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Abstract

Objective It is unknown whether ustekinumab (UST) levels can predict clinical outcomes in Crohn’s disease (CD) patients.
We assessed the exposure—response relationship of UST trough concentrations with biochemical outcomes at week 24 in a
prospective, real-world setting.

Methods We performed a prospective study in patients with CD starting UST in four academic centres in the Netherlands.
All patients received a weight-adjusted intravenous (IV) UST induction dose, followed by one subcutaneous (SC) dose of
90 mg UST at 8 weeks. Maintenance therapy consisted of 90 mg subcutaneous UST every 8 or 12 weeks. Individual UST
concentration time course during treatment were estimated using a population pharmacokinetic (PK) model. Quartile analysis
and logistic regression were performed to analyse if UST concentrations at week 8 were associated with biochemical remis-
sion rates at week 24 (C-reactive protein (CRP) <5 mg/L and / or faecal calprotectin (FC) <250 mg/kg).

Results In total, 124 patients with CD were included. Patients achieving biochemical remission at week 12 and 24 had sig-
nificantly higher UST levels at week 8 compared to patients without biochemical remission (6.6 ug/mL versus 3.9 pg/mL,
P <0.01 and 6.3 pg/mL versus 3.9 pg/mL, P<0.01, respectively). In quartile analysis, patients with UST levels in the highest
quartile (> 6.3 pg/mL at week 8) had higher biochemical remission rates at week 12 and week 24. There was no association
between UST levels at and corticosteroid-free clinical remission rates.

Conclusion In this real-world cohort of patients with CD, UST levels in the highest quartile (> 6.3 ug/mL) at week 8 were
associated with higher biochemical remission rates at week 24.
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Introduction

Crohn’s disease (CD) is a chronic inflammatory bowel dis-
ease (IBD) affecting the gastro-intestinal tract [1]. Obtain-
ing long-term deep remission is essential to prevent irre-
versible gastrointestinal damage. Ustekinumab (UST) is
a monoclonal antibody that binds to the p40 subunit of
interleukin(IL)-12 and IL-23 and thereby inhibits its bio-
activity [2, 3]. Also, it prevents signalling, differentiation
and release of different cytokines which play an important
role in the pathophysiology of CD [4].

The efficacy and safety of UST for moderate to severely
active CD was investigated in phase 3 placebo-controlled
studies [5]. Patients treated with UST 90 mg Q8 or Q12
weeks, following an induction I'V dose and one UST 90 mg
SC dose at week 8, demonstrated greater clinical response
and remission rates compared to placebo at week 44 in a
phase 3 study [6].

To individualize dosing for the purpose of maximizing
treatment response in IBD, therapeutic drug monitoring
(TDM) is a promising tool [7]. TDM is especially useful if
there is an observed association between serum drug con-
centrations and therapeutic outcomes [8]. It may also con-
tribute to reduced drug expenses and longer dose intervals
which are convenient for patients. Anti-TNF trough concen-
trations are associated with important outcomes in IBD and
guides physicians in their decision to change therapy within
or out-of-class [9, 10]. However, limited data are available
to guide clinicians on which drug-level thresholds to aim for
when treating patients with CD with UST.

Several studies described UST levels associated with
clinical response in CD. The UNITI programme showed
that serum levels of UST were proportional to received dose
and levels were associated with clinical efficacy [11]. Also,
real-world studies suggested an association between UST
levels and clinical outcome measures [12—15]. These find-
ings were not validated by others [14]. It remains subject of
debate whether reactive and / or proactive TDM improves
therapeutic outcomes in UST treatment in patients with CD.

We previously reported on real-world clinical outcomes
of UST for CD in a multi-centre prospective cohort [16, 17].
Here, we designed a multicentre cohort study to assess the
exposure—response association of UST in patients with CD.

Methods
Study Design

The Initiative on Crohn and Colitis (ICC) Registry is a
prospective, nationwide, observational registry of patients
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with IBD starting novel IBD therapies in regular care in
the Netherlands. The design and rationale as well as the
clinical outcomes of UST have been previously described
in more detail [16, 17]. Patients were prospectively evalu-
ated with scheduled outpatient clinic visits at week 12 and
24 designed to closely follow regular care.

