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Abstract: Monitoring of anti-drug antibodies in patients on ustekinumab is not routinely recom-
mended in patients with inflammatory bowel disease (IBD) due to low rates of immunogenicity. Aim
of study: The purpose of this study was to investigate the relationship between anti-drug antibodies
detected by a drug-tolerant assay and loss of response (LOR) to therapy in a cohort of patients with
IBD being treated with ustekinumab. Patients and Methods: This retrospective study consecutively
enrolled all adult patients with moderate to severe active IBD who had at least 2 years of follow-up
after ustekinumab was initiated. LOR was defined as CDAI > 220 or HBI > 4 for Crohn’s disease
(CD) and partial Mayo subscore > 3 for ulcerative colitis (UC) and with a modification in disease
management. Results: Ninety patients were included (78 CD and 12 UC; mean age 37 years). Median
levels of anti-ustekinumab antibodies (ATU) were significantly higher in patients with LOR compared
to those with ongoing clinical response (15.2 µg/mL-eq CI (7.9–21.5) and 4.7 µg/mL-eq CI (2.1–10.5),
respectively; p = 0.04). The area under the ROC curve (AUROC) for ATU in predicting LOR was 0.76.
The optimal cut-off point for identifying patients with LOR was 9.5 µg/mL-eq with a sensitivity of
80% and specificity of 85%. Uni- and multivariate analyses showed that serum ATU ≥ 9.5 µg/mL-eq
(hazard ratio (HR) 2.54, 95%CI (1.80–5.93)), p = 0.022, prior vedolizumab (HR 2.78, 95%CI (1.09–3.34),
p = 0.019) and prior azathioprine (HR 0.54, 95%CI (0.20–0.76), p = 0.014) exposures were the only
factors independently associated with LOR to UST. Conclusion: In our real-life cohort, ATU was
identified as an independent predictor of LOR to ustekinumab in patients with IBD.

Keywords: ustekinumab; immunogenicity; Crohn’s disease; drug-tolerant assay

1. Introduction

The current therapeutic landscape for moderate to severe inflammatory bowel disease
(IBD) is rapidly evolving. There are novel biologics now available, such as vedolizumab
and ustekinumab. Despite the expanding therapeutic armamentarium for patients with
IBD, anti-tumor necrosis factor (TNF) therapies remain widely utilized in routine practice.
In some countries, anti-TNF use is mandatory as a first line therapy in specific situations
based on reimbursement policies. However, not all patients respond to induction therapy
with anti-TNF and 20% to 40% of patients who initially respond may lose response over
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time. The formation of anti-drug antibodies is one of the leading contributors to loss of
response (LOR) for anti-TNF therapy; although, immunogenicity can also occur with the
more novel biologics [1,2]. Ustekinumab (UST), a fully human immunoglobulin IgG1k
monoclonal antibody directed against the common p40 subunit of IL-12 and IL-23, has
proven to be effective and safe for the treatment of Crohn’s disease (CD) and ulcerative
colitis (UC) [3–5]. In addition, the relationship between UST exposure and CD outcomes
has been investigated in a post hoc analysis of the pivotal UNITI trials [6]. Similar to
anti-TNF, serum concentrations of UST are associated with efficacy outcomes during both
induction and the maintenance therapy. CD patients with serum UST concentrations in
the higher quartiles were more likely to achieve a clinical and endoscopic remission dur-
ing maintenance therapy. More recently, a prospective observational study reported that
early UST concentrations (as early as one hour after iv drug administration) may help
physicians to identify CD patients most likely to respond to therapy and those requiring
dose-intensification [7]. In UC, an exposure–response relationship with UST concentrations
has also been reported [8]. In the pivotal phase 3 trials of both CD and UC, immunogenicity
of UST, assessed by a drug-tolerant assay, was low (<5%). Furthermore, most of the antibod-
ies to UST (ATU) were transient and non-neutralizing [8]. Currently, the routine monitoring
of ATU is not performed and may not be clinically relevant. However, patients with ATU
may have lower median serum UST concentration compared with those without ATU
resulting in lower clinical response [8]. Nevertheless, data on ATU and their relationship to
disease outcomes in IBD are still scarce. We aimed to investigate the relationship between
ATU detected by a drug-tolerant assay and LOR in a cohort of patients with IBD treated
with UST.

