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Abstract

Background & Aims: Little is known about the relationship betweeteldgiumab exposure
during the first 2 weeks of treatment and outcoofgsatients with Crohn’s disease (CD). We
investigated the relationship between serum conagors of ustekinumab during the first 2
weeks of treatment and endoscopic and biocheneaaikssion in patients with CD.

Methods: In a prospective observational study, we meascoadentrations of ustekinumab
in serum samples from 41 consecutive patients wdrtesl treatment with ustekinumab
(approximately 6 mg/kg, intravenously, then 90 mgrg 8 weeks), due to endoscopic
markers of active CD, at a single center from Oet@®17 through January 2019. We
measured ustekinumab exposure parameters duririggh2 weeks (peak concentration
measured immediately after intravenous infusiorekn@ concentration, and area under the
curve through week 2). We investigated the cori@tadbetween these parameters and
endoscopic remission (simple endoscopic score bs€bres of 3 or less without ulceration,
assessed centrally) and biochemical remissionl(thfecal calprotectin below 100 mg/kg)
using the Mann-Whitney U test.

Results Endoscopic remission was achieved in 10 pati@#s1%) at week 24; biochemical
remission was achieved in 17 patients (41.5%) akvée 17 patients (41.5%) at week 16, and
21 patients (51.2%) at week 24. Peak concentratiesgciated with endoscopic remission
(area under the receiver operating characteriatiee; 0.717; 95% CI, 0.517-0.916); 6/13
patients (46%) with peak concentrations above 1§\ (upper tercile) achieved
endoscopic remission, compared to only 1/14 pati€fto) with peak concentrations below
88 ug/mL (lower tercile). All exposure parameteusing the first 2 weeks were associated
with biochemical remission. There was no signiftodifference between the associations of
peak concentrations, week-2 concentrations, ardaruhe curve through week 2, or later
exposure measures (at weeks 4 and 8) with bioclamiendoscopic remission.
Conclusions In a prospective study, we found that serum cotmatons of ustekinumab as
early as 1 hour after intravenous infusion mightibed to identify patients with CD most
likely to achieve endoscopic remission. This eatBasurement might be used to optimize

treatment of CD.

KEY WORDS: pharmacokinetics, therapeutic drug monitorinffammatory bowels
diseases, prognostic factor
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1 Introduction

Crohn’s disease (CD) is a debilitating, incuraldflammatory disease. Treatment is focused on
achieving clinical and endoscopic remission, witmtmrker remission considered an adjunct target.

Ustekinumab is a fully human Ig@Imonoclonal antibody against the p40 subunit, wigch
shared by IL-12 and IL-23lts efficacy in inducing and maintaining remissigirmoderate-to-severe
CD has been proven in the UNITI programeal-world studies of its effectiveness with ingaous
induction followed by subcutaneous maintenance hapmrted clinical remission rates of up to
50%."° but much lower endoscopic remission rates (7.7292%°°

Recently, an association of ustekinumab conceatratat weeks 4 and later with treatment
outcomes has been observed in trials and real-wantbrtss® However, the exposure-response
relationship at even earlier time points, during tinst 2 weeks of treatment, is unclear. Sincertit
optimization protocols (e.g., STARDUST — NCT03103y tclude early shortening of the dosing
interval to 4 weeks, the identification of patieneeding this dosing regimen at an earlier timextpoi
than currently studied, i.e., during the first 2eke after starting treatment, rather than at wdeés
8, would be clinically informative. This approaclould enable early proactive ustekinumab dose
optimization for patients who are unlikely to ackgeendoscopic remission with the current dosing
regimen. It also remains unclear whether alterpatheasures of ustekinumab exposure would be
more informative than concentrations alone.

Our principal aim was thus to prospectively stukg telationship of ustekinumab exposure
parameters during the first 2 weeks with robust alpjgctive subsequent outcomes: endoscopic and
biochemical remission. Furthermore, we also aineadmpare the predictive values of different
measures of very early exposure (peak concentstioeek 2 concentrations and area under the curve

within the first two weeks [AUg,]), with those of ustekinumab exposure at lateetpoints.

2 Methods

2.1 Patients and study design

We performed a prospective observational studysihgle tertiary referral center. The study design
conforms to the 1975 Declaration of Helsinki andsvapproved by the National Committee of
Medical Ethics (0120-013/2016-2; KME 18 January @03All patients provided written informed
consent.

All consecutive patients aged 18 years or oldeh WiD who started treatment with ustekinumab
between October 2017 and January 2019 were exarftinetigibility, allowing a follow-up period of
at least 24 weeks. The decision to commence tresitmdth ustekinumab was made by a

multidisciplinary team based on clinical, endoscaid biochemical evidence of disease activity, as
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well as the characteristics of individual patien®¥e included patients with endoscopically or
radiologically proven active luminal disease witBimonths prior to starting ustekinumab.
All patients received an intravenous ustekinumatudation dose of approximately 6 mg/kebb

kg: 260 mg; 55-85 kg: 390 mg; >85 kg: 520 mgq) iefli®ver one hour at week 0, followed by a
subcutaneous injection of a fixed maintenance dds@0 mg every 8 weeks. No dosing interval
modification or intravenous reinduction was perfedrin patients with inadequate response. Serum
samples were prospectively collected at week Oefves, 1 hour after the intravenous infusion
(hereafter referred to as peak), week 2, week 4veeek 8, and stored at -80 °C for subsequent

measurement after the completion of the study.
2.2 Outcomes

The primary endpoint of this study was endoscogimission, which was defined as a Simple
Endoscopic Score for CD (SES-CBH¥3 without mucosal ulceration. Colonoscopies wendopmed
between weeks 24 and 26. The procedures were mhotide recordings were anonymized and
assessed centrally by an expert endoscopist (N&&)was blinded to the patients’ conditions.