Participants

Adult (aged > 18) patients with CD who initiated UST treat-
ment were included in four participating centres. The deci-
sion to start UST was at the discretion of the treating physi-
cian. Patients received a weight-adjusted initial intravenous
(IV) infusion with UST (260 mg if body weight <55 kg,
390 mg if weight was between 55 and 85 kg and 520 mg if
weight > 85 kg), followed by one SC dose of 90 mg UST
at 8 weeks. Maintenance therapy consisted of 90 mg SC
UST every 8 or 12 weeks. Patients without objective disease
activity at baseline (either biochemical (C-reactive protein
(CRP) <5 mg/L and faecal calprotectin (FC) <250 mg/kg)
or endoscopic) or without determined UST levels during
follow-up were excluded.

Ustekinumab Levels

UST levels were measured during follow-up. Centres were
not blinded for UST level results and dose could proactively
be intensified based on UST levels on discretion of the treat-
ing physician. Since not all levels were measured at exactly
week 8 or 16 as a trough level, a population PK model was
used to estimate individual UST concentration time course
during treatment. The population PK model was based on
measured UST levels in patients in a primary cohort in three
participating ICC centres (centre 1, 2, 3) and the FDA clini-
cal pharmacology review document (see Sect. 2.4). The
population PK model was then validated in patients included
in two ICC centres (centre 3 and 4). This was done perform-
ing a prediction-corrected visual predictive check (VPC) of
the final model on the validation cohort [18]. Patients in
the validation cohort met the same inclusion criteria as the
patients included in the primary cohort. UST levels at week
8 and 16 were estimated using the population PK model in
all patients. For further analysis, clinical and biochemical
data of all patients were analysed together to determine the
remission rates and exposure—response relationship.

Population Pharmacokinetic Modelling

Nonlinear mixed-effect modelling was used to estimate
ustekinumab pharmacokinetic parameters from plasma
concentration—time data from both intravenous and subcu-
taneous administration. NONMEM (v7.4.4, Icon Develop-
ment Solutions, Ellicott City, MD) was used for modelling
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ustekinumab pharmacokinetics, using PsN toolkit (v5.0.0)
[19-21], and Pirana version 2.9.8[22] as modelling environ-
ment. R statistics (v. 3.4.4) was used for exploratory graphi-
cal analysis and for evaluation of the GOF and VPC [23].
First-order conditional estimation method with interaction
(FOCE-I) was used throughout the analysis. The final model
was evaluated by means of a prediction-corrected visual pre-
dictive check (VPC) based on 500 Monte-Carlo simulations.
In addition, the precision of the parameter estimates was fur-
ther assessed by means of a non-parametric bootstrap with
resampling the dataset (n=1000 times).

The population PK model was based on the UST plasma
concentrations of the patients included in the primary cohort
and the UST FDA clinical pharmacology review documents
[24].

Outcomes and Definitions

A primary analysis determined whether UST drug con-
centrations at week 8 were associated with biochemical
remission (CRP <5 mg/L and FC <250 mg/kg) at week 24.
Biochemical remission was chosen over clinical remission
since it is known that clinical scores are neither sensitive nor
specific for inflammation or true disease states [25]. Sec-
ondary, we assessed the association between serum UST
trough levels at week 8 and biochemical remission at week
12. Furthermore, the association between UST trough levels
at week 16 with the biochemical remission to UST treat-
ment at week 24 was evaluated. Corticosteroid-free clinical
remission rates were evaluated. Corticosteroid-free clinical
remission was defined by a Harvey Bradshaw Index (HBI)
score <4 without concomitant corticosteroid use. Besides
clinical remission and biochemical remission rates, we also
assessed adverse events and infections at week 12 and 24. If
data were missing, patients were considered non-responders.

