) and 60.2% were in steroid-free clinical remission (p = 0.001).
UST TLs at the second SC dose significantly correlated with biochemical remission at
the same time point (p = 0.01) but not with steroid-free clinical remission (p = 0.216). At
the second SC dose, mean OSM was higher in patients in steroid-free clinical remission
and patients in biochemical remission, although not significantly (p = 0.1597; p = 0.169).
Moreover, we found median IL-22 levels to be 86.19 pg/mL (IQR 65.71–94.79) during the
initial assessment but significantly decreased to 17.72 pg/mL (IQR 8.50–26.45; p < 0.001)
after the second SC dose. However, IL-22 plasma levels were not significantly different in
those achieving clinical and biochemical remission at that time point.

A recent systematic review and meta-analysis, including 63 real-world studies involv-
ing 8529 patients with CD treated with UST, reported varying rates of clinical remission:
37% (28–46%) in the short term, 42% (36–49%) in the medium term, and 45% (37–53%) in
the long term [43]. The variations observed in these results may be partially ascribed to
the different criteria used to define clinical remission, the clinical assessment’s timing, and
UST’s varied dosing schedules. Regarding the first point, the meta-analysis conducted
by Rubín de Célix et al. included studies that employed diverse assessment tools, such
as Physician Global Assessment (PGA). In contrast, our study exclusively utilised HBI
for defining clinical remission. As per the timing of the assessment, Rubín de Célix et al.
defined short-term as occurring between 8 and 14 weeks, and in our study, short-term
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evaluation took place at the second subcutaneous dose. In the previously mentioned
meta-analysis, the endoscopic remission rate was 33% over the long term (48 to 52 weeks),
which is lower than our findings [43,44]. This disparity could be attributed to our elevated
proportion of patients with a history of intestinal resection, where the SES-CD score might
underestimate the endoscopic data and the drop-out rate. To our knowledge, the safety of
UST in patients with CD in observational studies was recently summarised by Honap et al.,
where 498 AEs were reported in 2977 patients (17%), resulting in a pooled estimate of the
incidence rate of 14% [45]. This aligns with our study, where 15.4% of patients developed
AEs, with severe AEs in 4.7% of patients. The proportion of serious AEs in observational
real-world studies is low, and only a minority (6.8%) lead to the discontinuation of UST
treatment [43].

IL-22 is a member of the IL-10 cytokine family, primarily from several immune cell
types, with Th1 and Th22 cells being its main contributors [46]. IL-22 is a significant
communication mode connecting the immune system with specialised tissue cells, such
as the skin, gut, lungs, and liver [46]. The role of IL-22 in IBD is challenging to elucidate.
While IL-22 is essential in promoting mucus production and stimulating the proliferation
of epithelial cells, its Janus-faced nature has been recognised in inflammatory and autoim-
mune disorders. Certain studies have indicated that it can stimulate inflammation and
tumourigenesis in specific contexts [47–49] or that it may contribute to the development of
IBD [50–53]. These conflicting data, however, point towards a protective role of IL-22 in
IBD where it could promote epithelial repair. Both recombinant IL-22 and IL-22 agonists are
being studied as a therapy in IBD [54,55]. An antibody that blocks IL-23, like UST, should
hinder the development and growth of pathogenic Th17 cells dependent on IL-23, resulting
in a decrease in cytokines linked to this cell type, including IL-22 [56]. Higher doses of IL-22
plasma levels have been associated with higher disease activity in IBD patients defined
with clinical scores in a recent study by the SPARC registry [57]. In clinical trials evaluating
the efficacy of risankizumab and brazikumab, two monoclonal antibodies targeting the
IL-23 p19 subunit in individuals with moderately-to-severely active CD, IL-22 plasma
concentrations were assessed. A pooled analysis of 52 patients with CD who received
risankizumab in ADVANCE or MOTIVATE and FORTIFY showed that induction baseline
serum IL-22 concentrations were not predictive of week 52 stool frequency, abdominal pain
score, clinical remission, clinical response, endoscopic response, or endoscopic remission.
In contrast, during the phase 2a INTREPID study, serum IL-22 emerged as a potential
biomarker for brazikumab’s efficacy. Following brazikumab induction therapy for CD,
IL-22 levels decreased, and patients with IL-22 levels exceeding the median threshold of
15.6 pg/mL were notably more likely to achieve clinical response and remission than the
placebo group. The substantial reduction in IL-22 levels observed in our study during UST
therapy aligns with results reported in previous clinical trials involving risankizumab and
brazikumab. Nevertheless, neither the baseline levels of IL-22 nor those at the second SC
dose exhibited a precise predictive capacity for achieving clinical or endoscopic remission.
These findings diverge from those reported in a recent brazikumab trial but concur with
the results of the risankizumab trial. It is essential to note that our study was prospective,
featured a relatively smaller sample size, lacked a placebo group for comparative analysis,
and encompassed both Q12W and Q8W UST therapy regimens. As such, these findings
necessitate validation through larger cohorts, considering potential patient selection bias.

OSM is a glycoprotein that belongs to the interleukin-6 family of cytokines and func-
tions mainly in cell growth [58]. OSM can promote tissue repair and support diverse home-
ostatic processes, but its overproduction is thought to promote a variety of pathologies,
including skin and lung inflammation, atherosclerosis, and several forms of cancer [59,60].
The involvement of the OSM-OSMR axis in the pathogenesis of IBD was initially identi-
fied by detecting a disease susceptibility single-nucleotide polymorphism (SNP) located
within the OSMR locus on chromosome 5 [61]. In the context of serum OSM levels, the
available evidence lacks uniformity. Higher serum OSM levels were found in patients
who subsequently lost response to infliximab therapy [62–64]. However, in this case, data



J. Clin. Med. 2024, 13, 1539 11 of 16

were incoherent, and the cited studies’ sample size was limited [65]. An initial proteomic
examination conducted within the extensive PANTS cohort has confirmed that baseline
serum levels of OSM remain uncorrelated with the response to anti-TNF therapy in indi-
viduals diagnosed with CD [66]. In one study, serum OSM levels before treatment could
not predict response to vedolizumab in IBD [65]. Likewise, our investigation reveals a
disparity between OSM values and remission status, as defined by clinical, endoscopic,
and biochemical criteria. We did not observe any correlation between OSM plasma levels
and the reduced efficacy of UST. Further studies on this subject are required, with a larger
cohort to confirm and validate these results.

Various studies have detailed the connection between UST TLs and clinical response
in CD. The pharmacokinetic characteristics of UST have initially been delineated in indi-
viduals with psoriasis. In the case of patients with CD, the variability in UST clearance
is influenced by factors such as body weight, serum albumin concentration, CRP levels,
the history of TNF antagonist treatment failure, gender, racial background (Asian ver-
sus non-Asian), and the presence or absence of antibodies to UST [67]. Analysis of drug
concentrations derived from pivotal induction UNITI clinical trials revealed that a steady
state had been achieved by the second SC maintenance dose [68]. Intriguingly, patients
with elevated drug concentrations exhibited higher rates of clinical remission, endoscopic
improvement, and biochemical remission [68]. The volume of publications about TDM of
UST in patients with IBD is rising. Real-world studies have indicated a correlation between
UST levels and clinical outcome measures [69–75], endoscopic outcomes [70,76–79], or
biochemical ones [72–74,76,80–82]. Although these findings were not confirmed by evi-
dence on clinical outcomes [80–83] or endoscopic outcomes [80,81], most real-world studies
affirm the significance of trough concentrations in CD. It is worth mentioning that subse-
quent observational studies have individuated higher optimal TL concentrations than those
identified in RCTs. Disparities emerge concerning assay methodologies (including ELISA
and homogeneous mobility shift assay (HMSA)), dosing intervals, timing of TL dosing at
endoscopic, biochemical, and clinical assessment, and definition of remission or response.
These discrepancies manifest as contradictions in delineating the ideal therapeutic range
across these studies. In our study, median UST TLs were 2.89 µg/mL (IQR 1.12–3.99) at
the second SC dose and 2.45 µg/mL (IQR 1.33–6.70) at the fourth SC dose. The TLs in
our cohort were higher than the post hoc IM-UNITI analyses. In IM-UNITI, the median
concentrations measured just before administration remained consistent from week 8 to
week 44 for both the Q8W group (ranging from 2.0 mg/mL to 2.2 mg/mL at IM-UNITI
weeks 8, 16, 24, 32, and 40) and the Q12W group (ranging from 0.6 mg/mL to 0.8 mg/mL
at IM-UNITI weeks 12, 24, and 36). Average UST concentrations in the Q8W group were
approximately three times higher than those in the Q12W group both in the UNITI and
IM-UNITI trials [44,68]. In our cohort, the mean levels were not significantly different
between the Q12W and the Q8W groups, both at the second SC dose and at the fourth
SC dose. In IM-UNITI, there was a tendency towards achieving higher clinical remission
rates in the UST Q8W group [44]. Conversely, clinical remission was not associated with
dosing interval in our study. However, most of our patients had UST administered Q8W
and patients at the two dosing intervals were not matched. It could be inferred that patients
with increased disease activity or more significant risk factors were optimised earlier; thus,
this outcome needs to be appropriately contextualised. Notably, our study reaffirmed
the autonomy of UST TLs from immunomodulators. Unlike anti-TNF-α medications, it
appears that the simultaneous utilisation of immunomodulators does not substantially
influence UST concentrations.