The secondary endpoint was biochemical remissidimett as a fecal calprotectin (FC) < 100
mg/kg. It was assessed at weeks 8, 16 and 24. Utheffcwas chosen based on test characteristics
identified by meta-analyse$ with a particular emphasis on studies using thmesassay as our

center?

2.3 Measurements

2.3.1 Ustekinumab exposure

Serum ustekinumab concentrations were measuredamtalidated enzyme-linked immunosorbent
assay (ELISA, ImmunoGuide®, Tani Medikal, Turkey)he assay displayed adequate precision
(coefficient of variation < 10%) and accuracy (bfa$0%), and the lower limit of quantification was
0.4 ug/mL. The reliability of the assay was additionatiynfirmed with a comparison to a reference
ELISA (apDia, Belgium, Supplementary figure 1), atiwas previously shown to be comparable to
the assay developed at Janssen (Spring House, ¥y®¥tibodies against ustekinumab were not
determined, based on their reported low occurreaies

A noncompartmental pharmacokinetic analysis wadopeed to determine cumulative
exposure to ustekinumab, which was reported asutha under the serum concentration-time curve
(AUC). The AUC values from treatment initiationueeek 2 (AUG.,), week 4 (AUG.,) and week 8
(AUCqg) were calculated using a linear-log trapezoidathme (linear in the ascending phase and

logarithmic in the descending phase, Supplemeffiguye 2).
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2.3.2 Biomarkers

Patients collected fecal samples from their firsrmmg bowel movement at home (at baseline, week
8, week 16, and week 24) and transported the casdetples to the hospital within 24 hours. FC
concentrations were measured using the CalpresBAldssay (Eurospital, Triest, Italy) with a

measurement range of 15.6-500 mg/kg.
2.4 Statistical analysis

Descriptive statistics are reported as percentdgesnominal variables and as medians and
interquartile ranges (IQR) for continuous variablgstekinumab exposure was compared between
patients who achieved or did not achieve the ouécemdpoint using thiMann-Whitney U test
Other variables were compared using the matchadvgidgoxon signed rank tesy? McNemar test

for dependent samples or Fisher’s exact test, poppate. A one-sided Cochran-Armitage trend test
was used to evaluate the presence of a trend jprdpertion of patients achieving the outcome aros
ustekinumab exposure terciles. Correlations wesess®d by calculating the Pearson correlation
coefficient. Univariable logistic and linear regiEs analyses were performed to identify
independent predictors of outcomes and ustekinuex@losure, respectively. Additionally, the peak
ustekinumab concentration and predictors Witk 0.1 in the univariable analysis were subjected t
multivariable regression analysis. Receiver opegatharacteristic (ROC) curves were constructed to
assess the diagnostic performance of ustekinumpbsexre. Youden’s J statistic was computed to
identify threshold valueS. ROC curves were compared using DelLong’s methAd@hta outside the
limits of quantification were substituted with limialues (ustekinumab: 0.4 pg/mL; FC: 15 and 500
mg/kg). P <0.05 with no adjustment for multiple comparisorasveonsidered significant. Statistical
analyses were performed using SPSS, version 25,({BiNtago, USA). R software, version 3.6.0 (R
Development Core Team, Vienna, Austria) and thekages pROC and DescTools were used to

compare ROC curves (DelLong test) and for the ttesid(Cochran-Armitage test).

3 Results

3.1 Patient characteristics

Fifty-four patients were examined for eligibilitheé 13 were excluded due to endoscopically inactive
disease at baseline (10 patients started treatwidmtustekinumab due to psoriasiform skin lesions,
three due to frequent infections — all of whom wareviously treated with anti-TNF agents), yielding
a final cohort of 41 patients. The median diseagatibn was 16 years (IQR 7-26), and 61% had
been exposed to biological therapy (58.5% to aNt~hgents and 22.0% to vedolizumab (Table 1)).
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3.2 Patient outcomes: Endoscopic and biochemical remiss

None of the patients discontinued ustekinumab pyerarior to the endoscopic assessment. Ten
patients (24.4%) achieved endoscopic remission dervwveeks 24 and 26, and 12.2% (5/41) had a
score o2. After stratification by prior exposure to biologls, a nonsignificant trend of a higher rate
of endoscopic remission was observed in biologiaadiive patients (6/16 vs. 4/25= 0.202).

At baseline, 24.4% (10/41) of patients had FC bel®® mg/kg. Median FC decreased from
baseline (160 [IQR 93-265]) to week 8 (122 [IQR 382]; P = 0.029) and further decreased at week
16 (105 [IQR 45-248]P = 0.041 compared to baseline) and week 24 (82 MBR202];P = 0.022
compared to baseline).

At week 8, 41.5% (17/41) of patients achieved bévaltal remissionR = 0.039 compared to
the baseline), 41.5% (17/41) of patients achiewdission at week 18°(= 0.039 compared to the
baseline) and 51.2% (21/41) of patients achievenission at week 24P(= 0.017 compared to
baseline).

