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Abstract 52 

Background & Aims: Little is known about the relationship between ustekinumab exposure 53 

during the first 2 weeks of treatment and outcomes of patients with Crohn’s disease (CD). We 54 

investigated the relationship between serum concentrations of ustekinumab during the first 2 55 

weeks of treatment and endoscopic and biochemical remission in patients with CD. 56 

Methods: In a prospective observational study, we measured concentrations of ustekinumab 57 

in serum samples from 41 consecutive patients who started treatment with ustekinumab 58 

(approximately 6 mg/kg, intravenously, then 90 mg every 8 weeks), due to endoscopic 59 

markers of active CD, at a single center from October 2017 through January 2019. We 60 

measured ustekinumab exposure parameters during the first 2 weeks (peak concentration 61 

measured immediately after intravenous infusion, week 2 concentration, and area under the 62 

curve through week 2). We investigated the correlation between these parameters and 63 

endoscopic remission (simple endoscopic score for CD scores of 3 or less without ulceration, 64 

assessed centrally) and biochemical remission (level of fecal calprotectin below 100 mg/kg) 65 

using the Mann-Whitney U test. 66 

Results: Endoscopic remission was achieved in 10 patients (24.4%) at week 24; biochemical 67 

remission was achieved in 17 patients (41.5%) at week 8, 17 patients (41.5%) at week 16, and 68 

21 patients (51.2%) at week 24. Peak concentrations associated with endoscopic remission 69 

(area under the receiver operating characteristic curve, 0.717; 95% CI, 0.517–0.916); 6/13 70 

patients (46%) with peak concentrations above 105 µg/mL (upper tercile) achieved 71 

endoscopic remission, compared to only 1/14 patients (7%) with peak concentrations below 72 

88 µg/mL (lower tercile). All exposure parameters during the first 2 weeks were associated 73 

with biochemical remission. There was no significant difference between the associations of 74 

peak concentrations, week-2 concentrations, area under the curve through week 2, or later 75 

exposure measures (at weeks 4 and 8) with biochemical or endoscopic remission. 76 

Conclusions: In a prospective study, we found that serum concentrations of ustekinumab as 77 

early as 1 hour after intravenous infusion might be used to identify patients with CD most 78 

likely to achieve endoscopic remission. This early measurement might be used to optimize 79 

treatment of CD. 80 
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1 Introduction 85 

Crohn’s disease (CD) is a debilitating, incurable inflammatory disease. Treatment is focused on 86 

achieving clinical and endoscopic remission, with biomarker remission considered an adjunct target.1  87 

Ustekinumab is a fully human IgG1κ monoclonal antibody against the p40 subunit, which is 88 

shared by IL-12 and IL-23.2 Its efficacy in inducing and maintaining remission of moderate-to-severe 89 

CD has been proven in the UNITI program.3 Real-world studies of its effectiveness with intravenous 90 

induction followed by subcutaneous maintenance have reported clinical remission rates of up to 91 

50%,4,5 but much lower endoscopic remission rates (7.1–29.7%).6–8 92 

Recently, an association of ustekinumab concentrations at weeks 4 and later with treatment 93 

outcomes has been observed in trials and real-world cohorts.8–10 However, the exposure-response 94 

relationship at even earlier time points, during the first 2 weeks of treatment, is unclear. Since future 95 

optimization protocols (e.g., STARDUST – NCT03107793) include early shortening of the dosing 96 

interval to 4 weeks, the identification of patients needing this dosing regimen at an earlier time point 97 

than currently studied, i.e., during the first 2 weeks after starting treatment, rather than at weeks 4 or 98 

8, would be clinically informative. This approach would enable early proactive ustekinumab dose 99 

optimization for patients who are unlikely to achieve endoscopic remission with the current dosing 100 

regimen. It also remains unclear whether alternative measures of ustekinumab exposure would be 101 

more informative than concentrations alone. 102 

Our principal aim was thus to prospectively study the relationship of ustekinumab exposure 103 

parameters during the first 2 weeks with robust and objective subsequent outcomes: endoscopic and 104 

biochemical remission. Furthermore, we also aimed to compare the predictive values of different 105 

measures of very early exposure (peak concentrations, week 2 concentrations and area under the curve 106 

within the first two weeks [AUC0-2]), with those of ustekinumab exposure at later time points. 107 

2 Methods 108 

2.1  Patients and study design 109 

We performed a prospective observational study at a single tertiary referral center. The study design 110 

conforms to the 1975 Declaration of Helsinki and was approved by the National Committee of 111 

Medical Ethics (0120-013/2016-2; KME 18 January 2016). All patients provided written informed 112 

consent.  113 

All consecutive patients aged 18 years or older with CD who started treatment with ustekinumab 114 

between October 2017 and January 2019 were examined for eligibility, allowing a follow-up period of 115 

at least 24 weeks. The decision to commence treatment with ustekinumab was made by a 116 

multidisciplinary team based on clinical, endoscopic and biochemical evidence of disease activity, as 117 



well as the characteristics of individual patients. We included patients with endoscopically or 118 

radiologically proven active luminal disease within 3 months prior to starting ustekinumab. 119 