One of the strengths of our study is that we enrolled a homogenous study cohort
consisting of individuals with moderate-to-severe CD exhibiting similar baseline charac-
teristics, including disease duration, medical history, and prior treatments. Moreover, this
patient population aligns with those found in other real-world cohorts [12,13,84]. Another
noteworthy strength lies in the systematic assessment of UST levels, IL-22, and OSM using
ELISA tests. Nonetheless, several limitations must be recognised. These include the rela-
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tively small sample size and the exclusive inclusion of Italian patients. Consequently, our
study population may not be fully representative of a more diverse global population. The
utilisation of the HBI as the sole measure of clinical remission is a limitation, as its useful-
ness and validity have faced criticism. Additionally, it is essential to emphasise that while
our study identifies associations, it cannot establish causation between cytokine analysis
and treatment outcomes. A potential limitation of our study is the higher percentage of
patients with a history of intestinal resection, which may lead to the underestimation of
endoscopic data by the SES-CD score.

5. Conclusions

In conclusion, our findings suggest a connection between UST TLs at the second dose
and the achievement of biochemical remission in individuals with CD. To ascertain whether
treatment outcomes can be enhanced through dose escalation guided by TLs, there is a
requirement for prospective randomised trials. Although serum OSM levels at baseline
were lower in patients in biochemical remission, these concentrations were not coherently
associated with clinical outcomes. IL22 levels significantly lowered during UST therapy
but did not correlate with clinical and biochemical remission.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm13061539/s1, Table S1: Adverse events in patients undergoing
ustekinumab therapy during the study period; Table S2: Clinical and biochemical outcomes at the
fourth SC dose in patients with 12- and 8-week ustekinumab dosing intervals.

Author Contributions: L.B. (Luisa Bertin), B.B., F.Z. and E.V.S. conceived and drafted the study. L.B.
(Luisa Bertin), A.G., A.P., B.B., G.B., A.B., R.S., L.B. (Lorenzo Bertani), A.F., M.D.B., F.C., P.V., M.T.U.,
A.M., I.A., M.S., F.C. and L.C. collected all data. F.Z. and G.D.C. analysed the data. L.B. (Luisa Bertin),
B.B., F.Z. and E.V.S. drafted the manuscript. All authors commented on drafts of the paper. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the University of Padova’s Ethics Committee as part of a larger study
aimed at evaluating the disease course and characteristics of IBD patients from the introduction of
biologics in clinical practice (N. 3312/AO/14) modified with approval date: 1/7/2016.

Informed Consent Statement: Informed consent was obtained from all individual participants
included in the study.

Data Availability Statement: The datasets used and/or analysed during the current study are
available from the corresponding author upon reasonable request.

Conflicts of Interest: Edoardo Vincenzo Savarino has served as speaker for Abbvie, Agave, AG-
Pharma, Alfasigma, Aurora Pharma, CaDiGroup, Celltrion, Dr. Falk, EG Stada Group, Fenix Pharma,
Fresenius Kabi, Galapagos, Janssen, JB Pharmaceuticals, Innovamedica/Adacyte, Malesci, May-
olyBiohealth, Omega Pharma, Pfizer, Reckitt Benckiser, Sandoz, SILA, Sofar, Takeda, Tillots, and
Unifarco; has served as a consultant for Abbvie, Agave, Alfasigma, Biogen, Bristol-Myers Squibb,
Celltrion, DiademaFarmaceutici, Dr. Falk, Fenix Pharma, Fresenius Kabi, Janssen, JB Pharmaceuticals,
Merck & Co, Nestlè, Reckitt Benckiser, Regeneron, Sanofi, SILA, Sofar, Synformulas GmbH, Takeda,
and Unifarco; he has received research support from Pfizer, Reckitt Benckiser, SILA, Sofar, Unifarco,
Zeta Farmaceutici. Fabiana Zingone has served as a speaker for EG Stada Group, Fresenius Kabi,
Janssen, Pfizer, Takeda, Unifarco, Malesci, and Kedrion; and has served as a consultant for Galapagos.
Brigida Barberio has served as a speaker for Abbvie, Agave, Alfasigma, AGpharma, Janssen, MSD,
Procise, Sofar, Takeda, and Unifarco. Giorgia Bodini has served as a speaker for Abbvie, Lilly, San-
doz, Janssen, and Takeda. Lorenzo Bertani has received lecture fees, consultancy fees, or advisory
board honoraria from Abbvie, Aliveda, Janssen, Noos, Pfizer, Pharmanutra, Takeda, and Zambon.
Alessandro Gubbiotti: none. Francesco Costa has served as speaker for Abbvie, Biogen, Diasorin,
Eurospital, Ferring, Galapagos, Janssen, Pfizer, Takeda, Thermo-Fisher, and Zambon; has served as a
consultant for Abbvie, Amgen, Biogen, Eurospital, Ferring, Fresenius Kabi, Galapagos, Janssen, MSD,
Pfizer, and Takeda. Linda Ceccarelli: none; Pierfrancesco Visaggi: none; Andrea Pasta: none; Renato

https://www.mdpi.com/article/10.3390/jcm13061539/s1
https://www.mdpi.com/article/10.3390/jcm13061539/s1


J. Clin. Med. 2024, 13, 1539 13 of 16

Sablich: none; Maria Teresa Urbano: none; Antonio Ferronato: none; Andrea Buda: none; Manuela
De Bona: none; Giulio del Corso: none; Imerio Angriman: none; Marco Scarpa: none; Alessandro
Massano: none.

References
1. Torres, J.; Mehandru, S.; Colombel, J.-F.; Peyrin-Biroulet, L. Crohn’s Disease. Lancet 2017, 389, 1741–1755. [CrossRef]
2. Chang, J.T. Pathophysiology of Inflammatory Bowel Diseases. N. Engl. J. Med. 2020, 383, 2652–2664. [CrossRef]
3. Cosnes, J.; Cattan, S.; Blain, A.; Beaugerie, L.; Carbonnel, F.; Parc, R.; Gendre, J.-P. Long-Term Evolution of Disease Behavior of

Crohn’s Disease. Inflamm. Bowel Dis. 2002, 8, 244–250. [CrossRef] [PubMed]
4. Torres, J.; Bonovas, S.; Doherty, G.; Kucharzik, T.; Gisbert, J.P.; Raine, T.; Adamina, M.; Armuzzi, A.; Bachmann, O.; Bager, P.; et al.