A positive correlation was observed between SESaCleek 24 and FC at all time points
(Supplementary table 1). At week 24, 80% (8/10pafients in endoscopic remission were also in
biochemical remission, while 45.2% (14/31) of patteewho did not achieve endoscopic remission
were in biochemical remission. FC below 100 mg/kgeek 24 predicted endoscopic remission with
a sensitivity, specificity, positive predictive ual and negative predictive value of 80, 56, 38 and
89%, respectively. FC below 50 mg/kg at week 24ligted endoscopic remission with a sensitivity,
specificity, positive predictive value and negatipeedictive value of 40, 79, 40 and 79%,

respectively.
3.3 Ustekinumab concentrations and cumulative exposurAUC)

One hundred fifty-nine serum samples were prosgagti collected to measure ustekinumab
concentrations. Four samples at week 2 and one lsaatpweek 4 were missing. The median
ustekinumab concentrations were 98gmL [IQR 83.7-114.2], 27.4g/mL [IQR 22.6-32.2], 15.6
pg/mL [IQR 10.3-20.4] and 4.4dg/mL [IQR 2.78-7.70] at the peak, week 2, week 4 amek 8,
respectively. One measurement was below the lihguantification (week 8).

The median AUG, was 781 ug*day/mL [IQR 646-896], median AUG was 1063
ug*day/mL [IQR 884-1285] and median AJgwas 1203ug*day/mL [IQR 953-1455]. Higher
ustekinumab exposure was associated with a highselihe albumin, lower baseline C-reactive
protein (CRP), lower baseline FC and the absencegr@fious biological therapy (Supplementary
tables 2 and 3).
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3.4 Exposure-response relationship

The three measures of very early ustekinumab exposare associated with endoscopic remission
and biochemical remission at the studied time go{iiable 2 and Supplementary table 4). More
specifically, peak concentrations predicted bottoscopic and biochemical remission at 24 weeks.
Furthermore, peak concentrations were clinicalfprimative, as only 7% (1/14) of patients with a
peak concentration below 88 pg/mL achieved endascamission, compared to 46% (6/13) of
patients with a concentration above 105 pg/mL (Fégd, P = 0.010). Importantly, peak
concentrations predicted outcomes independentijeofistekinumab dose per kilogram (AUROC for
dose per kilogram 0.471-0.578;= 0.495-0.937; data not shown). The more stringanipoint of
complete mucosal healing (SES-CD 0) yielded simiégults (Supplementary table 5). Multivariable
logistic regression confirmed the independent mteai value of peak ustekinumab concentrations for
endoscopic remission (Supplementary tables 6-8).

Week 2 concentrations and AlgCpredicted all biochemical outcomes at the studien
points (Table 2), and the tercile analysis confainge higher proportion of patients who achieved
remission with higher exposure (Figure 2). Additittyy a nonsignificant trend of higher endoscopic
remission was observed in patients with a higheekw2 concentration (Figure P, = 0.132) and
AUC,., (P = 0.052). Although a high negative predictive alior biochemical remission was
observed for all three measures of very early exgo¢Table 2), AUg, was the best predictor of
biochemical remission at the end of the study. Ngnad 10 patients with AUg, > 860ug*day/mL
were in biochemical remission at end of the stuty4 weeks. Quartile analysis confirmed the
findings of tercile analysis (Supplementary figufesand 6). Apart from ustekinumab exposure,
baseline albumin, CRP and FC were additional facassociated with biochemical remission in
univariable regression (Supplementary tables 6-8).

Based on the comparison of ROC curves, measurespolsure at later time points (week 4 and
8 concentrations, AUC, and AUG g) did not increase the predictive values for theligd outcomes
compared to the three measures of very early usiskib exposure (peak, week 2 concentration and
AUC,,, data not shown).

4 Discussion

This study is the first with a prospective real-ldodesign to explore the correlation between very
early ustekinumab exposure (within 2 weeks of stgrtreatment) and endoscopic and biochemical
outcomes. We confirmed the predictive value of wdelnd 8 drug concentrations identified in
previous studi€s'® for biochemical and endoscopic remission after 6ntims of treatment.
Additionally, our study is the first to show thagry early ustekinumab concentrations, measured
within two weeks of treatment, have similar pregetvalues as concentrations measured at week 4

or later. The most striking observation was that peak concentration, measured immediately after
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the intravenous infusion of ustekinumab, exhibiesimilar performance to concentrations measured
at the later time points identified. Based on dndifigs, therapeutic drug monitoring during thestfir
two weeks of initiation of ustekinumab might helpatify patients according to the probability of
achieving important treatment outcomes with theanity approved dosing regimen.

The high negative predictive value of peak ustekiabh concentrations, measured
immediately after the intravenous infusion, enalbhesaccurate and timely identification of patients
who are unlikely to achieve endoscopic remissior6 anonths. This finding might help guide
ustekinumab treatment optimization — either throutdpe earlier administration of the first
subcutaneous dose or using maintenance dosing evemeeks. The latter strategy is being
increasingly reported in real-world studidsalthough data from a prospective trial supportinig
approach are still awaited (STARDUST NCT03107793).