All patients received an intravenous ustekinumab induction dose of approximately 6 mg/kg (≤55 120 

kg: 260 mg; 55–85 kg: 390 mg; >85 kg: 520 mg) infused over one hour at week 0, followed by a 121 

subcutaneous injection of a fixed maintenance dose of 90 mg every 8 weeks. No dosing interval 122 

modification or intravenous reinduction was performed in patients with inadequate response. Serum 123 

samples were prospectively collected at week 0 (baseline), 1 hour after the intravenous infusion 124 

(hereafter referred to as peak), week 2, week 4 and week 8, and stored at -80 °C for subsequent 125 

measurement after the completion of the study. 126 

2.2  Outcomes 127 

The primary endpoint of this study was endoscopic remission, which was defined as a Simple 128 

Endoscopic Score for CD (SES-CD)11 ≤3 without mucosal ulceration. Colonoscopies were performed 129 

between weeks 24 and 26. The procedures were recorded, the recordings were anonymized and 130 

assessed centrally by an expert endoscopist (NSe) who was blinded to the patients’ conditions. 131 

The secondary endpoint was biochemical remission defined as a fecal calprotectin (FC) < 100 132 

mg/kg. It was assessed at weeks 8, 16 and 24. The cut-off was chosen based on test characteristics 133 

identified by meta-analyses,12 with a particular emphasis on studies using the same assay as our 134 

center.13 135 

2.3 Measurements 136 

2.3.1 Ustekinumab exposure 137 

Serum ustekinumab concentrations were measured with a validated enzyme-linked immunosorbent 138 

assay (ELISA, ImmunoGuide®, Tani Medikal, Turkey). The assay displayed adequate precision 139 

(coefficient of variation < 10%) and accuracy (bias < 10%), and the lower limit of quantification was 140 

0.4 µg/mL. The reliability of the assay was additionally confirmed with a comparison to a reference 141 

ELISA (apDia, Belgium, Supplementary figure 1), which was previously shown to be comparable to 142 

the assay developed at Janssen (Spring House, USA).14 Antibodies against ustekinumab were not 143 

determined, based on their reported low occurrence rate.9 144 

A noncompartmental pharmacokinetic analysis was performed to determine cumulative 145 

exposure to ustekinumab, which was reported as the area under the serum concentration-time curve 146 

(AUC). The AUC values from treatment initiation to week 2 (AUC0-2), week 4 (AUC0-4) and week 8 147 

(AUC0-8) were calculated using a linear-log trapezoidal method (linear in the ascending phase and 148 

logarithmic in the descending phase, Supplementary figure 2).  149 



2.3.2 Biomarkers 150 

Patients collected fecal samples from their first morning bowel movement at home (at baseline, week 151 

8, week 16, and week 24) and transported the cooled samples to the hospital within 24 hours. FC 152 

concentrations were measured using the Calprest ELISA assay (Eurospital, Triest, Italy) with a 153 

measurement range of 15.6–500 mg/kg.  154 

2.4 Statistical analysis 155 

Descriptive statistics are reported as percentages for nominal variables and as medians and 156 

interquartile ranges (IQR) for continuous variables. Ustekinumab exposure was compared between 157 

patients who achieved or did not achieve the outcome endpoint using the Mann-Whitney U test. 158 

Other variables were compared using the matched pair Wilcoxon signed rank test, χ2 McNemar test 159 

for dependent samples or Fisher’s exact test, as appropriate. A one-sided Cochran-Armitage trend test 160 

was used to evaluate the presence of a trend in the proportion of patients achieving the outcome across 161 

ustekinumab exposure terciles. Correlations were assessed by calculating the Pearson correlation 162 

coefficient. Univariable logistic and linear regression analyses were performed to identify 163 

independent predictors of outcomes and ustekinumab exposure, respectively. Additionally, the peak 164 

ustekinumab concentration and predictors with P < 0.1 in the univariable analysis were subjected to a 165 

multivariable regression analysis. Receiver operating characteristic (ROC) curves were constructed to 166 

assess the diagnostic performance of ustekinumab exposure. Youden’s J statistic was computed to 167 

identify threshold values.15 ROC curves were compared using DeLong’s method.16 Data outside the 168 

limits of quantification were substituted with limit values (ustekinumab: 0.4 µg/mL; FC: 15 and 500 169 

mg/kg). P <0.05 with no adjustment for multiple comparisons was considered significant. Statistical 170 

analyses were performed using SPSS, version 25 (IBM, Chicago, USA). R software, version 3.6.0 (R 171 

Development Core Team, Vienna, Austria) and the packages pROC and DescTools were used to 172 

compare ROC curves (DeLong test) and for the trend test (Cochran-Armitage test). 173 

3 Results 174 

3.1  Patient characteristics 175 

Fifty-four patients were examined for eligibility and 13 were excluded due to endoscopically inactive 176 

disease at baseline (10 patients started treatment with ustekinumab due to psoriasiform skin lesions, 177 

three due to frequent infections – all of whom were previously treated with anti-TNF agents), yielding 178 

a final cohort of 41 patients. The median disease duration was 16 years (IQR 7–26), and 61% had 179 

been exposed to biological therapy (58.5% to anti-TNF agents and 22.0% to vedolizumab (Table 1)).  180 