ECCO Guidelines on Therapeutics in Crohn’s Disease: Medical Treatment. J. Crohn’s Colitis 2020, 14, 4–22. [CrossRef] [PubMed]
5. Baumgart, D.C.; Sandborn, W.J. Crohn’s Disease. Lancet 2012, 380, 1590–1605. [CrossRef] [PubMed]
6. Peyrin-Biroulet, L.; Loftus, E.V.; Colombel, J.-F.; Sandborn, W.J. The Natural History of Adult Crohn’s Disease in Population-Based

Cohorts. Am. J. Gastroenterol. 2010, 105, 289–297. [CrossRef] [PubMed]
7. Pugliese, D.; Privitera, G.; Crispino, F.; Mezzina, N.; Castiglione, F.; Fiorino, G.; Laterza, L.; Viola, A.; Bertani, L.; Caprioli, F.; et al.

Effectiveness and Safety of Vedolizumab in a Matched Cohort of Elderly and Nonelderly Patients with Inflammatory Bowel
Disease: The IG-IBD LIVE Study. Aliment. Pharmacol. Ther. 2022, 56, 95–109. [CrossRef] [PubMed]

8. Zingone, F.; Barberio, B.; Compostella, F.; Girardin, G.; D’Incà, R.; Marinelli, C.; Marsilio, I.; Lorenzon, G.; Savarino, E.V. Good
Efficacy and Safety of Vedolizumab in Crohn’s Disease and Ulcerative Colitis in a Real-World Scenario. Ther. Adv. Gastroenterol.
2020, 13, 1756284820936536. [CrossRef]

9. Barberio, B.; Zingone, F.; D’Incà, R.; Rovigo, L.; Bertani, L.; Bodini, G.; Ghisa, M.; Gubbiotti, A.; Massimi, D.; Lorenzon, G.; et al.
Infliximab Originator, Infliximab Biosimilar, and Adalimumab Are More Effective in Crohn’s Disease than Ulcerative Colitis: A
Real-Life Cohort Study. Clin. Transl. Gastroenterol. 2020, 11, e00177. [CrossRef] [PubMed]

10. Peluso, I.; Pallone, F.; Monteleone, G. Interleukin-12 and Th1 Immune Response in Crohn’s Disease: Pathogenetic Relevance and
Therapeutic Inplication. World J. Gastroenterol. 2006, 12, 5606–5610. [CrossRef]

11. Neurath, M.F. IL-23: A Master Regulator in Crohn Disease. Nat. Med. 2007, 13, 26–27. [CrossRef] [PubMed]
12. Kubesch, A.; Rueter, L.; Farrag, K.; Krause, T.; Stienecker, K.; Hausmann, J.; Filmann, N.; Dignass, A.; Stein, J.; Blumenstein,

I. Short and Long-Term Effectiveness of Ustekinumab in Patients with Crohn’s Disease: Real-World Data from a German IBD
Cohort. J. Clin. Med. 2019, 8, 2140. [CrossRef]

13. Iborra, M.; Beltrán, B.; Fernández-Clotet, A.; Gutiérrez, A.; Antolín, B.; Huguet, J.M.; De Francisco, R.; Merino, O.; Carpio, D.;
García-López, S.; et al. Real-World Short-Term Effectiveness of Ustekinumab in 305 Patients with Crohn’s Disease: Results from
the ENEIDA Registry. Aliment. Pharmacol. Ther. 2019, 50, 278–288. [CrossRef]

14. Feagan, B.G.; Sandborn, W.J.; Gasink, C.; Jacobstein, D.; Lang, Y.; Friedman, J.R.; Blank, M.A.; Johanns, J.; Gao, L.-L.; Miao, Y.;
et al. Ustekinumab as Induction and Maintenance Therapy for Crohn’s Disease. N. Engl. J. Med. 2016, 375, 1946–1960. [CrossRef]
[PubMed]

15. Forss, A.; Clements, M.; Myrelid, P.; Strid, H.; Söderman, C.; Wagner, A.; Andersson, D.; Hjelm, F.; Olén, O.; Halfvarson, J.; et al.
Ustekinumab Is Associated with Real-World Long-Term Effectiveness and Improved Health-Related Quality of Life in Crohn’s
Disease. Dig. Dis. Sci. 2023, 68, 65–76. [CrossRef] [PubMed]

16. Chaparro, M.; Baston-Rey, I.; Fernández-Salgado, E.; González García, J.; Ramos, L.; Diz-Lois Palomares, M.T.; Argüelles-Arias, F.;
Iglesias Flores, E.; Cabello, M.; Rubio Iturria, S.; et al. Long-Term Real-World Effectiveness and Safety of Ustekinumab in Crohn’s
Disease Patients: The SUSTAIN Study. Inflamm. Bowel Dis. 2022, 28, 1725–1736. [CrossRef]

17. Pugliese, D.; Daperno, M.; Fiorino, G.; Savarino, E.; Mosso, E.; Biancone, L.; Testa, A.; Sarpi, L.; Cappello, M.; Bodini, G.; et al.
Real-Life Effectiveness of Ustekinumab in Inflammatory Bowel Disease Patients with Concomitant Psoriasis or Psoriatic Arthritis:
An IG-IBD Study. Dig. Liver Dis. 2019, 51, 972–977. [CrossRef]

18. Ha, C.; Ullman, T.A.; Siegel, C.A.; Kornbluth, A. Patients Enrolled in Randomized Controlled Trials Do Not Represent the
Inflammatory Bowel Disease Patient Population. Clin. Gastroenterol. Hepatol. 2012, 10, 1002–1007. [CrossRef]

19. Wils, P.; Bouhnik, Y.; Michetti, P.; Flourie, B.; Brixi, H.; Bourrier, A.; Allez, M.; Duclos, B.; Serrero, M.; Buisson, A.; et al. Long-Term
Efficacy and Safety of Ustekinumab in 122 Refractory Crohn’s Disease Patients: A Multicentre Experience. Aliment. Pharmacol.
Ther. 2018, 47, 588–595. [CrossRef]

20. Burgevin, A.; Caron, B.; Sasson, A.; Luc, A.; Netter, P.; Baumann, C.; Ananthakrishnan, A.N.; Peyrin-Biroulet, L. Comparative
Safety of Ustekinumab and Vedolizumab in Older Patients with Inflammatory Bowel Disease: A Bicentric Cohort Study. J. Clin.
Med. 2022, 11, 6967. [CrossRef]

21. Casas-Deza, D.; Lamuela-Calvo, L.J.; Gomollón, F.; Arbonés-Mainar, J.M.; Caballol, B.; Gisbert, J.P.; Rivero, M.; Sánchez-Rodríguez,
E.; Arias García, L.; Gutiérrez Casbas, A.; et al. Effectiveness and Safety of Ustekinumab in Elderly Patients with Crohn’s Disease:
Real World Evidence from the ENEIDA Registry. J. Crohn’s Colitis 2023, 17, 83–91. [CrossRef] [PubMed]

22. Ma, C.; Fedorak, R.N.; Kaplan, G.G.; Dieleman, L.A.; Devlin, S.M.; Stern, N.; Kroeker, K.I.; Seow, C.H.; Leung, Y.; Novak, K.L.;
et al. Clinical, Endoscopic and Radiographic Outcomes with Ustekinumab in Medically-Refractory Crohn’s Disease: Real World
Experience from a Multicentre Cohort. Aliment. Pharmacol. Ther. 2017, 45, 1232–1243. [CrossRef]

https://doi.org/10.1016/S0140-6736(16)31711-1
https://doi.org/10.1056/NEJMra2002697
https://doi.org/10.1097/00054725-200207000-00002
https://www.ncbi.nlm.nih.gov/pubmed/12131607
https://doi.org/10.1093/ecco-jcc/jjz180
https://www.ncbi.nlm.nih.gov/pubmed/31711158
https://doi.org/10.1016/S0140-6736(12)60026-9
https://www.ncbi.nlm.nih.gov/pubmed/22914295
https://doi.org/10.1038/ajg.2009.579
https://www.ncbi.nlm.nih.gov/pubmed/19861953
https://doi.org/10.1111/apt.16923
https://www.ncbi.nlm.nih.gov/pubmed/35876062
https://doi.org/10.1177/1756284820936536
https://doi.org/10.14309/ctg.0000000000000177
https://www.ncbi.nlm.nih.gov/pubmed/32677808
https://doi.org/10.3748/wjg.v12.i35.5606
https://doi.org/10.1038/nm0107-26
https://www.ncbi.nlm.nih.gov/pubmed/17206128
https://doi.org/10.3390/jcm8122140
https://doi.org/10.1111/apt.15371
https://doi.org/10.1056/NEJMoa1602773
https://www.ncbi.nlm.nih.gov/pubmed/27959607
https://doi.org/10.1007/s10620-022-07501-z
https://www.ncbi.nlm.nih.gov/pubmed/35459973
https://doi.org/10.1093/ibd/izab357
https://doi.org/10.1016/j.dld.2019.03.007
https://doi.org/10.1016/j.cgh.2012.02.004
https://doi.org/10.1111/apt.14487
https://doi.org/10.3390/jcm11236967
https://doi.org/10.1093/ecco-jcc/jjac108
https://www.ncbi.nlm.nih.gov/pubmed/35913456
https://doi.org/10.1111/apt.14016