Our study expands on previous studies reportinggosure-response relationghip by
focusing on even earlier time points, i.e., belwezk 4. This very early time window has not yetrbee
studied in a real-world cohort. Adedokun et ahalyzed the data from the UNITI trials, wherekpea
concentrations were measured after the intraveimfusion, but a detailed analysis of an exposure-
response relationship was not provided for thesey \aarly measurements. Although minor
discrepancies in outcome definitions preclude aeadircomparison, the predictive value of
ustekinumab concentrations measured up to week2atvéeast as good, if not better, than that of
concentrations measured at weeks 4 and 8 in twogue studie§’® The identified cut-off values at
later time points in our study were in the rangehofse identified in previous studies, which furthe
supports the validity of our results.

Our study revealed a strong relationship betwesgtiet outcomes and peak ustekinumab
concentrations, which depends on the ustekinumdbme of distribution. Patients with active
disease have higher serum concentrations of theflmmmatory cytokines IL-12 and IL-23.A
higher target concentration might lead to incredsiading of ustekinumab to these cytokines, which
would result in a higher apparent volume of disttitn and consequently a lower peak concentration.
Thus, the peak ustekinumab concentration could deel o stratify patients according to disease
activity. Consistent with our findings, a receridst of rituximab in diffuse large B-cell lymphoma
identified a positive association between the mhab volume of distribution and baseline total
metabolic tumor volume: the higher the tumor burdie higher the volume of distribution and the
lower the exposur¥.

Researchers have not clearly determined the besinpter to predict the initial response to
biologics: peak drug concentration, trough conaiun or cumulative exposut. In our study, the
differences in the predictive value between thégseet measures were minor and the correlations
between them were very strong. We therefore recamdmeneasuring peak ustekinumab
concentrations immediately after the intravenoussion: a single measurement that provides as

much information as multiple serial measurementsearables very early therapeutic intervention.
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In contrast to previous studies, which reportedosndpic remission rates ranging from 7.1%
to 10.9%>?° we observed a higher endoscopic remission rag @ with a more liberal definition
of SES-CD<3 without mucosal ulceration. In our study, 12.2ffpatients had a SES-CD scaf2. .
Compared to other studies of ustekinumab we obdeavhigher endoscopic remission rate, which
might be associated with the higher proportioniofriaive patients.

The progressive decrease in median FC in our cauggested an improvement in disease
control. Despite using a stringent threshold tardebiochemical remission, approximately half af th
patients without endoscopic remission achievedhaotcal remission and the test characteristics of
FC cut-off values were poorer than those reponietiéta-analyse$:** The accuracy of FC to predict
endoscopic remission strongly depends on the conigth important differences observed between
different disease locations in patients with CDwLIevels of FC have been reported, despite the
presence of endoscopically active isolated ileakasé” which was present in approximately one-
third of patients in our cohort and may at leastigly explain the observed divergence between
biochemical and endoscopic remission.

The strength of our study was its prospectivegtesiith objective and robust endpoints. We
acknowledge that the relatively small sample simkthe single center design were limitations. Given
the rare occurrence of antibodies, they were netsured® Moreover, despite the lower percentage of
patients who were previously exposed to biologichbn in other studies, our findings cannot be
readily extrapolated to bio-naive patients. Thedowaseline FC may partially be explained by
interassay differences,as the assays used in other studies reportedstem$y higher values than
our assay, as well as a higher proportion of pttisvith ileal disease. Finally, we are unable to
exclude the possibility that our cohort was différfom previously studied cohorts, although alf ou
patients had confirmed endoscopically active diseddnfortunately, the baseline endoscopy
performed in our study was not externally read, wedwere therefore unable to provide a baseline
SES-CD to facilitate comparisons with previous ssd

In conclusion, this prospective real-world studythe first to report an exposure-response
relationship between ustekinumab concentrationssared during the first two weeks of treatment
and robust endpoints of endoscopic remission anchéithalization at 6 months. These findings
provide a unique opportunity for very early proaetireatment optimization, supported by therapeutic

drug monitoring.
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Figure and table captions

Table 1. Patients’ characteristics at baseline i)

Table 2. Analysis of the receiver operating chamastic (ROC) curves for ustekinumab
exposure parameters (serum ustekinumab concemsatqeak, week 2, week 4, week 8 and
the cumulative exposure parameters AJAAUC,.4, and AUG.g), biochemical remission (a
fecal calprotectin < 100 mg/kg at week 8, weekd&] week 24) and endoscopic remission
(SES-CD< 3 without ulceration).

Figure 1. Analysis of the proportion of patientsondchieved endoscopic remission at week
24 for different terciles of the peak ustekinumabnaentration (A), ustekinumab

concentration at week 2 (B) and cumulative expospre week 2 (AUg, C).

Figure 2. Analysis of the proportion of patientsordchieved biochemical remission at week
8, week 16 and week 24 for different terciles oflpaistekinumab concentration (A),

ustekinumab concentration at week 2 (B) and cunvel@&xposure up to week 2 (Adg C).



Table 2. Analysis of the receiver operating chamastic (ROC) curves for ustekinumab exposure patara (serum ustekinumab concentrations at peadk Rieweek 4, week 8 and the
cumulative exposure parameters AJUCAUC, 4, and AUG.g), biochemical remission (a fecal calprotectin € Hg/kg at week 8, week 16, and week 24) and eogascemission (Simple
Endoscopic Score for Crohn’s diseas@ without ulceration).