3.2 Patient outcomes: Endoscopic and biochemical remission 181 

None of the patients discontinued ustekinumab therapy prior to the endoscopic assessment. Ten 182 

patients (24.4%) achieved endoscopic remission between weeks 24 and 26, and 12.2% (5/41) had a 183 

score of ≤2. After stratification by prior exposure to biologicals, a nonsignificant trend of a higher rate 184 

of endoscopic remission was observed in biologically naïve patients (6/16 vs. 4/25; P = 0.202). 185 

At baseline, 24.4% (10/41) of patients had FC below 100 mg/kg. Median FC decreased from 186 

baseline (160 [IQR 93–265]) to week 8 (122 [IQR 38–212]; P = 0.029) and further decreased at week 187 

16 (105 [IQR 45–248]; P = 0.041 compared to baseline) and week 24 (82 [IQR 45–202]; P = 0.022 188 

compared to baseline).  189 

At week 8, 41.5% (17/41) of patients achieved biochemical remission (P = 0.039 compared to 190 

the baseline), 41.5% (17/41) of patients achieved remission at week 16 (P = 0.039 compared to the 191 

baseline) and 51.2% (21/41) of patients achieved remission at week 24 (P = 0.017 compared to 192 

baseline).  193 

A positive correlation was observed between SES-CD at week 24 and FC at all time points 194 

(Supplementary table 1). At week 24, 80% (8/10) of patients in endoscopic remission were also in 195 

biochemical remission, while 45.2% (14/31) of patients who did not achieve endoscopic remission 196 

were in biochemical remission. FC below 100 mg/kg at week 24 predicted endoscopic remission with 197 

a sensitivity, specificity, positive predictive value and negative predictive value of 80, 56, 38 and 198 

89%, respectively. FC below 50 mg/kg at week 24 predicted endoscopic remission with a sensitivity, 199 

specificity, positive predictive value and negative predictive value of 40, 79, 40 and 79%, 200 

respectively. 201 

3.3 Ustekinumab concentrations and cumulative exposure (AUC) 202 

One hundred fifty-nine serum samples were prospectively collected to measure ustekinumab 203 

concentrations. Four samples at week 2 and one sample at week 4 were missing. The median 204 

ustekinumab concentrations were 98.3 μg/mL [IQR 83.7–114.2], 27.4 μg/mL [IQR 22.6–32.2], 15.6 205 

μg/mL [IQR 10.3–20.4] and 4.44 μg/mL [IQR 2.78–7.70] at the peak, week 2, week 4 and week 8, 206 

respectively. One measurement was below the limit of quantification (week 8).  207 

The median AUC0-2 was 781 μg*day/mL [IQR 646–896], median AUC0-4 was 1063 208 

μg*day/mL [IQR 884–1285] and median AUC0-8 was 1203 μg*day/mL [IQR 953–1455]. Higher 209 

ustekinumab exposure was associated with a higher baseline albumin, lower baseline C-reactive 210 

protein (CRP), lower baseline FC and the absence of previous biological therapy (Supplementary 211 

tables 2 and 3). 212 



3.4 Exposure-response relationship 213 

The three measures of very early ustekinumab exposure were associated with endoscopic remission 214 

and biochemical remission at the studied time points (Table 2 and Supplementary table 4). More 215 

specifically, peak concentrations predicted both endoscopic and biochemical remission at 24 weeks. 216 

Furthermore, peak concentrations were clinically informative, as only 7% (1/14) of patients with a 217 

peak concentration below 88 µg/mL achieved endoscopic remission, compared to 46% (6/13) of 218 

patients with a concentration above 105 µg/mL (Figure 1, P = 0.010). Importantly, peak 219 

concentrations predicted outcomes independently of the ustekinumab dose per kilogram (AUROC for 220 

dose per kilogram 0.471–0.573; P = 0.495–0.937; data not shown). The more stringent endpoint of 221 

complete mucosal healing (SES-CD 0) yielded similar results (Supplementary table 5). Multivariable 222 

logistic regression confirmed the independent predictive value of peak ustekinumab concentrations for 223 

endoscopic remission (Supplementary tables 6–8). 224 

Week 2 concentrations and AUC0-2 predicted all biochemical outcomes at the studied time 225 

points (Table 2), and the tercile analysis confirmed a higher proportion of patients who achieved 226 

remission with higher exposure (Figure 2). Additionally, a nonsignificant trend of higher endoscopic 227 

remission was observed in patients with a higher week 2 concentration (Figure 1, P = 0.132) and 228 

AUC0-2 (P = 0.052). Although a high negative predictive value for biochemical remission was 229 

observed for all three measures of very early exposure (Table 2), AUC0-2 was the best predictor of 230 

biochemical remission at the end of the study. Namely, all 10 patients with AUC0-2 > 860 µg*day/mL 231 

were in biochemical remission at end of the study at 24 weeks. Quartile analysis confirmed the 232 

findings of tercile analysis (Supplementary figures 5 and 6). Apart from ustekinumab exposure, 233 

baseline albumin, CRP and FC were additional factors associated with biochemical remission in 234 

univariable regression (Supplementary tables 6–8). 235 

Based on the comparison of ROC curves, measures of exposure at later time points (week 4 and 236 

8 concentrations, AUC0-4 and AUC0-8) did not increase the predictive values for the studied outcomes 237 

compared to the three measures of very early ustekinumab exposure (peak, week 2 concentration and 238 