J. Clin. Med. 2024, 13, 1539 14 of 16

23. Kopylov, U.; Afif, W.; Cohen, A.; Bitton, A.; Wild, G.; Bessissow, T.; Wyse, J.; Al-Taweel, T.; Szilagyi, A.; Seidman, E. Subcutaneous
Ustekinumab for the Treatment of Anti-TNF Resistant Crohn’s Disease—The McGill Experience

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 14 of 17 
 

 

8. Zingone, F.; Barberio, B.; Compostella, F.; Girardin, G.; D’Incà, R.; Marinelli, C.; Marsilio, I.; Lorenzon, G.; Savarino, E.V. Good 
Efficacy and Safety of Vedolizumab in Crohn’s Disease and Ulcerative Colitis in a Real-World Scenario. Ther. Adv. Gastroenterol. 
2020, 13, 1756284820936536. https://doi.org/10.1177/1756284820936536. 

9. Barberio, B.; Zingone, F.; D’Incà, R.; Rovigo, L.; Bertani, L.; Bodini, G.; Ghisa, M.; Gubbiotti, A.; Massimi, D.; Lorenzon, G.; et al. 
Infliximab Originator, Infliximab Biosimilar, and Adalimumab Are More Effective in Crohn’s Disease than Ulcerative Colitis: 
A Real-Life Cohort Study. Clin. Transl. Gastroenterol. 2020, 11, e00177. https://doi.org/10.14309/ctg.0000000000000177. 

10. Peluso, I.; Pallone, F.; Monteleone, G. Interleukin-12 and Th1 Immune Response in Crohn’s Disease: Pathogenetic Relevance 
and Therapeutic Inplication. World J. Gastroenterol. 2006, 12, 5606–5610. https://doi.org/10.3748/wjg.v12.i35.5606. 

11. Neurath, M.F. IL-23: A Master Regulator in Crohn Disease. Nat. Med. 2007, 13, 26–27. https://doi.org/10.1038/nm0107-26. 
12. Kubesch, A.; Rueter, L.; Farrag, K.; Krause, T.; Stienecker, K.; Hausmann, J.; Filmann, N.; Dignass, A.; Stein, J.; Blumenstein, I. 

Short and Long-Term Effectiveness of Ustekinumab in Patients with Crohn’s Disease: Real-World Data from a German IBD 
Cohort. J. Clin. Med. 2019, 8, 2140. https://doi.org/10.3390/jcm8122140. 

13. Iborra, M.; Beltrán, B.; Fernández-Clotet, A.; Gutiérrez, A.; Antolín, B.; Huguet, J.M.; De Francisco, R.; Merino, O.; Carpio, D.; 
García-López, S.; et al. Real-World Short-Term Effectiveness of Ustekinumab in 305 Patients with Crohn’s Disease: Results from 
the ENEIDA Registry. Aliment. Pharmacol. Ther. 2019, 50, 278–288. https://doi.org/10.1111/apt.15371. 

14. Feagan, B.G.; Sandborn, W.J.; Gasink, C.; Jacobstein, D.; Lang, Y.; Friedman, J.R.; Blank, M.A.; Johanns, J.; Gao, L.-L.; Miao, Y.; 
et al. Ustekinumab as Induction and Maintenance Therapy for Crohn’s Disease. N. Engl. J. Med. 2016, 375, 1946–1960. 
https://doi.org/10.1056/NEJMoa1602773. 

15. Forss, A.; Clements, M.; Myrelid, P.; Strid, H.; Söderman, C.; Wagner, A.; Andersson, D.; Hjelm, F.; Olén, O.; Halfvarson, J.; et 
al. Ustekinumab Is Associated with Real-World Long-Term Effectiveness and Improved Health-Related Quality of Life in 
Crohn’s Disease. Dig. Dis. Sci. 2023, 68, 65–76. https://doi.org/10.1007/s10620-022-07501-z. 

16. Chaparro, M.; Baston-Rey, I.; Fernández-Salgado, E.; González García, J.; Ramos, L.; Diz-Lois Palomares, M.T.; Argüelles-Arias, 
F.; Iglesias Flores, E.; Cabello, M.; Rubio Iturria, S.; et al. Long-Term Real-World Effectiveness and Safety of Ustekinumab in 
Crohn’s Disease Patients: The SUSTAIN Study. Inflamm. Bowel Dis. 2022, 28, 1725–1736. https://doi.org/10.1093/ibd/izab357. 

17. Pugliese, D.; Daperno, M.; Fiorino, G.; Savarino, E.; Mosso, E.; Biancone, L.; Testa, A.; Sarpi, L.; Cappello, M.; Bodini, G.; et al. 
Real-Life Effectiveness of Ustekinumab in Inflammatory Bowel Disease Patients with Concomitant Psoriasis or Psoriatic Arthri-
tis: An IG-IBD Study. Dig. Liver Dis. 2019, 51, 972–977. https://doi.org/10.1016/j.dld.2019.03.007. 

18. Ha, C.; Ullman, T.A.; Siegel, C.A.; Kornbluth, A. Patients Enrolled in Randomized Controlled Trials Do Not Represent the In-
flammatory Bowel Disease Patient Population. Clin. Gastroenterol. Hepatol. 2012, 10, 1002–1007. 
https://doi.org/10.1016/j.cgh.2012.02.004. 

19. Wils, P.; Bouhnik, Y.; Michetti, P.; Flourie, B.; Brixi, H.; Bourrier, A.; Allez, M.; Duclos, B.; Serrero, M.; Buisson, A.; et al. Long-
Term Efficacy and Safety of Ustekinumab in 122 Refractory Crohn’s Disease Patients: A Multicentre Experience. Aliment. Phar-
macol. Ther. 2018, 47, 588–595. https://doi.org/10.1111/apt.14487. 

20. Burgevin, A.; Caron, B.; Sasson, A.; Luc, A.; Netter, P.; Baumann, C.; Ananthakrishnan, A.N.; Peyrin-Biroulet, L. Comparative 
Safety of Ustekinumab and Vedolizumab in Older Patients with Inflammatory Bowel Disease: A Bicentric Cohort Study. J. Clin. 
Med. 2022, 11, 6967. https://doi.org/10.3390/jcm11236967. 

21. Casas-Deza, D.; Lamuela-Calvo, L.J.; Gomollón, F.; Arbonés-Mainar, J.M.; Caballol, B.; Gisbert, J.P.; Rivero, M.; Sánchez-
Rodríguez, E.; Arias García, L.; Gutiérrez Casbas, A.; et al. Effectiveness and Safety of Ustekinumab in Elderly Patients with 
Crohn’s Disease: Real World Evidence from the ENEIDA Registry. J. Crohn's Colitis 2023, 17, 83–91. https://doi.org/10.1093/ecco-
jcc/jjac108. 

22. Ma, C.; Fedorak, R.N.; Kaplan, G.G.; Dieleman, L.A.; Devlin, S.M.; Stern, N.; Kroeker, K.I.; Seow, C.H.; Leung, Y.; Novak, K.L.; 
et al. Clinical, Endoscopic and Radiographic Outcomes with Ustekinumab in Medically-Refractory Crohn’s Disease: Real World 
Experience from a Multicentre Cohort. Aliment. Pharmacol. Ther. 2017, 45, 1232–1243. https://doi.org/10.1111/apt.14016. 