Median exposure parameter (IQR)

Pvalue AUROC 95% Cl 2E:|rgf?l Sen_zjotlvny, Specoz/l(flcny, P0F/>OV, N(I;)V,
Responders Non-responders
Biochemical remission at week 8
Peak ig/mL) 107.3 (95.7,123.3) 88.3(79.3,103.5) 0.004 0.768).612-0.923 96.0 82 71 70 83
Ustekinumab w2(@/mL)  30.9 (26.1, 35.9) 24.1 (21.4, 29.3) 0.004 0.778 116938 24.7 88 67 71 86
Ustekinumab w4 @/mL) 20.4 (15.8, 23.6) 11.7 (7.7, 16.3)  <0.0010.840 0.709-0.972 15.0 88 76 75 89
Ustekinumab w8(g/mL) 7.4 (4.4, 11.0) 3.3(25,5.9) 0.001 0.815 0.6750. 6.85 65 86 79 75
AUCq, (ug*day/mL) 868 (642, 1093) 643 (503, 784) 0.002 0.804 0.69B8D. 714 88 67 71 86
AUCq 4 (ug*day/mL) 1230 (1073, 1405) 893 (833, 1077) 0.001 0.804 0mea7 1063 82 76 74 84
AUCqg (ng*day/mL) 1450 (1208, 1596) 1008 (903, 1242) < 0.0010.824 0.688-0.959 1091 88 71 71 88
Biochemical remission at week 16
Ustekinumab w2(@/mL) 31.1 (25.6, 35.9) 24.3 (20.4, 28.7) 0.007 0.761 026921 24.7 82 61 67 79
Ustekinumab w4@/mL) 20.3 (15.6, 23.7) 11.7 (7.9, 17.3) 0.002 0.787 36432 15.0 82 67 67 82
Ustekinumab w8(g/mL) 7.2 (4.6, 11.3) 3.3(2.3,6.2) 0.003 0.782 0.63328. 4.37 82 67 67 82
AUCq, (ug*day/mL) 844 (762, 987) 667 (637, 785) 0.013 0.745 0.5728®.9 747 82 72 74 81
AUCq 4 (ug*day/mL) 1202 (1036, 1405) 909 (836, 1099) 0.006 0.756 0G9%6 989 82 67 67 82
AUCqg (ug*day/mL) 1410 (1147,1596) 1008 (908, 1242)  0.003 0.779 M®B231 1085 88 67 68 88
Biochemical remission at week 24
Peak tig/mL) 108.8 (94.1,123.4) 85.5(77.6,100.3) 0.003 0.783.632-0.934 104 62 94 93 65
Ustekinumab w2(@/mL)  30.5 (25.2, 35.6) 23.2 (19.0, 25.9) 0.003 0.800 416.953 27.2 70 85 88 65
Ustekinumab w4g/mL)  19.4 (13.9, 22.7) 11.6 (8.4, 14.9) 0.002 0.803 06846 15.0 71 80 83 67
Ustekinumab w8(g/mL) 7.1(4.0,10.7) 3.3(2.2,5.0) 0.018 0.729 0.5@30. 6.85 52 94 92 60
AUC, (ug*day/mL) 856 (758, 983) 643 (606, 745) 0.001 0.835 0.692H.9 714 85 77 85 77
AUCq 4 (ug*day/mL) 1216 (1023,1383) 884 (827, 1013) 0.002 0.794 0935 924 86 67 78 77
AUCqg (ug*day/mL) 1401 (1119, 1576) 975 (907, 1108) 0.001 0.818 0998 1085 81 75 81 75
Endoscopic remission at week 24
Peak tig/mL) 113.6 (96.3,130.0) 89.9 (81.9,106.6) 0.043 0.717.517-0.916 111 60 83 55 86

IQR, interquartile rang AUROC, area under the ROC curve; CI, confidencerval; PPV, positive predictive value; NPV, negafjwedictive value; AU, area under the ustekinumab serum concent-time curvg w2, week 2; w4

week 4; w8, week 8



Table 1. Patients’ characteristics at baseline 4d)= Abbreviations: CD — Crohn’s disease; IQR —

interquartile range; TNF — tumor necrosis factagTU- ustekinumab

Women, n (%)
Age at UST initiation, years, median (IQR)
Weight, kg, median (IQR)
Height, cm, median (IQR)
Intravenous ustekinumab dose, n (%)
260 mg
390 mg
520 mg
Disease duration, years, median (IQR)
Disease location, n (%)
ileal (L1)
colonic (L2)
ileocolonic (L3)
upper gastrointestinal involvement (L4)
Fistulizing perianal disease, n (%)
History of CD-related surgery, n (%)
Smoking status, n (%)
active smoking
previously smoking
never smoked
Previous biological therapy, n (%)
previous anti-TNF exposure
previous vedolizumab exposure
previous anti-TNF and vedolizumab
exposure
Systemic steroids at baseline, n (%)
Topical steroids at baseline, n (%)
Immunomodulators at baseline, n (%)
azathioprine
methotrexate
Harvey-Bradshaw score, median (IQR)
Fecal calprotectin, mg/kg, median (IQR)
C-reactive protein, mg/L, median (IQR)
Albumin, g/L, median (IQR)

21 (51)

48 (38)-5

70 (59-83)
170 (163-180)

6 (15)
26 (63)
9 (22)

16 (7—26)

12 (29.3)
3(7.3)
26 (63.4)
3(7.3)
6 (14.6)
26 (63.4)