AUC0-2, data not shown). 239 

4 Discussion 240 

This study is the first with a prospective real-world design to explore the correlation between very 241 

early ustekinumab exposure (within 2 weeks of starting treatment) and endoscopic and biochemical 242 

outcomes. We confirmed the predictive value of week 4 and 8 drug concentrations identified in 243 

previous studies8–10 for biochemical and endoscopic remission after 6 months of treatment. 244 

Additionally, our study is the first to show that very early ustekinumab concentrations, measured 245 

within two weeks of treatment, have similar predictive values as concentrations measured at week 4 246 

or later. The most striking observation was that the peak concentration, measured immediately after 247 



the intravenous infusion of ustekinumab, exhibited a similar performance to concentrations measured 248 

at the later time points identified. Based on our findings, therapeutic drug monitoring during the first 249 

two weeks of initiation of ustekinumab might help stratify patients according to the probability of 250 

achieving important treatment outcomes with the currently approved dosing regimen.  251 

The high negative predictive value of peak ustekinumab concentrations, measured 252 

immediately after the intravenous infusion, enables the accurate and timely identification of patients 253 

who are unlikely to achieve endoscopic remission at 6 months. This finding might help guide 254 

ustekinumab treatment optimization – either through the earlier administration of the first 255 

subcutaneous dose or using maintenance dosing every 4 weeks. The latter strategy is being 256 

increasingly reported in real-world studies,5,6 although data from a prospective trial supporting this 257 

approach are still awaited (STARDUST NCT03107793).  258 

Our study expands on previous studies reporting an exposure-response relationship8–10 by 259 

focusing on even earlier time points, i.e., before week 4. This very early time window has not yet been 260 

studied in a real-world cohort. Adedokun et al.9 analyzed the data from the UNITI trials, where peak 261 

concentrations were measured after the intravenous infusion, but a detailed analysis of an exposure-262 

response relationship was not provided for these very early measurements. Although minor 263 

discrepancies in outcome definitions preclude a direct comparison, the predictive value of 264 

ustekinumab concentrations measured up to week 2 was at least as good, if not better, than that of 265 

concentrations measured at weeks 4 and 8 in two previous studies.8,10 The identified cut-off values at 266 

later time points in our study were in the range of those identified in previous studies, which further 267 

supports the validity of our results.  268 

 Our study revealed a strong relationship between patient outcomes and peak ustekinumab 269 

concentrations, which depends on the ustekinumab volume of distribution. Patients with active 270 

disease have higher serum concentrations of the proinflammatory cytokines IL-12 and IL-23.17 A 271 

higher target concentration might lead to increased binding of ustekinumab to these cytokines, which 272 

would result in a higher apparent volume of distribution and consequently a lower peak concentration. 273 

Thus, the peak ustekinumab concentration could be used to stratify patients according to disease 274 

activity. Consistent with our findings, a recent study of rituximab in diffuse large B-cell lymphoma 275 

identified a positive association between the rituximab volume of distribution and baseline total 276 

metabolic tumor volume: the higher the tumor burden, the higher the volume of distribution and the 277 

lower the exposure.18 . 278 

Researchers have not clearly determined the best parameter to predict the initial response to 279 

biologics: peak drug concentration, trough concentration or cumulative exposure.19  In our study, the 280 

differences in the predictive value between these three measures were minor and the correlations 281 

between them were very strong. We therefore recommend measuring peak ustekinumab 282 

concentrations immediately after the intravenous infusion: a single measurement that provides as 283 

much information as multiple serial measurements and enables very early therapeutic intervention.  284 



In contrast to previous studies, which reported endoscopic remission rates ranging from 7.1% 285 

to 10.9%,8,20 we observed a higher endoscopic remission rate of 24.4% with a more liberal definition 286 

of SES-CD ≤3 without mucosal ulceration. In our study, 12.2% of patients had a SES-CD score ≤2. . 287 

Compared to other studies of ustekinumab we observed a higher endoscopic remission rate, which 288 

might be associated with the higher proportion of bio-naïve patients.  289 

The progressive decrease in median FC in our cohort suggested an improvement in disease 290 

control. Despite using a stringent threshold to define biochemical remission, approximately half of the 291 

patients without endoscopic remission achieved biochemical remission and the test characteristics of 292 

FC cut-off values were poorer than those reported in meta-analyses.12,21 The accuracy of FC to predict 293 

endoscopic remission strongly depends on the context, with important differences observed between 294 

different disease locations in patients with CD. Low levels of FC have been reported, despite the 295 

presence of endoscopically active isolated ileal disease,22 which was present in approximately one-296 

third of patients in our cohort and may at least partially explain the observed divergence between 297 

biochemical and endoscopic remission. 298 

 The strength of our study was its prospective design with objective and robust endpoints. We 299 

acknowledge that the relatively small sample size and the single center design were limitations. Given 300 

the rare occurrence of antibodies, they were not measured.3 Moreover, despite the lower percentage of 301 

patients who were previously exposed to biologicals than in other studies, our findings cannot be 302 

readily extrapolated to bio-naïve patients. The lower baseline FC may partially be explained by 303 

interassay differences,23 as the assays used in other studies reported consistently higher values than 304 

our assay, as well as a higher proportion of patients with ileal disease. Finally, we are unable to 305 

exclude the possibility that our cohort was different from previously studied cohorts, although all our 306 

patients had confirmed endoscopically active disease. Unfortunately, the baseline endoscopy 307 

performed in our study was not externally read, and we were therefore unable to provide a baseline 308 