23. Kopylov, U.; Afif, W.; Cohen, A.; Bitton, A.; Wild, G.; Bessissow, T.; Wyse, J.; Al-Taweel, T.; Szilagyi, A.; Seidman, E. Subcuta-
neous Ustekinumab for the Treatment of Anti-TNF Resistant Crohn’s Disease—The McGill Experience✩. J. Crohn’s Colitis 2014, 
8, 1516–1522. https://doi.org/10.1016/j.crohns.2014.06.005. 

24. Taxonera, C.; Olivares, D.; López-García, O.N.; Alba, C. Meta-Analysis: Real-World Effectiveness and Safety of Ustekinumab in 
Patients with Ulcerative Colitis. Aliment. Pharmacol. Ther. 2023, 57, 610–619. https://doi.org/10.1111/apt.17386. 

25. Plevris, N.; Fulforth, J.; Siakavellas, S.; Robertson, A.; Hall, R.; Tyler, A.; Jenkinson, P.W.; Campbell, I.; Chuah, C.S.; Kane, C.; et 
al. Real-World Effectiveness and Safety of Ustekinumab for the Treatment of Crohn’s Disease: The Scottish Ustekinumab Co-
hort. J. Gastroenterol. Hepatol. 2021, 36, 2067–2075. https://doi.org/10.1111/jgh.15390. 

26. Barberio, B.; Gracie, D.J.; Black, C.J.; Ford, A.C. Efficacy of Biological Therapies and Small Molecules in Induction and Mainte-
nance of Remission in Luminal Crohn’s Disease: Systematic Review and Network Meta-Analysis. Gut 2023, 72, 264–274. 
https://doi.org/10.1136/gutjnl-2022-328052. 

27. Aladraj, H.; Abdulla, M.; Guraya, S.Y.; Guraya, S.S. Health-Related Quality of Life of Patients Treated with Biological Agents 
and New Small-Molecule Drugs for Moderate to Severe Crohn’s Disease: A Systematic Review. J. Clin. Med. 2022, 11, 3743. 
https://doi.org/10.3390/jcm11133743. 

28. Verstockt, B.; Parkes, M.; Lee, J.C. How Do We Predict a Patient’s Disease Course and Whether They Will Respond to Specific 
Treatments? Gastroenterology 2022, 162, 1383–1395. https://doi.org/10.1053/j.gastro.2021.12.245. 

. J. Crohn’s Colitis 2014, 8,
1516–1522. [CrossRef] [PubMed]

24. Taxonera, C.; Olivares, D.; López-García, O.N.; Alba, C. Meta-Analysis: Real-World Effectiveness and Safety of Ustekinumab in
Patients with Ulcerative Colitis. Aliment. Pharmacol. Ther. 2023, 57, 610–619. [CrossRef]

25. Plevris, N.; Fulforth, J.; Siakavellas, S.; Robertson, A.; Hall, R.; Tyler, A.; Jenkinson, P.W.; Campbell, I.; Chuah, C.S.; Kane, C.; et al.
Real-World Effectiveness and Safety of Ustekinumab for the Treatment of Crohn’s Disease: The Scottish Ustekinumab Cohort. J.
Gastroenterol. Hepatol. 2021, 36, 2067–2075. [CrossRef] [PubMed]

26. Barberio, B.; Gracie, D.J.; Black, C.J.; Ford, A.C. Efficacy of Biological Therapies and Small Molecules in Induction and Maintenance
of Remission in Luminal Crohn’s Disease: Systematic Review and Network Meta-Analysis. Gut 2023, 72, 264–274. [CrossRef]
[PubMed]

27. Aladraj, H.; Abdulla, M.; Guraya, S.Y.; Guraya, S.S. Health-Related Quality of Life of Patients Treated with Biological Agents and
New Small-Molecule Drugs for Moderate to Severe Crohn’s Disease: A Systematic Review. J. Clin. Med. 2022, 11, 3743. [CrossRef]
[PubMed]

28. Verstockt, B.; Parkes, M.; Lee, J.C. How Do We Predict a Patient’s Disease Course and Whether They Will Respond to Specific
Treatments? Gastroenterology 2022, 162, 1383–1395. [CrossRef]

29. Raine, T.; Danese, S. Breaking through the Therapeutic Ceiling: What Will It Take? Gastroenterology 2022, 162, 1507–1511.
[CrossRef]

30. Bertani, L.; Tricò, D.; Pugliese, D.; Privitera, G.; Linsalata, G.; Zanzi, F.; Gloria Mumolo, M.; Barberio, B.; Monzani, F.; Marchi, S.;
et al. Serum Triiodothyronine-to-Thyroxine (T3/T4) Ratio Predicts Therapeutic Outcome to Biological Therapies in Elderly IBD
Patients. Aliment. Pharmacol. Ther. 2021, 53, 273–280. [CrossRef]

31. Fiocchi, C.; Dragoni, G.; Iliopoulos, D.; Katsanos, K.; Ramirez, V.H.; Suzuki, K.; Scientific Workshop Steering Committee. Results
of the Seventh Scientific Workshop of ECCO: Precision Medicine in IBD-What, Why, and How. J. Crohn’s Colitis 2021, 15, 1410–1430.
[CrossRef]

32. Bertani, L.; Barberio, B.; Fornili, M.; Antonioli, L.; Zanzi, F.; Casadei, C.; Benvenuti, L.; Facchin, S.; D’Antongiovanni, V.; Lorenzon,
G.; et al. Serum Oncostatin M Predicts Mucosal Healing in Patients with Inflammatory Bowel Diseases Treated with Anti-TNF,
but Not Vedolizumab. Dig. Liver Dis. 2022, 54, 1367–1373. [CrossRef] [PubMed]

33. Vande Casteele, N.; Herfarth, H.; Katz, J.; Falck-Ytter, Y.; Singh, S. American Gastroenterological Association Institute Technical
Review on the Role of Therapeutic Drug Monitoring in the Management of Inflammatory Bowel Diseases. Gastroenterology 2017,
153, 835–857.e6. [CrossRef]

34. Facchin, S.; Buda, A.; Cardin, R.; Agbariah, N.; Zingone, F.; De Bona, M.; Zaetta, D.; Bertani, L.; Ghisa, M.; Barberio, B.; et al. Rapid
Point-of-Care Anti-Infliximab Antibodies Detection in Clinical Practice: Comparison with ELISA and Potential for Improving
Therapeutic Drug Monitoring in IBD Patients. Ther. Adv. Gastroenterol. 2021, 14, 1756284821999902. [CrossRef]

35. Papamichael, K.; Afif, W.; Drobne, D.; Dubinsky, M.C.; Ferrante, M.; Irving, P.M.; Kamperidis, N.; Kobayashi, T.; Kotze,
P.G.; Lambert, J.; et al. Therapeutic Drug Monitoring of Biologics in Inflammatory Bowel Disease: Unmet Needs and Future
Perspectives. Lancet Gastroenterol. Hepatol. 2022, 7, 171–185. [CrossRef] [PubMed]

36. Vermeire, S.; Schreiber, S.; Sandborn, W.J.; Dubois, C.; Rutgeerts, P. Correlation between the Crohn’s Disease Activity and
Harvey-Bradshaw Indices in Assessing Crohn’s Disease Severity. Clin. Gastroenterol. Hepatol. 2010, 8, 357–363. [CrossRef]
[PubMed]

37. Sandborn, W.J.; Feagan, B.G.; Hanauer, S.B.; Lochs, H.; Löfberg, R.; Modigliani, R.; Present, D.H.; Rutgeerts, P.; Schölmerich, J.;
Stange, E.F.; et al. A Review of Activity Indices and Efficacy Endpoints for Clinical Trials of Medical Therapy in Adults with
Crohn’s Disease. Gastroenterology 2002, 122, 512–530. [CrossRef]