5 (12.2)
9 (22.0)
27 (65.9)
25 (61)
24 (58.5)
9 (22.0)
8 (19.5)

6 (14.6)
2 (4.9)
4(9.7)
3(7.3)
1(2.4)
7 (4-10)
160 (91279
3 (3-13)
43 (41-44)
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Supplementary table 1. Correlations between ustekimmab exposure measures and outcomes, presented @ai3on’s correlation coefficients.

etk Ustekinumab Ustekiumab Ustekinumab  ayc,,  AUC,,  AUCys  FCweek8 FCweek16 FCweek 24
Ustekinumab w2 0.627**
Ustekinumab w4 0.462** 0.754%**
Ustekinumab w8 0.370* 0.611%** 0.931%**
AUC,., 0.911%* 0.892*** 0.704*** 0.54 7%+
AUCq4 0.786*** 0.937*** 0.824*** 0.700%*** 0.980***
AUC.¢ 0.738*** 0.923*** 0.894*** 0.797*** 0.944*** 0.989***
FC week 8 -0.284 -0.485** -0.514%* -0.468** -0.463 -0.384* -0.425**
FC week 16 -0.364* -0.448** -0.530*** -0.466** -0 ** -0.401* -0.439** 0.709**
FC week 24 -0.328* -0.520** -0.509** -0.461** -0.47* -0.407* -0.457** 0.581** 0.641*
SES-CD week 24 -0.404** -0.333* -0.441** -0.480** 0.398* -0.410** -0.451** 0.565** 0.402* 0.560**
FC, fecal calprotectin; SE-CD, SimpleEndoscopic Score for Crohn’s disease; AUC, are&utiet ustekinumab serum concentre-time curve; w2, week 2; w4, week 4; w8, week P < 0.05; **P < 0.01; ***P < 0.00:




Supplementary table 2. Univariable linear regressio analysis of predictors of ustekinumab exposure.

Peak tg/mL) Ustekinumab w2ug/mL) Ustekinumab w4ug/mL) Ustekinumab w8ug/mL) AUGC,.; (ng*day/mL) AUG.4 (ng*day/mL) AUG.s (ug*day/mL)
Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value
Baseline serum albumin (g/L) 1.91 (0.97) 0.057 1®@e1) 0.006 1.06 (0.29) 0.001 0.56 (0.17) 0.002 5.32(9.04) 0.008 34.83 (11.68) 0.005 45.29 (14.09) 0.003
Baseline CRP (mg/L) -0.37 (0.22) 0.098 -0.20 (0.08) 0.023 -0.21 (0.07) 0.003 -0.11 (0.04) 0.007 -41079) 0.029 -7.27 (2.59) 0.008 -9.19 (3.14) 0.006
Baseline FC (mg/kg) -0.03 (0.02) 0.106 -0.01 (0.01) 0.186 -0.018 (0.01) 0.009  -0.008 (0.004)  0.031  31@0.19) 0.108 -0.58 (0.25) 0.027 -0.77 (0.29)  18.0
No previous biological therapy 13.42 (5.96) 0.030 .2292.16) 0.001 5.12 (1.96) 0.013 3.45 (1.07) DP.00 156.74 (48.92) 0.003  208.97 (73.61)  0.007  27{88MP5)  0.003
Body weight (kg) 0.34 (0.17) 0.056 0.004 (0.078) 960.  -0.0002 (0.06)  0.997 0.02 (0.03) 0.481 1.866)l.  0.267 1.11 (2.31) 0.480 1.26 (2.82) 0.658
Sex 7.32 (6.07) 0.235 3.24 (2.47) 0.197 1.44 (2.08) 0.494 0.17 (1.17) 0.884 72.98 (53.40) 0.180 9878605) 0.241  110.20 (94.34)  0.250
Disease duration atbaseline ;g 5, 0.525 -0.15 (0.11) 0.191 -0.06 (0.09) 510 -0.01 (0.05) 0.802 -1.15 (2.51) 0.65 2.0878. 0578 -1.94 (4.33) 0.656

(years)
SE, standard error; FC, fecal calprotectin; AUGaaunder the usiekinumab serconcentratio-ime curve; w2, week 2; w4, week 4; w8, week 8;érefice class: Sex, Mi

Supplementary table 3. Multivariable linear regres$on analysis of predictors of ustekinumab exposure.

Peak g/mL) Ustekinumab w2pug/mL) Ustekinumab w4pg/mL) Ustekinumab w8ug/mL) AUGC,.; (ng*day/mL) AUG.4 (ng*day/mL) AUG,s (ng*day/mL)
Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value
Baseline serum albumin (g/L) 0.82 (1.06) 0.442 q38) 0.052 0.59 (0.31) 0.064 0.29 (0.17) 0.097 6.73(8.68) 0.063 13.66 (11.99) 0.263 19.31 (13.78) 0.171
Baseline CRP (mg/L) -0.20 (0.22) 0.367 -0.11 (0.07) 0.140 -0.08 (0.07) 0.235 -0.04 (0.04) 0.249 -21385) 0.167 -2.86 (2.65) 0.290 -3.60 (3.02) 0.242
Baseline FC (mg/kg) / / / / -0.01 (0.01) 0.105 65@0.003) 0.178 / / -0.38 (0.26) 0.145 -0.51 (.28 0.079
No previous biological therapy 9.83 (6.08) 0.115  706(2.04) 0.002 3.50 (1.90) 0.075 2.61 (1.04) 0.017123.81 (46.83)  0.012  172.10(73.74)  0.026  21934¢)  0.013
Body weight (kg) 0.21 (0.18) 0.246 / / / / / / / / / / / /