Bioanalytical Assays

Venous blood was collected during outpatient clinic visits
at discretion of the treating physician. Samples were centri-
fuged for 10 min (2000 g) and serum aliquots were frozen
(-80 °C). Samples were sent to Sanquin Biologics, Amster-
dam, the Netherlands, for measurement of UST levels and
antidrug antibodies (ADA). The UST level assay was an
enzyme-linked immunosorbent assay (ELISA). This assay
has been shown to have high reproducibility and sensitivity,
with low inter- and intra-assay variability [26]. ADA were
measured using a radioimmunoassay [27].

Statistical Methods

Differences in UST levels between patients achieving bio-
chemical remission and patients not achieving biochemical

remission was determined by Mann—Whitney U tests.
Quartile analysis was used to evaluate whether there was
an association between UST trough levels and clinical and
biochemical outcomes. Logistic regression was performed
to identify whether UST levels were predictive for biochemi-
cal remission, adverse events and infections. Depending on
the normality of the underlying distribution, continuous
variables were presented as means with standard deviation
(SD) of as median with interquartile range (IQR). Categori-
cal variables were presented as percentages and compared by
using the x 2 test. Factors predictive for biochemical remis-
sion and high UST levels were assessed using univariate
analysis. Multivariate analysis was performed when P <0.2
in univariate analysis.

To correct for multiple testing, Bonferroni correction was
used and P <0.0125 was considered to be statistically sig-
nificant. Statistical analyses were performed using IBM®
SPSS® Statistics version 26.0.0.1.

Statistical Methods PK Model

Population PK Model selection was based on statistical
significance, goodness of fit and stability. Throughout the
model building process, an altered model was chosen over
a precursor model if a difference in the objective functions
(-2 log likelihood) was > 6.63 (P <0.01, with 1 degree of
freedom, assuming X2 distribution). In addition, basic good-
ness-of-fit (GOF) plots, in which the observed concentration
is plotted against the individual- and population-predicted
concentrations, and the conditional weighted residual errors
are plotted against time and against population-predicted
concentrations, were assessed. Also, parameter precision,
shrinkage and interindividual variability (IIV) were taken
into account during the modelling process.

Ethical Consideration

This study was reviewed and approved by the Committee
on Research Involving Human Subjects at the Radboudumc
(institutional review board: 2018-4076).

Results
Baseline Characteristics

In the primary cohort, a total of 90 patients were included.
In the validation cohort, 34 patients were included. In total,
124 patients with CD treated with UST were enrolled in
this study and used in the analysis for remission rates and
exposure—response relationship. Baseline characteristics are
presented in Table 1.
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Table 1 Baseline characteristics of all included patients with Crohn’s
Disease initiating Ustekinumab

n=124
Age at inclusion (years) Mean (SD) 41 (14)
Female N (%) 77 (62.1%)
Disease duration (years) Median (IQR) 16 (9-26)
Follow-up (weeks) Median (IQR) 24 (22-24)
BMI? Mean (SD) 23.8 (5.5)
Active smoking N (%) 27 (21.8%)
Disease activity
HBI-score Median (IQR) 7 (4-11)
CRP (mg/L) Median (IQR) 14.6 (5.9-35.0)
Faecal calprotectin (mg/kg) Median (IQR) 768 (424-1790)
Albumin Median (IQR) 39 (34-41)
Peri-anal disease N (%) 17 (13.7%)
Medical history
Disease location”
Tleum N (%) 36 (29.0%)
Colon N (%) 47 (37.9%)
Ileocolonic N (%) 41 (33.1%)
Additional upper GI N (%) 5 (4.0%)
Disease behaviour
Inflammatory N (%) 67 (54.%)
Stricturing N (%) 32 (25.8%)
Penetrating N (%) 20 (16.1%)
Unknown N (%) 5 4.%)
Prior intestinal resections N (%) 69 (55.6%)
Prior peri-anal interventions N (%) 24 (19.4%)
Prior treatment
>1 anti-TNF N (%) 119 (96.0%)
>2 anti-TNF N (%) 85 (68.5%)
3 anti-TNF N (%) 7 (5.6%)
Vedolizumab N (%) 55 (44.4%)
Both vedolizumab and anti-TNF N (%) 54 (43.5%)
Concomitant treatment
Oral prednisone N (%) 30 (24.2%)
Oral prednisone dose (mg) Mean (SD) 20 (10)
Thiopurine N (%) 15 (12.1%)
MTX N (%) 9 (7.3%)
“Body Mass Index