2. Patients and Methods
2.1. Study Design, Disease Outcomes and Patient Characteristics

This was a retrospective study from two French tertiary referral IBD centers. The study
included adult patients diagnosed with moderate to severe IBD based on standard clinical,
endoscopic, histopathological and radiological criteria. All eligible patients received a
single iv induction with ~6 mg/kg UST (260 mg for body weight ≤ 55 kg, 390 mg for body
weight 55–85 kg, 520 mg for body weight > 85 kg) followed by 90 mg sc injections every
8 weeks. Eligible patients must be followed for at least 2 years in case of sustained clinical
response under UST. Enrolled patients had at least one serum UST concentration and ATU.
Patients with primary non-response to UST (defined by a lack of clinical response both at
week 8 and 16) or patients who experienced a serious adverse event requiring withdrawal
of therapy were excluded from the study. Patients were also excluded if they were less than
18 years old, received another induction and maintenance UST regimens, had an ostomy,
exclusive perineal CD, restorative proctocolectomy with ileal pouch-anal anastomosis or
had a positive rheumatoid factor. The latter were excluded to avoid any interference with
the detection of ATU.

Loss of clinical response was defined as CDAI > 220 or HBI > 4 for CD and partial
Mayo subscore > 3 for UC associated with the decision to modify disease management
or treatment (dose intensification, add on steroids, swap into another treatment, IBD-
related hospitalization or surgery) [9]. The study was performed in accordance with the
Declaration of Helsinki, Good Clinical Practice and applicable regulatory requirements.
Written informed consent was obtained from all patients participating in the study. All
patients have given written consent also to the Biobank of St-Etienne. The study was
approved by the French ethical committee, so-called Comité de Protection des Personnes
(Number: 1849323).

2.2. Therapeutic Drug Monitoring

Ustekinumab samples were obtained at the end of follow-up (generally 2 years after
starting ustekinumab) in patients without LOR or at the time of LOR. UST drug concen-
trations were measured using Theradiag iTrack10 (France). ATU were measured using
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a drug-tolerant immunoassay (all samples analyzed at St-Etienne), which was adapted
and developed by using anti-human lambda chain as previously described [10–14]. Briefly,
ustekinumab was coated on MaxiSorp ELISA plates in coating buffer at 10 µg/mL o/n at
4 ◦C. After, washing plates were saturated with PBS BSA 4%. Serial dilution in PBS BSA 1%
was then used. Detection of ATU was performed using a goat F(ab’)2 anti-human lambda
chain-HRP (Sigma-Aldrich, St. Louis, MO, USA). The identification of anti-ustekinumab
antibodies with our drug-tolerant assay was performed twice in a blinded fashion. Blood
donors (×50) were used to define a threshold value of ATU at 11 µg/mL-eq. Wild samples
from the French blood bank were measured using the drug-tolerant assay to define a
threshold value, adding two standard deviations.

2.3. Statistical Analysis

Continuous data were expressed as means ± standard deviations (SD) or medians with
interquartile range (IQR), whereas nominal and ordinal data were expressed as numbers
and percentages. Categorical data were compared using the Chi-square test or the Fischer’s
exact test, as appropriate. Continuous data were compared using the Mann–Whitney
tests and Wilcoxon’s matched-pair signed-rank test, as appropriate. A correlation between
ATU or UST concentration and LOR during follow-up was analyzed using a reason test.
Receiver operating characteristic (ROC) curves were plotted to compare the ability of
continuous variables (i.e., UST concentrations and levels of ATU) to predict LOR and to
identify optimal threshold values based on the Youden index. Variables associated with UST
immunogenicity were assessed by uni- and multivariate analyses using COX regression
analysis. All analyses were two-tailed, and p values <0.05 were considered statistically
significant. Statistical analysis was performed using the SPSS statistical software (SPSS Inc.,
v26, Chicago, IL, USA).

3. Results
3.1. Patient’s Characteristics

One hundred and fifty-seven patients with IBD on ustekinumab were identified, and
after applying the exclusion criteria, 90 patients were included in the study (78 with CD
and 12 with UC) (Figure 1 and Table 1).

Figure 1. Synopsis of the study.



J. Clin. Med. 2023, 12, 3395 4 of 9

Table 1. Patients’ characteristics.