38. Harvey, R.F.; Bradshaw, J.M. A Simple Index of Crohn’s-Disease Activity. Lancet 1980, 1, 514. [CrossRef]
39. Dhaliwal, A.; Zeino, Z.; Tomkins, C.; Cheung, M.; Nwokolo, C.; Smith, S.; Harmston, C.; Arasaradnam, R.P. Utility of Faecal

Calprotectin in Inflammatory Bowel Disease (IBD): What Cut-Offs Should We Apply? Frontline Gastroenterol. 2015, 6, 14–19.
[CrossRef]

40. Daperno, M.; D’Haens, G.; Van Assche, G.; Baert, F.; Bulois, P.; Maunoury, V.; Sostegni, R.; Rocca, R.; Pera, A.; Gevers, A.; et al.
Development and Validation of a New, Simplified Endoscopic Activity Score for Crohn’s Disease: The SES-CD. Gastrointest.
Endosc. 2004, 60, 505–512. [CrossRef]

41. Noor, N.M.; Verstockt, B.; Parkes, M.; Lee, J.C. Personalised Medicine in Crohn’s Disease. Lancet Gastroenterol. Hepatol. 2020, 5,
80–92. [CrossRef] [PubMed]

42. Verstockt, B.; Noor, N.M.; Marigorta, U.M.; Pavlidis, P.; Deepak, P.; Ungaro, R.C.; Scientific Workshop Steering Committee.
Results of the Seventh Scientific Workshop of ECCO: Precision Medicine in IBD—Disease Outcome and Response to Therapy. J.
Crohn’s Colitis 2021, 15, 1431–1442. [CrossRef] [PubMed]

43. Rubín de Célix, C.; Chaparro, M.; Gisbert, J.P. Real-World Evidence of the Effectiveness and Safety of Ustekinumab for the
Treatment of Crohn’s Disease: Systematic Review and Meta-Analysis of Observational Studies. J. Clin. Med. 2022, 11, 4202.
[CrossRef]

https://doi.org/10.1016/j.crohns.2014.06.005
https://www.ncbi.nlm.nih.gov/pubmed/24996483
https://doi.org/10.1111/apt.17386
https://doi.org/10.1111/jgh.15390
https://www.ncbi.nlm.nih.gov/pubmed/33381875
https://doi.org/10.1136/gutjnl-2022-328052
https://www.ncbi.nlm.nih.gov/pubmed/35907636
https://doi.org/10.3390/jcm11133743
https://www.ncbi.nlm.nih.gov/pubmed/35807044
https://doi.org/10.1053/j.gastro.2021.12.245
https://doi.org/10.1053/j.gastro.2021.09.078
https://doi.org/10.1111/apt.16167
https://doi.org/10.1093/ecco-jcc/jjab051
https://doi.org/10.1016/j.dld.2022.03.008
https://www.ncbi.nlm.nih.gov/pubmed/35393259
https://doi.org/10.1053/j.gastro.2017.07.031
https://doi.org/10.1177/1756284821999902
https://doi.org/10.1016/S2468-1253(21)00223-5
https://www.ncbi.nlm.nih.gov/pubmed/35026171
https://doi.org/10.1016/j.cgh.2010.01.001
https://www.ncbi.nlm.nih.gov/pubmed/20096379
https://doi.org/10.1053/gast.2002.31072
https://doi.org/10.1016/S0140-6736(80)92767-1
https://doi.org/10.1136/flgastro-2013-100420
https://doi.org/10.1016/S0016-5107(04)01878-4
https://doi.org/10.1016/S2468-1253(19)30340-1
https://www.ncbi.nlm.nih.gov/pubmed/31818474
https://doi.org/10.1093/ecco-jcc/jjab050
https://www.ncbi.nlm.nih.gov/pubmed/33730756
https://doi.org/10.3390/jcm11144202


J. Clin. Med. 2024, 13, 1539 15 of 16

44. Sandborn, W.J.; Rebuck, R.; Wang, Y.; Zou, B.; Adedokun, O.J.; Gasink, C.; Sands, B.E.; Hanauer, S.B.; Targan, S.; Ghosh, S.; et al.
Five-Year Efficacy and Safety of Ustekinumab Treatment in Crohn’s Disease: The IM-UNITI Trial. Clin. Gastroenterol. Hepatol.
2022, 20, 578–590.e4. [CrossRef] [PubMed]

45. Honap, S.; Meade, S.; Ibraheim, H.; Irving, P.M.; Jones, M.P.; Samaan, M.A. Effectiveness and Safety of Ustekinumab in
Inflammatory Bowel Disease: A Systematic Review and Meta-Analysis. Dig. Dis. Sci 2022, 67, 1018–1035. [CrossRef] [PubMed]

46. Rutz, S.; Eidenschenk, C.; Ouyang, W. IL-22, Not Simply a Th17 Cytokine. Immunol. Rev. 2013, 252, 116–132. [CrossRef] [PubMed]
47. Keir, M.E.; Yi, T.; Lu, T.T.; Ghilardi, N. The Role of IL-22 in Intestinal Health and Disease. J. Exp. Med. 2020, 217, e20192195.

[CrossRef]
48. Laurence, A.; O’Shea, J.J.; Watford, W.T. Interleukin-22: A Sheep in Wolf’s Clothing. Nat. Med. 2008, 14, 247–249. [CrossRef]
49. Seiderer, J.; Brand, S. IL-22: A Two-Headed Cytokine in IBD? Inflamm. Bowel Dis. 2009, 15, 473–474. [CrossRef]
50. Eken, A.; Singh, A.K.; Treuting, P.M.; Oukka, M. IL-23R+ Innate Lymphoid Cells Induce Colitis via Interleukin-22-Dependent

Mechanism. Mucosal Immunol. 2014, 7, 143–154. [CrossRef]
51. Kamanaka, M.; Huber, S.; Zenewicz, L.A.; Gagliani, N.; Rathinam, C.; O’Connor, W., Jr.; Wan, Y.Y.; Nakae, S.; Iwakura, Y.; Hao,

L.; et al. Memory/Effector (CD45RBlo) CD4 T Cells Are Controlled Directly by IL-10 and Cause IL-22–Dependent Intestinal
Pathology. J. Exp. Med. 2011, 208, 1027–1040. [CrossRef]

52. Kirchberger, S.; Royston, D.J.; Boulard, O.; Thornton, E.; Franchini, F.; Szabady, R.L.; Harrison, O.; Powrie, F. Innate Lymphoid
Cells Sustain Colon Cancer through Production of Interleukin-22 in a Mouse Model. J. Exp. Med. 2013, 210, 917–931. [CrossRef]

53. Aden, K.; Tran, F.; Ito, G.; Sheibani-Tezerji, R.; Lipinski, S.; Kuiper, J.W.; Tschurtschenthaler, M.; Saveljeva, S.; Bhattacharyya, J.;
Häsler, R.; et al. ATG16L1 Orchestrates Interleukin-22 Signaling in the Intestinal Epithelium via cGAS–STING. J. Exp. Med. 2018,
215, 2868–2886. [CrossRef]

54. Van De Bunt, M.; D’Alessio, S.; Norrild, J.C.; Kjølbye, A.L.; Jorgensen, R. P111 Efficacy of a Novel Long-Acting Lipidated
Interleukin-22, Alone and in Combination with Anti-TNF Treatment, in a Murine Chronic DSS Colitis Model. J. Crohn’s Colitis
2023, 17, i276. [CrossRef]

55. Wagner, F.; Mansfield, J.C.; Lekkerkerker, A.N.; Wang, Y.; Keir, M.; Dash, A.; Butcher, B.; Harder, B.; Orozco, L.D.; Mar, J.S.; et al.
Dose Escalation Randomised Study of Efmarodocokin Alfa in Healthy Volunteers and Patients with Ulcerative Colitis. Gut 2023,
72, 1451–1461. [CrossRef] [PubMed]