SE, standard error; FC, fecal calprotectin; AUGgannder the ustekinumab serum concentr-time curvewZ, week 2; wé, week 4; w8, week 8; Reference claeg, Mal. Only variables witlP < 0.1in theunivariable analysis were included in the multigafé analysi



Supplementary table 4. Analysis of the receiver opating characteristic (ROC) curves for ustekinumabconcentration at peak, week 2, week 4, and week@jmulative ustekinumab
exposure up to week 2, week 4 and week 8 (AYg AUCq 4, and AUC,.¢) and biochemical responses at week 8, week 16 amdek 24 (fecal calprotectin < 100 mg/kg).

Median exposure parameter (IQR) Optimal Sensitivity. Specificity. PPV. NPV
g o ptima ensitivity, Specificity, , ,
P-value AUROC 95% CI cut-off % % % %
Responders Non-responders
Biochemical remission at week 16
53 91 82 70

Peak (g/mL) 108.8 (88.7,119.9) 91.2(81.9,103.1) 0.095  0.6610.475-0.847 107

Endoscopic remission at week 24

Ustekinumab w2y(g/mL) 30.7 (24.8 —35.9)  25.7 (22.6,31.3) 0.256  0.627 408:0.846  27.2 80 58 42 88
Ustekinumab w4y(g/mL)  18.4 (13.7,25.0)  15.0(9.5,20.3) 0.064  0.700 ©O5B90  23.7 40 97 80 82
Ustekinumab w8y(g/mL) 5.7 (2.8, 12.8) 4.5 (3.2,7.5) 0221  0.633 04E59. 11.1 40 97 80 83
AUC,., (ng*day/mL) 886 (747, 1003) 736 (643,855)  0.089  0.673  0.488D. 776 80 62 44 89
AUCq., (ng*day/mL) 1249 (1019, 1402) 1013 (872,1213) 0.128  0.666 D079 1073 80 62 42 90
AUCqg (ng*day/mL) 1421 (1137,1611) 1114 (966,1391) 0.117  0.683 701890 1208 80 60 40 90

IQR, interquartile range; AUROC, area under the RiD&ve; CI, confidence interval; PPV, positpredictive value; NPV, negative predictive valu&J@, area under the ustekinumab serum concent-time curve; w2, week 2; w:

week 4; w8, week 8



Supplementary table 5. Analysis of the receiver opating characteristic (ROC) curves for ustekinumabconcentrations at peak, week 2, week 4, and weekd®jmulative ustekinumab
exposure up to week 2, week 4 and week 8 (Alg AUC, 4, and AUC,g) and complete mucosal healing (Simple Endoscopic&e for Crohn’s disease of 0).

Median exposure parameter (IQR
P P (IQR) Optimal  Sensitivity, Specificity, PPV, NPV,

Responders - P-value AUROC 95% ClI cut-off % % % %
(n=2) Non-responders (n = 39)
Endoscopic remission at week 24

Peak (ig/mL) 120.8 (/) 96.1(83.1, 110.2) 0.126 0.842 0.690-0.99 110.7 100 76 17 100

Ustekinumab w2y (@/mL) 32.0() 27.4 (225, 32.2) 0.384 0.706 0.395-1.000 35.9 50 85 17 96
Ustekinumab w4(g/mL) 24.8 () 15.2 (9.9, 20.0) 0.024 0.946 0.869-1.000 3.72 100 91 33 100
Ustekinumab w8y(g/mL) 12.1 (/) 4.4 (2.9,7.5) 0.032 0.932 0.852-1.000 111. 100 91 40 100

AUC, ., (ng*day/mL) 910 (/) 742 (635, 869) 0.219 0.784 0.564-1.000 792 100 65 13 100

AUC,4 (ng*day/mL) 1313 (/) 1060 (838, 1276)  0.185 0.803 0.576-1.000 1441 100 66 13 100

AUC, 5 (ng*day/mL) 1546 (/) 1170 (944, 1452)  0.144 0.829 0.606-1.000 3761 100 68 14 100

QR interquariile range; AUROC, area under the R@Dfve; CI, confidence interval, PPV, positive poiide value; NPV, nedive predictive value; AUC, area under the ustekiab serunconcentratio-time curve; w2, week 2; w:

week 4; w8, week 8



Supplementary table 6. Univariable logistic regresen analysis of predictors of treatment outcomes.