"Maximum extend until inclusion

Most of the patients were female (62.1%). The mean age
at UST induction was 41 years (IQR 32-54) and the median
disease duration was 16 years (IQR 6-26). Only five patients
(4%) were anti-TNF naive. Twenty-four patients (19.4%)
were on concomitant immunosuppressive treatment and
30 patients (24.2%) were concomitantly treated with corti-
costeroids at baseline. All patients had biochemical disease
activity at initiation of therapy. None of the patients initiated
ustekinumab as post-surgical prophylaxis.

@ Springer

Clinical and Biochemical Outcomes

Of the included patients, 46/124 (37.1%) and 60/124 (48.4%)
were in corticosteroid-free clinical remission at week 12 and
24, respectively. Eighty-seven patients (70.2%) had clini-
cal disease activity at baseline. Biochemical remission was
achieved in 32/124 (25.8%) and 29/124 (23.4%) patients at
week 12 and 24, respectively. No predictors of biochemical
remission at week 24 were found (in supplementary table 1).

Exposure—Response Relationship (ER)
Ustekinumab Serum Concentrations

In the primary cohort, 265 UST levels were measured in 90
patients. UST levels were measured as part of standard clini-
cal care. However, the timing of UST level measurement was
different between the participating centres. The UST levels
were measured at week 8 (n=19), week 16 (n=36), week
24 (n=25), week 32 (n=18), week 40 (n=20) and week 48
(n=13) or in-between these time points. In the validation
cohort of 34 patients, 108 UST levels were measured during
follow-up (mostly at week 8 (n=17), week 16 (n=18), week
24 (n=6), week 32 (n=12) and week 48 (n=12)). All meas-
ured UST levels in the primary cohort were used to design
our Population PK model and all measured UST levels in our
validation cohort were used to validate our Population PK
model. The prediction-corrected visual predictive checks of
both cohorts are shown in Fig. 1 and show adequate predic-
tive performance of the model in both cohorts. Population
Pharmacokinetic parameters of the final model and 1000
Bootstrap runs are presented in Table 2. The median values
of the parameters estimated from the bootstrap analysis were
in good agreement with the point estimates and the 95% Cls
were reasonably narrow, demonstrating acceptable precision.

Median concentrations of UST were 4.2 ug/mL (IQR
2.8-5.8) at week 8 and 1.8 ug/mL (IQR 1.0-2.9) at week 16
in the primary cohort. In the validation cohort, median con-
centrations of UST were similar (4.5 (IQR 3.0-6.7) at week
8 and 1.8 (IQR 1.2-4.5) at week 16). Predictors for high
UST levels (> 6.3 ug/mL) are displayed in Table 3. There
was no association between serum albumin levels or CRP
and UST serum levels (P=0.43 and P=0.07, respectively).

ER Ustekinumab Trough Levels at Week 8

Patients achieving biochemical remission at week 12 had
significantly higher UST levels at week 8 compared to
patients without biochemical remission (6.6 ug/mL versus
3.9 yg/mL, P<0.01) (Fig. 2). Also, patients achieving bio-
chemical remission at week 24 had significant higher UST
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Fig. 1 Prediction-Corrected Visual Predictive Checks for the primary
(A) and validation (B) cohort. Comparisons were performed between
the 10th, 90th (blue solid) and 50th (red solid line) percentiles of the

observed ustekinumab serum levels (closed circles) vs. time after first
dose (days) and the 80% confidence interval (shaded area) obtained
from 500 simulations

Table 2 Population

e Final model
pharmacokinetic parameters

1000 Bootstrap runs results

of the final model and 1000 Mean value RSE (%) Shr. (%) Median value 95% CI
Bootstrap runs
CL (L/day) 0.297 15 0.304 0.202-0.431
vd (L) 6.06 22 6.33 3.43-10.75
Ka 0.146 10 0.146 0.109-0.501
F1 0.883 13 0.902 0.634-1.242
Interindividual variability (ITV)
CL (CV%) 22.7 17 29 22.14 12.51-30.37
Vd (CV%) 28 46 28.48 8.92-45.29
Random residual variability -
Proportional (CV %) 46.48 12 10 46.28 39.03-52.45

levels at week 8 compared to patients without biochemical
remission (6.3 pg/mL versus 3.9 pg/mL, P <0.01, respec-
tively) (Fig. 2).