SES-CD to facilitate comparisons with previous studies. 309 

In conclusion, this prospective real-world study is the first to report an exposure-response 310 

relationship between ustekinumab concentrations measured during the first two weeks of treatment 311 

and robust endpoints of endoscopic remission and FC normalization at 6 months. These findings 312 

provide a unique opportunity for very early proactive treatment optimization, supported by therapeutic 313 

drug monitoring. 314 
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Table 2. Analysis of the receiver operating characteristic (ROC) curves for ustekinumab exposure parameters (serum ustekinumab concentrations at peak, week 2, week 4, week 8 and the 
cumulative exposure parameters AUC0-2, AUC0-4, and AUC0-8), biochemical remission (a fecal calprotectin < 100 mg/kg at week 8, week 16, and week 24) and endoscopic remission (Simple 

Endoscopic Score for Crohn’s disease  ≤ 3 without ulceration). 

 
Median exposure parameter (IQR) 

P-value AUROC 95% CI 
Optimal 
cut-off 

Sensitivity, 
% 

Specificity, 
% 

PPV, 
% 

NPV, 
% 

Responders Non-responders 

Biochemical remission at week 8           

Peak (µg/mL) 107.3 (95.7, 123.3) 88.3 (79.3, 103.5) 0.004 0.768 0.612-0.923 96.0 82 71 70 83 

Ustekinumab w2 (µg/mL) 30.9 (26.1, 35.9) 24.1 (21.4, 29.3) 0.004 0.778 0.617-0.938 24.7 88 67 71 86 

Ustekinumab w4 (µg/mL) 20.4 (15.8, 23.6) 11.7 (7.7, 16.3) < 0.001 0.840 0.709-0.972 15.0 88 76 75 89 

Ustekinumab w8 (µg/mL) 7.4 (4.4, 11.0) 3.3 (2.5, 5.9) 0.001 0.815 0.679-0.952 6.85 65 86 79 75 

AUC0-2 (µg*day/mL) 868 (642, 1093) 643 (503, 784) 0.002 0.804 0.657-0.951 714 88 67 71 86 

AUC0-4 (µg*day/mL) 1230 (1073, 1405) 893 (833, 1077) 0.001 0.804 0.660-0.947 1063 82 76 74 84 

AUC0-8 (µg*day/mL) 1450 (1208, 1596) 1008 (903, 1242) < 0.001 0.824 0.688-0.959 1091 88 71 71 88 

Biochemical remission at week 16           

Ustekinumab w2 (µg/mL) 31.1 (25.6, 35.9) 24.3 (20.4, 28.7) 0.007 0.761 0.602-0.921 24.7 82 61 67 79 

Ustekinumab w4 (µg/mL) 20.3 (15.6, 23.7) 11.7 (7.9, 17.3) 0.002 0.787 0.643-0.932 15.0 82 67 67 82 

Ustekinumab w8 (µg/mL) 7.2 (4.6, 11.3) 3.3 (2.3, 6.2) 0.003 0.782 0.635-0.928 4.37 82 67 67 82 

AUC0-2 (µg*day/mL) 844 (762, 987) 667 (637, 785) 0.013 0.745 0.572-0.918 747 82 72 74 81 

AUC0-4 (µg*day/mL) 1202 (1036, 1405) 909 (836, 1099) 0.006 0.756 0.596-0.916 989 82 67 67 82 

AUC0-8 (µg*day/mL) 1410 (1147, 1596) 1008 (908, 1242) 0.003 0.779 0.627-0.931 1085 88 67 68 88 

Biochemical remission at week 24           

Peak (µg/mL) 108.8 (94.1, 123.4) 85.5 (77.6, 100.3) 0.003 0.783 0.632-0.934 104 62 94 93 65 

Ustekinumab w2 (µg/mL) 30.5 (25.2, 35.6) 23.2 (19.0, 25.9) 0.003 0.800 0.647-0.953 27.2 70 85 88 65 

Ustekinumab w4 (µg/mL) 19.4 (13.9, 22.7) 11.6 (8.4, 14.9) 0.002 0.803 0.660-0.946 15.0 71 80 83 67 

Ustekinumab w8 (µg/mL) 7.1 (4.0, 10.7) 3.3 (2.2, 5.0) 0.018 0.729 0.566-0.892 6.85 52 94 92 60 

AUC0-2 (µg*day/mL) 856 (758, 983) 643 (606, 745) 0.001 0.835 0.694-0.975 714 85 77 85 77 

AUC0-4 (µg*day/mL) 1216 (1023, 1383) 884 (827, 1013) 0.002 0.794 0.643-0.945 924 86 67 78 77 

AUC0-8 (µg*day/mL) 1401 (1119, 1576) 975 (907, 1108) 0.001 0.818 0.679-0.958 1085 81 75 81 75 

Endoscopic remission at week 24           

Peak (µg/mL) 113.6 (96.3, 130.0) 89.9 (81.9, 106.6) 0.043 0.717 0.517-0.916 111 60 83 55 86 
IQR, interquartile range; AUROC, area under the ROC curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the ustekinumab serum concentration-time curve; w2, week 2; w4, 

week 4; w8, week 8 

 