Endoscopic remission at week 2Biochemical remission at week 8 Biochemical remission at week 16

Biochemical reiisat week 24

OR P-value OR P-value OR P-value OR P-value
Baseline serum albumin (g/L) 1.113 0.426 1.372 30.0 1.235 0.107 1.443 0.026
Baseline CRP (mg/L) 0.908 0.215 0.859 0.036 0.931 .10@ 0.929 0.064
Baseline FC (mg/kg) 0.993 0.088 0.975 0.007 0.986 .010 0.992 0.023
No previous biological therapy 3.00 0.144 3.571 66.0 3.572 0.065 4.768 0.044
Body weight (kg) 1.013 0.537 1.016 0.413 1.006 9.75 1.006 0.771
Sex 2.667 0.209 2.016 0.295 1.571 0.493 3.575 0.070
Disease duration at baseline (years) 1.004 0.906 0021. 0.952 1.025 0.437 1.044 0.177
Peak (1g/mL) 1.043 0.046 1.055 0.012 1.034 0.092 1.064 08.0
Ustekinumab w2(@/mL) 1.034 0.503 1.178 0.013 1.166 0.016 1.221 1D.0
Ustekinumab w4(g/mL) 1.142 0.049 1.292 0.002 1.221 0.005 1.221 08.0
Ustekinumab w8(g/mL) 1.198 0.072 1.462 0.004 1.388 0.007 1.390 10.0
AUC, (ug*day/mL) 1.004 0.140 1.008 0.007 1.006 0.023 1.010 0.007
AUCq 4 (ng*day/mL) 1.002 0.118 1.005 0.003 1.004 0.011 1.005 0.010
AUCq g (ug*day/mL) 1.002 0.079 1.005 0.002 1.004 0.007 1.004 0.006
Peak (dichotomous) 7.501 0.013 5.33 0.034 8.449 160.0 13.64 0.020

FC, Tecal calprotectin; AUC, area under the usiekiab serum concentrat-time curve; w2, week 2; w4, week 4; w8, week 8; @IS’ rafio; Reference classes: Sex, Male; Peak@@mous): belovIIIug/mL




Supplementary table 7. Multivariable logistic regression of predictors of treatment outcomes. Ustekimaab peak concentration is considered a dichotomoustegoric variable —

reference class below 111 pg/mL.

Baseline serum albumin (g/L)
Baseline CRP (mg/L)

Endoscopic remission at week 2Biochemical remission at week 8 Biochemical remission at week 16

OR

Biochemical remissit week 24

P-value

Baseline FC (mg/kg)
No previous biological therapy
Sex
Peak (dichotomous)

CRP, (-reactive proteinFC, fecal calprotectin, OR odds’ ratio; Refere classes:

P-value OR
/ 1.057
/ 0.774
0.147 0.968
/ 5.867
/ /
0.031 1.847

Sex, Male; Peak (dichotomous): belov pg/mL

571.

0.961

0.997

4.132

6.073
12.55

0.073
0.504
0.499
0.235
0.124

- Only variables witlP < 0.1 in univariable analysis were included in nngfivariable analysi

0.091



Supplementary table 8. Multivariable logistic regression of predictors of treatment outcomes. Ustekimaab peak concentration is considered a continuousaviable.

Endoscopic remission at week 2Biochemical remission at week 8 Biochemical remission at week 16 Biochemical reioissit week 24

OR P-value OR P-value OR P-value OR P-value
Baseline serum albumin (g/L) / / 1.225 0.509 / / 41P. 0.146
Baseline CRP (mg/L) / / 0.695 0.398 / / 0.965 0.509
Baseline FC (mg/kg) 0.995 0.176 0.975 0.085 0.985 .02D 0.997 0.561
No previous biological therapy / / 5.165 0.260 810 0.169 2.529 0.389
Sex / / / / / / 4.660 0.183
Peak (1g/mL) 1.040 0.101 1.055 0.210 1.008 0.798 1.038 70.1

CRP, Creacfive proteinFC, fecal calprotectin, OR odds’ ratio; Referenesses: Sex, Male; Peak (dichotomous): below pg/mL. Only variables WitlP < 0.1in univariable analysis were included in the multivariable ana;
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Supplementary figure 1. Bland-Altman diagram showimg the mean difference (red line), 95 % interval oagreement (blue lines) and 95% confidence intervdbr the mean difference
(red dashed lines, red shaded area). The grey aregpresents a relative difference of 20%.
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Supplementary figure 2. Typical serum ustekinumab ancentrations (bold line) and representation of theumulative exposure calculation as area under theerum concentration

curve.
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Supplementary figure 3. Analysis of the proportionsof patients who achieved biochemical remission ateek 8, week
16 and week 24 for different terciles of ustekinumia concentrations at week 4 (A), week 8 (B), and curtative

exposure up to week 4 (AUg,, C) and up to week 8 (AUGg, D).
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Supplementary figure 4. Analysis of the proportionsof patients who achieved endoscopic remission ateek 24 for
different terciles of ustekinumab concentrations atweek 4 (A), week 8 (B), and cumulative exposure up week 4
(AUC.4 C) and up to week 8 (AUG.g, D).
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Supplementary figure 5. Analysis of the proportionsof patients who achieved biochemical remission ateek 8, week 16 and week 24 (A-C) for quartiles pkak ustekinumab
concentrations (A), ustekinumab concentrations at wek 2 (B) and cumulative exposure up to week 2 (AYG C); and the proportions of patients who achieve@ndoscopic remission
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at week 24 (D-F) for quartiles of peak ustekinumalzoncentrations (D), ustekinumab concentrations at eek 2 (E) and AUG. (F).
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Supplementary figure 6. Analysis of the proportionf patients who achieved biochemical remission ateek 8, week
16 and week 24 (A-D) for quartiles of ustekinumabancentrations at week 4 (A), week 8 (B), cumulativexposure up
to week 4 (AUG.4 C) and up to week 8 (AUG.g, D); and proportions of patients who achieved endszopic remission
at week 24 (E-H) for quartiles of ustekinumab conaatrations at week 4 (E) and week 8 (F), AUg, (G) and AUCg g

(H).