Higher UST levels at week 8 were associated with
higher biochemical remission rates at week 12 (OR 1.35,
95%CI 1.16-1.56, P <0.01) and 24 (OR 1.31, 95%CI
1.13-1.52, P<0.01) in logistic regression analysis
(Fig. 3). In quartile analysis, patients with UST levels in
the highest quartile (> 6.3 pg/mL) at week 8 had higher
biochemical remission rates at week 12 and week 24
(Fig. 4).

Patients achieving corticosteroid-free clinical remission
at week 12 and 24 had no significant higher UST levels at
week 8 compared to patients without corticosteroid-free
clinical remission (4.52 pg/mL versus 4.16 pg/mL, P=0.99
and 4.69 pg/mL versus 4.13 pg/mL, P=0.59). There was no
association between UST levels at week 8 and corticoster-
oid-free clinical remission rates at week 12 and 24 in logis-
tic regression (OR 0.97, 95%CI 0.86-1.09, P=0.35 and

OR 1.10, 95%CI 0.90-1.13, P=0.86) and quartile analysis
(P=0.32 and P=0.74).

ER Ustekinumab Trough Levels at Week 16
as Predictor for Outcomes at Week 24

Patients achieving biochemical remission at week 24 had
significantly higher UST levels at week 16 compared to
patients without biochemical remission (2.84 ug/mL versus
1.61 pg/mL, P<0.01) (Fig. 2). Higher UST levels at week
16 were associated with higher biochemical remission rates
at week 24 in logistic regression analysis (OR 1.19, 95%CI
1.02-1.40, P<0.01) (Fig. 3). In quartile analysis, patients
with UST levels in the highest quartile (>3.00 ug/mL) at
week 16 had higher biochemical remission rates at week
24 (Fig. 4).

Patients achieving corticosteroid-free clinical remission
at week 24 had no significant higher UST levels at week
16 compared to patients without corticosteroid-free clinical
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Table 3 Predictors for UST trough levels > 6.3 ug/mL at week 8

Variable Univariate analysis
OR 95% CI p value

Age at inclusion 1.01 0.98-1.04 0.409
BMI 1.03 0.95-1.12 0.468
Sex 0.45 0.18-1.12 0.085
Disease duration 1.02 0.98-1.05 0.299
Disease location CD

Ileum Ref

Colon 0.18 0.01-3.54 0.261

Ileocolonic 0.48 0.03-8.28 0.616
Disease behaviour

Inflammatory Ref

Stricturing disease 0.65 0.15-2.93 0.576

Penetrating disease 046  0.07-3.09 0.420

Peri-anal disease 6.15 0.77-49.51 0.088

Prior intestinal resections 1.65 0.74-3.72 0.224

HBI at baseline 0.97 0.90-1.05 0.474

Concomitant corticosteroid use 0.81 0.35-1.86 0.615

remission (1.78 ug/mL versus 1.91 ug/mL, P=0.91). There
was no association between UST levels at week 16 and corti-
costeroid-free clinical remission rates at week 24 in quartile
analysis (P=0.65) and logistic regression (OR 0.94, 95%CI
0.81-1.08, P=0.45).

Immunogenicity

In 113 patients, anti-drug antibodies (ADA) were deter-
mined. In none of these patients, ADA antibodies were
detectable.