Table 1. Patients’ characteristics at baseline (n = 41). Abbreviations: CD – Crohn’s disease; IQR – 
interquartile range; TNF – tumor necrosis factor; UST – ustekinumab 
Women, n (%) 21 (51) 
Age at UST initiation, years, median (IQR) 48 (31–55) 
Weight, kg, median (IQR) 70 (59–83) 
Height, cm, median (IQR) 170 (163–180) 
Intravenous ustekinumab dose, n (%) 

260 mg 
390 mg 
520 mg 

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

Disease duration, years, median (IQR) 16 (7–26) 
Disease location, n (%) 

ileal (L1) 
colonic (L2) 
ileocolonic (L3) 
upper gastrointestinal involvement (L4) 

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

Fistulizing perianal disease, n (%) 6 (14.6) 
History of CD-related surgery, n (%) 26 (63.4) 
Smoking status, n (%) 

active smoking 
previously smoking 
never smoked 

 
5 (12.2) 
9 (22.0) 
27 (65.9) 

Previous biological therapy, n (%) 
previous anti-TNF exposure 
previous vedolizumab exposure 
previous anti-TNF and vedolizumab 
exposure 

25 (61) 
24 (58.5) 
9 (22.0) 
8 (19.5) 

Systemic steroids at baseline, n (%) 6 (14.6) 
Topical steroids at baseline, n (%) 2 (4.9) 
Immunomodulators at baseline, n (%) 

azathioprine 
methotrexate 

4 (9.7) 
3 (7.3) 
1 (2.4) 

Harvey-Bradshaw score, median (IQR) 7 (4–10) 
Fecal calprotectin, mg/kg, median (IQR) 160 (91–279) 
C-reactive protein, mg/L, median (IQR) 3 (3–13) 
Albumin, g/L, median (IQR) 43 (41–44) 
 







Supplementary table 1. Correlations between ustekinumab exposure measures and outcomes, presented as Pearson’s correlation coefficients. 

 
Peak 

ustekinumab 
Ustekinumab 

w2 
Ustekinumab 

w4 
Ustekinumab 

w8 
AUC0-2 AUC0-4 AUC0-8 FC week 8 FC week 16 FC week 24 

Ustekinumab w2 0.627***          

Ustekinumab w4 0.462** 0.754***         

Ustekinumab w8 0.370* 0.611*** 0.931***        

AUC0-2 0.911*** 0.892*** 0.704*** 0.547***       

AUC0-4 0.786*** 0.937*** 0.824*** 0.700*** 0.980***      

AUC0-8 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** -0.507** -0.401* -0.439** 0.709**   

FC week 24 -0.328* -0.520** -0.509** -0.461** -0.474** -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; SES-CD, Simple Endoscopic Score for Crohn’s disease; AUC, area under the ustekinumab serum concentration-time curve; w2, week 2; w4, week 4; w8, week 8; *P < 0.05; **P < 0.01; ***P < 0.001 

 

  



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

 Peak (µg/mL) Ustekinumab w2 (µg/mL) Ustekinumab w4 (µg/mL) Ustekinumab w8 (µg/mL) AUC0-2 (µg*day/mL) AUC0-4 (µg*day/mL) AUC0-8 (µg*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 1.20 (0.41) 0.006 1.06 (0.29) 0.001 0.56 (0.17) 0.002 25.34 (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 -4.07 (1.79) 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 -0.31 (0.19) 0.108 -0.58 (0.25) 0.027 -0.77 (0.29) 0.014 

No previous biological therapy 13.42 (5.96) 0.030 8.22 (2.16) 0.001 5.12 (1.96) 0.013 3.45 (1.07) 0.002 156.74 (48.92) 0.003 208.97 (73.61) 0.007 274.87 (87.95) 0.003 

Body weight (kg) 0.34 (0.17) 0.056 0.004 (0.078) 0.960 -0.0002 (0.06) 0.997 0.02 (0.03) 0.481 1.87 (1.66) 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 93.06 (78.05) 0.241 110.20 (94.34) 0.250 

Disease duration at baseline 
(years) 

0.18 (0.29) 0.525 -0.15 (0.11) 0.191 -0.06 (0.09) 0.517 -0.01 (0.05) 0.802 -1.15 (2.51) 0.65 -2.03 (3.62) 0.578 -1.94 (4.33) 0.656 

SE, standard error; FC, fecal calprotectin; AUC, area under the ustekinumab serum concentration-time curve; w2, week 2; w4, week 4; w8, week 8; Reference class: Sex, Male 

 

Supplementary table 3. Multivariable linear regression analysis of predictors of ustekinumab exposure. 