56. Pavlidis, P.; Tsakmaki, A.; Pantazi, E.; Li, K.; Cozzetto, D.; Digby- Bell, J.; Yang, F.; Lo, J.W.; Alberts, E.; Sa, A.C.C.; et al.
Interleukin-22 Regulates Neutrophil Recruitment in Ulcerative Colitis and Is Associated with Resistance to Ustekinumab Therapy.
Nat. Commun. 2022, 13, 5820. [CrossRef] [PubMed]

57. Cabrera-Moksnes, C.; Fernandez-Llaneza, D.; Neisen, J.; Angermann, B.R.; Gehrmann, U.; Olsson, M.; Cairns, J.; Powell, N. P879
Clinical Significance of Plasma Interleukin-22 as a Biomarker of Inflammation in Patients with Crohn’s Disease and Ulcerative
Colitis. J. Crohn’s Colitis 2023, 17, i996–i997. [CrossRef]

58. Garbers, C.; Hermanns, H.M.; Schaper, F.; Müller-Newen, G.; Grötzinger, J.; Rose-John, S.; Scheller, J. Plasticity and Cross-Talk of
Interleukin 6-Type Cytokines. Cytokine Growth Factor Rev. 2012, 23, 85–97. [CrossRef] [PubMed]

59. Richards, C.D. The Enigmatic Cytokine Oncostatin M and Roles in Disease. ISRN Inflamm. 2013, 2013, 512103. [CrossRef]
60. Hermanns, H.M. Oncostatin M and Interleukin-31: Cytokines, Receptors, Signal Transduction and Physiology. Cytokine Growth

Factor Rev. 2015, 26, 545–558. [CrossRef] [PubMed]
61. Mirkov, M.U.; Verstockt, B.; Cleynen, I. Genetics of Inflammatory Bowel Disease: Beyond NOD2. Lancet Gastroenterol. Hepatol.

2017, 2, 224–234. [CrossRef]
62. Guo, A.; Ross, C.; Chande, N.; Gregor, J.; Ponich, T.; Khanna, R.; Sey, M.; Beaton, M.; Yan, B.; Kim, R.B.; et al. High Oncostatin M

Predicts Lack of Clinical Remission for Patients with Inflammatory Bowel Disease on Tumor Necrosis Factor α Antagonists. Sci.
Rep. 2022, 12, 1185. [CrossRef] [PubMed]

63. Bertani, L.; Fornai, M.; Fornili, M.; Antonioli, L.; Benvenuti, L.; Tapete, G.; Baiano Svizzero, G.; Ceccarelli, L.; Mumolo, M.G.;
Baglietto, L.; et al. Serum Oncostatin M at Baseline Predicts Mucosal Healing in Crohn’s Disease Patients Treated with Infliximab.
Aliment. Pharmacol. Ther. 2020, 52, 284–291. [CrossRef] [PubMed]

64. Minar, P.; Lehn, C.; Tsai, Y.-T.; Jackson, K.; Rosen, M.J.; Denson, L.A. Elevated Pretreatment Plasma Oncostatin M Is Associated
with Poor Biochemical Response to Infliximab. Crohn’s Colitis 2019, 360, otz026. [CrossRef] [PubMed]

65. Verstockt, S.; Verstockt, B.; Machiels, K.; Vancamelbeke, M.; Ferrante, M.; Cleynen, I.; De Hertogh, G.; Vermeire, S. Oncostatin M
Is a Biomarker of Diagnosis, Worse Disease Prognosis, and Therapeutic Nonresponse in Inflammatory Bowel Disease. Inflamm.
Bowel Dis. 2021, 27, 1564–1575. [CrossRef] [PubMed]

66. Lin, S.; Chanchlani, N.; Invergo, B.M.; Anderson, M.W.; Guay, H.M.; Reppell, M.; Butler, J.W.; Goodhand, J.R.; Ahmad, T.;
Kennedy, N.A.; et al. DOP28 Understanding the Molecular Mechanisms of Anti-TNF Treatment Failure in Patients with Crohn’s
Disease: A Pilot Serum Proteomic Analysis of the PANTS Cohort. J. Crohn’s Colitis 2020, 14, S067–S068. [CrossRef]

67. Adedokun, O.J.; Xu, Z.; Gasink, C.; Kowalski, K.; Sandborn, W.J.; Feagan, B. Population Pharmacokinetics and Exposure–Response
Analyses of Ustekinumab in Patients with Moderately to Severely Active Crohn’s Disease. Clin. Ther. 2022, 44, 1336–1355.
[CrossRef] [PubMed]

68. Adedokun, O.J.; Xu, Z.; Gasink, C.; Jacobstein, D.; Szapary, P.; Johanns, J.; Gao, L.-L.; Davis, H.M.; Hanauer, S.B.; Feagan, B.G.;
et al. Pharmacokinetics and Exposure Response Relationships of Ustekinumab in Patients with Crohn’s Disease. Gastroenterology
2018, 154, 1660–1671. [CrossRef] [PubMed]

https://doi.org/10.1016/j.cgh.2021.02.025
https://www.ncbi.nlm.nih.gov/pubmed/33618023
https://doi.org/10.1007/s10620-021-06932-4
https://www.ncbi.nlm.nih.gov/pubmed/33723700
https://doi.org/10.1111/imr.12027
https://www.ncbi.nlm.nih.gov/pubmed/23405899
https://doi.org/10.1084/jem.20192195
https://doi.org/10.1038/nm0308-247
https://doi.org/10.1002/ibd.20625
https://doi.org/10.1038/mi.2013.33
https://doi.org/10.1084/jem.20102149
https://doi.org/10.1084/jem.20122308
https://doi.org/10.1084/jem.20171029
https://doi.org/10.1093/ecco-jcc/jjac190.0241
https://doi.org/10.1136/gutjnl-2022-328387
https://www.ncbi.nlm.nih.gov/pubmed/36732049
https://doi.org/10.1038/s41467-022-33331-8
https://www.ncbi.nlm.nih.gov/pubmed/36192482
https://doi.org/10.1093/ecco-jcc/jjac190.1009
https://doi.org/10.1016/j.cytogfr.2012.04.001
https://www.ncbi.nlm.nih.gov/pubmed/22595692
https://doi.org/10.1155/2013/512103
https://doi.org/10.1016/j.cytogfr.2015.07.006
https://www.ncbi.nlm.nih.gov/pubmed/26198770
https://doi.org/10.1016/S2468-1253(16)30111-X
https://doi.org/10.1038/s41598-022-05208-9
https://www.ncbi.nlm.nih.gov/pubmed/35075155
https://doi.org/10.1111/apt.15870
https://www.ncbi.nlm.nih.gov/pubmed/32506635
https://doi.org/10.1093/crocol/otz026
https://www.ncbi.nlm.nih.gov/pubmed/31667468
https://doi.org/10.1093/ibd/izab032
https://www.ncbi.nlm.nih.gov/pubmed/33624092
https://doi.org/10.1093/ecco-jcc/jjz203.067
https://doi.org/10.1016/j.clinthera.2022.08.010
https://www.ncbi.nlm.nih.gov/pubmed/36150926
https://doi.org/10.1053/j.gastro.2018.01.043
https://www.ncbi.nlm.nih.gov/pubmed/29409871


J. Clin. Med. 2024, 13, 1539 16 of 16

69. Verstockt, B.; Dreesen, E.; Noman, M.; Outtier, A.; Van den Berghe, N.; Aerden, I.; Compernolle, G.; Van Assche, G.; Gils, A.;
Vermeire, S.; et al. Ustekinumab Exposure-Outcome Analysis in Crohn’s Disease Only in Part Explains Limited Endoscopic
Remission Rates. J. Crohn’s Colitis 2019, 13, 864–872. [CrossRef]

70. Battat, R.; Kopylov, U.; Bessissow, T.; Bitton, A.; Cohen, A.; Jain, A.; Martel, M.; Seidman, E.; Afif, W. Association Between
Ustekinumab Trough Concentrations and Clinical, Biomarker, and Endoscopic Outcomes in Patients with Crohn’s Disease. Clin.
Gastroenterol. Hepatol. 2017, 15, 1427–1434.e2. [CrossRef]