Safety Outcomes

In total, 124 patients were treated with ustekinumab for
113.5 patient-years. Fifty-eight adverse events and 29
infections were noted (supplementary table 2). Most com-
mon adverse events were headache and skin reactions. Ten
patients required intestinal resection during follow-up. There
was no association between UST levels and adverse events
at week 8 (P=0.26) and week 16 (P=0.06) in logistic
regression. In addition, there was no association between

20 77 77
* o]
-; 15 27
2 36 033
| o
@ 36
=2 10
11
2
o
L
2 5
No biochemical remission Biochemical remission No biochemical remission Biochemical remission
Biochemical remission at week 12 (P<0.01) Biochemical remission at week 24 (P<0.01)
20

Week 16 UST level

28

No biochemical remission

Biochemical remission
Biochemical remission at week 24 (P<0.01)

Fig. 2 Differences in ustekinumab serum levels in patients with and without biochemical remission at week 12 and 24. Biological remission was
defined as a C-reactive protein (CRP) <5 mg/L and/or faecal calprotectin (FC) <250 mg/kg
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UST level and infections at week 8 (P=0.52) and week 16
(P=0.36).

Ustekinumab Interval

After the first SQ injection, 16 (13.1%) patients started SQ
UST therapy at a 12-week interval (q12w), 103 (84.4%)
patients at an eight-week (q8w) interval, two patients at a
six-week interval and one patient at a four-week interval.
The remaining two patients discontinued treatment before
12 weeks after initiation. Q8w or q12w week interval was
centre dependent. At week 24, seven (9%) patients were
on a q12w dosing scheme, 67 (85.9%) on a q8w dosing
scheme, one on a q6w dosing scheme and one on a g4w dos-
ing scheme. Trough levels at week 16 were not statistically
significant different in patients on a q8w or a q12w dosing
scheme (1.7 pg/mL vs 1.0 ug/mL, P=0.70). Also, biochemi-
cal remission rates were not statistically significant different
between patients on a q8w or a q12w dosing scheme at week
24 (P=0.45).

Discussion

Ustekinumab is an effective and relatively safe therapy for
patients with CD, while it remains debated whether UST
levels are predictive for therapy response [28]. In this pro-
spective real-world cohort study of 124 patients with CD,

UST levels at week 8 and 16 were associated with biochemi-
cal remission outcomes. More specific, UST levels at week
8 in the highest quartile (> 6.3 ug/mL) were associated with
higher biochemical remission rates at week 12 and 24. UST
levels were not associated with corticosteroid-free clinical
remission rates.

Median UST levels were 4.2 pg/mL (IQR 2.8-5.8) at
week 8 and 1.8 ug/mL (IQR 1.0-2.9) at week 16. UST
trough levels at week 8 in our cohort were lower compared
to the post hoc UNITI analyses in patients receiving the
6 mg/kg UST induction dose (6.4 pg/mL at week 8).[11]
Patients in our cohort had higher CRP and FC levels at ini-
tiation of UST therapy. More severe disease activity may
be the explanation of the lower UST trough levels. In the
same study, trough levels between 24 and 40 weeks of UST
treatment in patients with q8w interval (2.0 pg/mL—2.2 pg/
mL) were comparable to our UST levels at week 16. In the
UNITI study, the trough levels in patients treated with the
ql12w dosing scheme were three-fold lower (ranging from
0.6 to 0.8 ug/mL at week 12, 24 and 36).

Only few studies have evaluated UST exposure-response
relation in induction phase at week 8 and during mainte-
nance at week 16. The results are heterogeneous. In 86 anti-
TNF-experienced patients with CD, UST levels of at least
4.2 pg/mL at week 8 were needed to achieve a biochemical
response at week 8 [13]. This is lower comparable to our
UST level quartile of > 6.3 ug/mL at week 8 that was associ-
ated with higher biochemical remission rates. This might be
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explained by the difference in outcomes. We described bio-
chemical remission which may require a higher UST level
threshold compared to biochemical response. In the same
cohort, UST levels of 2.3 pg/mL at week 16 were identified
as the minimal exposure needed to maximize the likelihood
of endoscopic response after six months. A prospective
study of 23 patients with CD described that trough UST
concentrations of > 1.10 ug/mL at week 12, more than five
times lower compared to our threshold, were associated with
biological response to UST treatment at 6 months [14]. Dif-
ferences might be explained by the induction dosing scheme
in which patients received UST SQ induction at week 0, 4
and 12 in contrast to our IV induction scheme. Also, the
number of patients included was limited.