 Peak (µg/mL) Ustekinumab w2 (µg/mL) Ustekinumab w4 (µg/mL) Ustekinumab w8 (µg/mL) AUC0-2 (µg*day/mL) AUC0-4 (µg*day/mL) AUC0-8 (µg*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 0.77 (0.38) 0.052 0.59 (0.31) 0.064 0.29 (0.17) 0.097 16.73 (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 -2.33 (1.65) 0.167 -2.86 (2.65) 0.290 -3.60 (3.02) 0.242 

Baseline FC (mg/kg) / / / / -0.01 (0.01) 0.105 -0.005 (0.003) 0.178 / / -0.38 (0.26) 0.145 -0.51 (0.28) 0.079 

No previous biological therapy 9.83 (6.08) 0.115 6.70 (2.04) 0.002 3.50 (1.90) 0.075 2.61 (1.04) 0.017 123.81 (46.83) 0.012 172.10 (73.74) 0.026 219.94 (83.84) 0.013 

Body weight (kg) 0.21 (0.18) 0.246 / / / / / / / / / / / / 
SE, standard error; FC, fecal calprotectin; AUC, area under the ustekinumab serum concentration-time curve; w2, week 2; w4, week 4; w8, week 8; Reference class: Sex, Male. Only variables with P < 0.1 in the univariable analysis were included in the multivariable analysis. 

 

 

  



Supplementary table 4. Analysis of the receiver operating characteristic (ROC) curves for ustekinumab concentration at peak, week 2, week 4, and week 8, cumulative ustekinumab 
exposure up to week 2, week 4 and week 8 (AUC0-2, AUC0-4, and AUC0-8) and biochemical responses at week 8, week 16 and week 24 (fecal calprotectin < 100 mg/kg). 

 
Median exposure parameter (IQR) 

P-value AUROC 95% CI 
Optimal 
cut-off 

Sensitivity, 
% 

Specificity, 
% 

PPV, 
% 

NPV, 
% 

Responders Non-responders 

Biochemical remission at week 16           

Peak (µg/mL) 108.8 (88.7, 119.9) 91.2 (81.9, 103.1) 0.095 0.661 0.475-0.847 107 53 91 82 70 

Endoscopic remission at week 24           

Ustekinumab w2 (µg/mL) 30.7 (24.8 – 35.9) 25.7 (22.6, 31.3) 0.256 0.627 0.408-0.846 27.2 80 58 42 88 

Ustekinumab w4 (µg/mL) 18.4 (13.7, 25.0) 15.0 (9.5, 20.3) 0.064 0.700 0.510-0.890 23.7 40 97 80 82 

Ustekinumab w8 (µg/mL) 5.7 (2.8, 12.8) 4.5 (3.2, 7.5) 0.221 0.633 0.413-0.854 11.1 40 97 80 83 

AUC0-2 (µg*day/mL) 886 (747, 1003) 736 (643, 855) 0.089 0.673 0.459-0.887 776 80 62 44 89 

AUC0-4 (µg*day/mL) 1249 (1019, 1402) 1013 (872, 1213) 0.128 0.666 0.452-0.879 1073 80 62 42 90 

AUC0-8 (µg*day/mL) 1421 (1137, 1611) 1114 (966, 1391) 0.117 0.683 0.477-0.890 1208 80 60 40 90 
IQR, interquartile range; AUROC, area under the ROC curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the ustekinumab serum concentration-time curve; w2, week 2; w4, 

week 4; w8, week 8 

 

  



Supplementary table 5. Analysis of the receiver operating characteristic (ROC) curves for ustekinumab concentrations at peak, week 2, week 4, and week 8, cumulative ustekinumab 
exposure up to week 2, week 4 and week 8 (AUC0-2, AUC0-4, and AUC0-8) and complete mucosal healing (Simple Endoscopic Score for Crohn’s disease of 0). 

 
Median exposure parameter (IQR) 

P-value AUROC 95% CI 
Optimal 
cut-off 

Sensitivity, 
% 

Specificity, 
% 

PPV, 
% 

NPV, 
% Responders 

(n = 2) 
Non-responders (n = 39) 

Endoscopic remission at week 24           

Peak (µg/mL) 120.8 (/) 96.1 (83.1, 110.2) 0.126 0.842 0.690–0.994 110.7 100 76 17 100 

Ustekinumab w2 (µg/mL) 32.0 (/) 27.4 (22.5, 32.2) 0.384 0.706 0.395-1.000 35.9 50 85 17 96 

Ustekinumab w4 (µg/mL) 24.8 (/) 15.2 (9.9, 20.0) 0.024 0.946 0.869-1.000 23.7 100 91 33 100 

Ustekinumab w8 (µg/mL) 12.1 (/) 4.4 (2.9, 7.5) 0.032 0.932 0.852-1.000 11.1 100 91 40 100 

AUC0-2 (µg*day/mL) 910 (/) 742 (635, 869) 0.219 0.784 0.564-1.000 792 100 65 13 100 

AUC0-4 (µg*day/mL) 1313 (/) 1060 (838, 1276) 0.185 0.803 0.576-1.000 1144 100 66 13 100 

AUC0-8 (µg*day/mL) 1546 (/) 1170 (944, 1452) 0.144 0.829 0.606-1.000 1376 100 68 14 100 
IQR, interquartile range; AUROC, area under the ROC curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the ustekinumab serum concentration-time curve; w2, week 2; w4, 

week 4; w8, week 8 

 

  



 

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

 Endoscopic remission at week 24 Biochemical remission at week 8 Biochemical remission at week 16 Biochemical remission at 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 0.034 1.235 0.107 1.443 0.026 

Baseline CRP (mg/L) 0.908 0.215 0.859 0.036 0.931 0.100 0.929 0.064 

Baseline FC (mg/kg) 0.993 0.088 0.975 0.007 0.986 0.014 0.992 0.023 

No previous biological therapy 3.00 0.144 3.571 0.065 3.572 0.065 4.768 0.044 

Body weight (kg) 1.013 0.537 1.016 0.413 1.006 0.759 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 1.002 0.952 1.025 0.437 1.044 0.177 