71. Soufflet, N.; Boschetti, G.; Roblin, X.; Cuercq, C.; Williet, N.; Charlois, A.-L.; Duclaux-Loras, R.; Danion, P.; Mialon, A.; Faure, M.;
et al. Concentrations of Ustekinumab During Induction Therapy Associate with Remission in Patients with Crohn’s Disease. Clin.
Gastroenterol. Hepatol. 2019, 17, 2610–2612. [CrossRef] [PubMed]

72. Kwon, Y.; Kang, B.; Kim, E.S.; Choe, Y.H.; Kim, M.J. Comparison of Ustekinumab Trough Concentrations Measured by 2 ELISA
Kits and Evaluation of Clinical Response in Crohn’s Disease. Ther. Drug. Monit. 2022, 44, 535–542. [CrossRef]

73. Morita, Y.; Imai, T.; Bamba, S.; Takahashi, K.; Inatomi, O.; Miyazaki, T.; Watanabe, K.; Nakamura, S.; Yoshida, A.; Endo, Y.; et al.
Clinical Relevance of Innovative Immunoassays for Serum Ustekinumab and Anti-Ustekinumab Antibody Levels in Crohn’s
Disease. J. Gastroenterol. Hepatol. 2020, 35, 1163–1170. [CrossRef]

74. Gómez Espín, R.; Nicolás De Prado, I.; Gil Candel, M.; González Carrión, M.; Rentero Redondo, L.; Iniesta Navalón, C. Association
between Ustekinumab Trough Concentrations and Biochemical Outcomes in Patients with Crohn’s Disease. A Real Life Study.
Rev. Esp. Enfermadades Dig. 2021, 113, 110–115. [CrossRef]

75. Kolar, M.; Pudilova, K.; Bortlik, M.; Duricova, D.; Malickova, K.; Hruba, V.; Machkova, N.; Vanickova, R.; Mitrova, K.; Lukas, M.;
et al. Mo1919—Ustekinumab Efficiency As a Higher-Line Therapy in Association with Serum Levels in Patients with Crohn’s
Disease. Gastroenterology 2019, 156, S-886–S-887. [CrossRef]

76. Hirayama, H.; Morita, Y.; Imai, T.; Takahashi, K.; Yoshida, A.; Bamba, S.; Inatomi, O.; Andoh, A. Ustekinumab Trough Levels
Predicting Laboratory and Endoscopic Remission in Patients with Crohn’s Disease. BMC Gastroenterol. 2022, 22, 195. [CrossRef]

77. McDonald, C.; Kerr, H.; Gibbons, E.; Lukose, T.; Cheriyan, D.; Harewood, G.; Patchett, S.; O’Toole, A.; Kelly, O.; Boland, K. Higher
Ustekinumab Levels in Maintenance Therapy Are Associated with Greater Mucosal Healing and Mucosal Response in Crohn’s
Disease: An Experience of 2 IBD Centers. Inflamm. Bowel Dis. 2023, 30, 423–428. [CrossRef] [PubMed]

78. Takenaka, K.; Kawamoto, A.; Hibiya, S.; Suzuki, K.; Fujii, T.; Motobayashi, M.; Shimizu, H.; Nagahori, M.; Saito, E.; Okamoto, R.;
et al. Higher Concentrations of Cytokine Blockers Are Needed to Obtain Small Bowel Mucosal Healing during Maintenance
Therapy in Crohn’s Disease. Aliment. Pharmacol. Ther. 2021, 54, 1052–1060. [CrossRef]

79. Van den Berghe, N.; Verstockt, B.; Vermeire, S.; Thomas, D.; Declerck, P. Higher Drug Exposure during the First 24 Weeks of
Ustekinumab Treatment Is Associated with Endoscopic Remission in Crohn’s Disease. Clin. Gastroenterol. Hepatol. 2023, 21,
838–840.e2. [CrossRef]

80. Painchart, C.; Brabant, S.; Duveau, N.; Nachury, M.; Desreumaux, P.; Branche, J.; Gérard, R.; Prevost, C.L.D.; Wils, P.; Lambin, T.;
et al. Ustekinumab Serum Trough Levels May Identify Suboptimal Responders to Ustekinumab in Crohn’s Disease. Dig. Dis. Sci.
2020, 65, 1445–1452. [CrossRef]

81. Proietti, E.; Pauwels, R.W.M.; van der Woude, C.J.; Doukas, M.; Oudijk, L.; Peppelenbosch, M.P.; Grohmann, U.; Crombag,
M.-R.B.S.; de Vries, A.C.; Fuhler, G.M. Ustekinumab Tissue and Serum Levels in Patients with Crohn’s Disease Are Closely
Correlated though Not Consistently Associated with Objective Response after Induction. Inflamm. Bowel Dis. 2023, 29, 1038–1046.
[CrossRef] [PubMed]

82. Straatmijer, T.; Biemans, V.B.C.; Moes, D.J.A.R.; Hoentjen, F.; Ter Heine, R.; Maljaars, P.W.J.; Theeuwen, R.; Pierik, M.; Duijvestein,
M.; van der Meulen-de Jong, A.E.; et al. Ustekinumab Trough Concentrations Are Associated with Biochemical Outcomes in
Patients with Crohn’s Disease. Dig. Dis. Sci. 2023, 68, 2647–2657. [CrossRef] [PubMed]

83. Mechie, N.-C.; Burmester, M.; Mavropoulou, E.; Pilavakis, Y.; Kunsch, S.; Ellenrieder, V.; Amanzada, A. Evaluation of Ustekinumab
Trough Levels during Induction and Maintenance Therapy with Regard to Disease Activity Status in Difficult to Treat Crohn
Disease Patients. Medicine 2021, 100, e25111. [CrossRef] [PubMed]

84. Liefferinckx, C.; Verstockt, B.; Gils, A.; Noman, M.; Van Kemseke, C.; Macken, E.; De Vos, M.; Van Moerkercke, W.; Rahier,
J.-F.; Bossuyt, P.; et al. Long-Term Clinical Effectiveness of Ustekinumab in Patients with Crohn’s Disease Who Failed Biologic
Therapies: A National Cohort Study. J. Crohn’s Colitis 2019, 13, 1401–1409. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/ecco-jcc/jjz008
https://doi.org/10.1016/j.cgh.2017.03.032
https://doi.org/10.1016/j.cgh.2019.02.042
https://www.ncbi.nlm.nih.gov/pubmed/30851477
https://doi.org/10.1097/FTD.0000000000000976
https://doi.org/10.1111/jgh.14962
https://doi.org/10.17235/reed.2020.7124/2020
https://doi.org/10.1016/S0016-5085(19)39186-3
https://doi.org/10.1186/s12876-022-02271-4
https://doi.org/10.1093/ibd/izad073
https://www.ncbi.nlm.nih.gov/pubmed/37158577
https://doi.org/10.1111/apt.16551
https://doi.org/10.1016/j.cgh.2021.12.020
https://doi.org/10.1007/s10620-019-05865-3
https://doi.org/10.1093/ibd/izac169
https://www.ncbi.nlm.nih.gov/pubmed/35917118
https://doi.org/10.1007/s10620-023-07822-7
https://www.ncbi.nlm.nih.gov/pubmed/36920666
https://doi.org/10.1097/MD.0000000000025111
https://www.ncbi.nlm.nih.gov/pubmed/33725990
https://doi.org/10.1093/ecco-jcc/jjz080

	Introduction 
	Materials and Methods 
	Population and Study Design 
	Definition and Outcomes 
	Measurement of Faecal Calprotectin Levels 
	Measurement of CRP 
	Measurement of Serum UST Trough Levels 
	Cytokine Analysis 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Clinical, Biochemical, and Endoscopic Outcomes 
	Clinical Outcomes 
	Biochemical Outcomes 
	Endoscopic Outcomes 

	Optimisation of Ustekinumab Dosing 
	Safety Profile and Drug Discontinuation 
	Ustekinumab Trough Levels 
	Oncostatin M Plasma Values 
	IL-22 Plasma Values 

	Discussion 
	Conclusions 
	References