Other studies showed the exposure—response relation
of UST levels during maintenance phase after 16 weeks
of treatment. UST pharmacokinetics based on the phase 3
induction (UNITI-1 and UNITI-2) and maintenance trials
(IM-UNITI) reported median UST concentrations rang-
ing from 2.0 to 2.2 pg/mL at week 44 in patients receiv-
ing 90 mg every 8 weeks [11]. However, only patients on
clinical response were included in the maintenance phase.

@ Springer

In a combined prospective, longitudinal and cross-sectional
cohort of 62 anti-TNF-experienced patients showed that
maintenance trough levels of UST >4.5 ug/mL were asso-
ciated with biomarker reduction and endoscopic response
[12]. Of these patients, 75% received UST 90 mg every
4 weeks. These results emphasize that patients can benefit
from early UST optimization at the end of induction therapy.
Several real-world studies confirmed that dose escalation
was successful in more than 50% of the cases [29, 30]. In
our cohort, the number of patients receiving dose escalation
was too limited to draw meaningful conclusions.

Only two cohorts evaluated the association between UST
trough levels and clinical outcomes. In the first study, there
was no association found [12]. Post hoc UNITI analysis
showed that serum UST concentrations > 0.8 pg/mL were
positively associated with clinical remission in both induc-
tion trials and maintenance phase serum [11]. Though it
was a prospective cohort with large number of patients, it
was a phase 3 study with highly selected patients and only
less than half of the patients were anti-TNF experienced.
In our cohort, there was only an association between UST
levels and biochemical outcomes, not clinical outcomes. It
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is known that clinical scores are neither sensitive nor spe-
cific for inflammation or true disease states [25]. This may
explain the discordance of clinical and biochemical out-
comes seen in our study. In IBD, mucosal healing is the
most reliable factor associated with improved outcomes
[31]. In our study, endoscopy was not mandatory and insuf-
ficient endoscopic data were available for analysis. Instead,
we assessed disease activity by using biochemical outcomes
(FC and CRP). Biochemical outcomes as faecal biomarker
concentrations are associated with endoscopic but not clini-
cal disease activity in patients with CD [32].

In our cohort, none of the patients developed UST anti-
bodies. This is in line with other prospective real-life studies
[14, 33]. In the UNITI trials, only in 0.2% of patients anti-
bodies were detected after induction therapy and in 2.3% of
patients at 44 weeks of treatment [11]. These results confirm
the low immunogenicity of UST.

The prospective, real-world study design is one of the
strengths of this study. Also, the use of a validation cohort
to confirm our PK model is a major strength. A limitation
of our study is the use of biochemical outcomes instead of
endoscopic outcomes, although both are aligned to endo-
scopic outcomes in patients with CD [32]. However, FC does
not always accurately reflect small-bowel CD [34]. Also,
when either CRP or FC was missing, only one marker was
used to determine whether the patient achieved biochemical
remission. Since patients with missing data were classified
as non-responders, remission rates might be underestimated.
All patients were included in the Netherlands, which is a
relatively small European country. Though patients included
in this study had comparable baseline characteristics (e.g.
disease duration, medical history and prior treatment) com-
pared to other real-world cohorts [35-38], other factors such
as lifestyle, diet, socioeconomic status and ethnical back-
ground were not assessed. Therefore, our population might
be not representative of a more global population. Another
limitation is the lack of systematic assessment of UST levels.
UST levels were determined at different time points during
follow-up. To correct for this, we developed a PK model
which we validated in another 34 patients with CD. At last,
we did not correct for corticosteroid use in the determination
of biochemical remission rates.

In conclusion, we demonstrated that UST levels at week 8
and 16 are associated with biochemical remission in patients
with CD. These outcomes can be used clinically to help
decide whether UST treatment should be continued eight
weeks after induction therapy. Prospective randomized trials
are needed to determine whether treatment outcomes can be
improved by dose escalation based on trough levels.
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