Peak (µg/mL) 1.043 0.046 1.055 0.012 1.034 0.092 1.064 0.008 

Ustekinumab w2 (µg/mL) 1.034 0.503 1.178 0.013 1.166 0.016 1.221 0.011 

Ustekinumab w4 (µg/mL) 1.142 0.049 1.292 0.002 1.221 0.005 1.221 0.008 

Ustekinumab w8 (µg/mL) 1.198 0.072 1.462 0.004 1.388 0.007 1.390 0.017 

AUC0-2 (µg*day/mL) 1.004 0.140 1.008 0.007 1.006 0.023 1.010 0.007 

AUC0-4 (µg*day/mL) 1.002 0.118 1.005 0.003 1.004 0.011 1.005 0.010 

AUC0-8 (µg*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 0.016 13.64 0.020 
FC, fecal calprotectin; AUC, area under the ustekinumab serum concentration-time curve; w2, week 2; w4, week 4; w8, week 8; OR odds’ ratio; Reference classes: Sex, Male; Peak (dichotomous): below 111 µg/mL 

 

  



Supplementary table 7. Multivariable logistic regression of predictors of treatment outcomes. Ustekinumab peak concentration is considered a dichotomous categoric variable – 
reference class below 111 µg/mL. 

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

 OR P-value OR P-value OR P-value OR P-value 

Baseline serum albumin (g/L) / / 1.057 0.857 / / 1.577 0.073 

Baseline CRP (mg/L) / / 0.774 0.347 / / 0.961 0.504 

Baseline FC (mg/kg) 0.995 0.147 0.968 0.062 0.980 0.027 0.997 0.499 

No previous biological therapy / / 5.867 0.246 7.192 0.141 4.132 0.235 

Sex / / / / / / 6.073 0.124 

Peak (dichotomous) 7.966 0.031 1.847 0.796 118.1 0.100 12.55 0.091 
CRP, C-reactive protein; FC, fecal calprotectin; OR odds’ ratio; Reference classes: Sex, Male; Peak (dichotomous): below 111 µg/mL. Only variables with P < 0.1 in univariable analysis were included in the multivariable analysis. 

 

  



Supplementary table 8. Multivariable logistic regression of predictors of treatment outcomes. Ustekinumab peak concentration is considered a continuous variable. 

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

 OR P-value OR P-value OR P-value OR P-value 

Baseline serum albumin (g/L) / / 1.225 0.509 / / 1.412 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 0.022 0.997 0.561 

No previous biological therapy / / 5.165 0.260 4.108 0.169 2.529 0.389 

Sex / / / / / / 4.660 0.183 

Peak (µg/mL) 1.040 0.101 1.055 0.210 1.008 0.798 1.038 0.170 
CRP, C-reactive protein; FC, fecal calprotectin; OR odds’ ratio; Reference classes: Sex, Male; Peak (dichotomous): below 111 µg/mL. Only variables with P < 0.1 in univariable analysis were included in the multivariable analysis. 

 

  



 

 

Supplementary figure 1. Bland-Altman diagram showing the mean difference (red line), 95 % interval of agreement (blue lines) and 95% confidence interval for the mean difference 
(red dashed lines, red shaded area). The grey area represents a relative difference of 20%. 



 

Supplementary figure 2. Typical serum ustekinumab concentrations (bold line) and representation of the cumulative exposure calculation as area under the serum concentration 
curve.  

 



 

 

 

Supplementary figure 3. Analysis of the proportions of patients who achieved biochemical remission at week 8, week 
16 and week 24 for different terciles of ustekinumab concentrations at week 4 (A), week 8 (B), and cumulative 
exposure up to week 4 (AUC0-4, C) and up to week 8 (AUC0-8, D). 

 

  



 

 

Supplementary figure 4. Analysis of the proportions of patients who achieved endoscopic remission at week 24 for 
different terciles of ustekinumab concentrations at week 4 (A), week 8 (B), and cumulative exposure up to week 4 
(AUC0-4, C) and up to week 8 (AUC0-8, D). 

  



 

 

Supplementary figure 5. Analysis of the proportions of patients who achieved biochemical remission at week 8, week 16 and week 24 (A-C) for quartiles of peak ustekinumab 
concentrations (A), ustekinumab concentrations at week 2 (B) and cumulative exposure up to week 2 (AUC0-2, C); and the proportions of patients who achieved endoscopic remission 

at week 24 (D-F) for quartiles of peak ustekinumab concentrations (D), ustekinumab concentrations at week 2 (E) and AUC0-2 (F).



 

 

 

Supplementary figure 6. Analysis of the proportions of patients who achieved biochemical remission at week 8, week 
16 and week 24 (A-D) for quartiles of ustekinumab concentrations at week 4 (A), week 8 (B), cumulative exposure up 
to week 4 (AUC0-4, C) and up to week 8 (AUC0-8, D); and proportions of patients who achieved endoscopic remission 
at week 24 (E-H) for quartiles of ustekinumab concentrations at week 4 (E) and week 8 (F), AUC0-4 (G) and AUC0-8 

(H). 