Patient Characteristics Total No LOR LOR p

Sex Ratio male/Female 1.1 1.0 1.1 0.870

Age (years) Mean ± SD 38.7 ± 6.3 37.4 ± 4.1 39.5 ± 7.2 0.760

Disease duration (years) median, (IQR) 8.5 (4.2–11.3) 7.7 (3.9–10.6) 9.9 (5.2–10.5) 0.450

Active smoking, n (%) 54 (60) 36 (66) 18 (50) 0.320

IBD type, n (%)
0.660CD 78 (86) 48 (88) 30 (83)

UC 12 (14) 6 (12) 6 (17)

CD behavior, n (%) 0.320
B1 24 (38) 16 (33) 8 (26)
B2 18 (22) 12 (25) 6 (20)
B3 36 (40) 20 (41) 16 (54)

CD (location %) 0.23
L1 32 (41) 20 (41) 12 (40)
L2 11 (14) 9 (19) 2 (7)
L3 35 (45) 19 (40) 16 (53)

UC extension, n (%)

0.830
E1 2 (17) 1 (17) 1 (17)
E2 6 (50) 4 (66) 2 (34)
E3 4 (33) 1 (17) 3 (49)

CDAI at inclusion, median, (IQR) 280 (240–330) 270 (245–325) 285 (250–340) 0.540

Full Mayo score, n 8 (8–9) 8 (7–8) 8 (8–9) 0.890

Previous treatments, n (%)
-at least 1 anti-TNF 79 (80) 49 (90) 30 (83) 0.210

-2 anti-TNFs 36 (40) 21 (38) 15 (41) 0.670
-Vedolizumab 27 (30) 11 (20) 16 (45) 0.040

-AZA 30 (33) 21 (39) 9 (25) 0.030

IQR: interquartile range; CDAI: Crohn’s disease activity index; LOR: loss of response; AZA: azathioprine;
TNF: tumor necrosis factor; IBD: inflammatory bowel disease; CD: Crohn’s disease; UC: ulcerative colitis.

The mean age was 37 ± 4 years, and the mean disease duration was 8.5 ± 3.5 years. In
compliance with the recommendations of the French Health Authority, 88 patients were
previously treated with anti-TNF therapy. Thirty patients had also received vedolizumab.
Patient characteristics were similar between patients with and without LOR during follow-
up except for prior exposure to vedolizumab and prior exposure to azathioprine (Table 1).
Patients were followed for a median of 1.8 years (IQR: 0.9–2.8). Thirty-six patients had LOR
on UST maintenance therapy (90 mg every 8 weeks), all of whom were dose-intensified to
90 mg every 4 weeks. A total of 12 out of the 36 optimized patients (33%) regained clinical
remission (defined as CDAI < 150 or HBI < 4 for CD and partial Mayo subscore < 3 for UC)
upon drug intensification.

3.2. Therapeutic Drug Monitoring

Median serum UST concentrations did not differ between patients with or without
LOR (4.21 IQR (2.02–5.20) µg/mL vs. 4.56 IQR (2.95–6.67) µg/mL, respectively, p = 0.570).
Conversely, the median levels of ATU were significantly higher in patients with LOR
compared to patients without LOR (15.2 IQR (7.9–21.5) µg/mL-eq vs. 4.7 IQR (2.1–10.5)
µg/mL-eq, respectively; p = 0.04). ATU were positive in 30% of patients (42% for patients
with LOR vs. 6% for patients without LOR; p = 0.045). There was a significant correlation
between the levels of ATU and LOR during the follow-up (Pearson’s, r = 0.77, p = 0.046)
(Figure 2).
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Figure 2. Correlation between ATU (antibodies to ustekinumab using drug-tolerant assay) levels and
percentage of LOR in our IBD cohort.

The area under the ROC curve (AUROC) for ATU for predicting LOR was 0.76 (95%
confidence interval (CI) (0.62–0.86), p = 0.035) (Figure 3).

Figure 3. ROC curve to isolate threshold value of ATU to predict LOR during the follow-up.

The optimal cut-off to identify patients with LOR was 9.5 µg/mL-eq with a sensitivity
of 80%, specificity of 85%, positive predictive value of 87% and a negative predictive value
of 80%. There was no significant correlation between circulating UST concentrations and
levels of ATU (Pearson’s, r = −0.093, p = 0.68). The median levels of ATU were equivalent
in CD compared to UC patients (8.4 µg/mL-eq vs. 8.7 µg/mL-eq, respectively; p = 0.86).

Uni- and multivariate analysis demonstrated that serum ATU ≥ 9.5 µg/mL-eq (hazard
ratio (HR) 2.54, 95%CI (1.80–5.93)), p = 0.022, prior vedolizumab (HR 2.78, 95%CI (1.09–3.34),
p = 0.019) and prior azathioprine used alone (HR 0.54, 95%CI (0.20–0.76), p = 0.014) expo-
sures were the only factors independently associated with LOR to UST (Table 2).
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Table 2. Factors associated with loss of response to ustekinumab.

Univariate Analysis Multivariate Analysis

p HR (95% CI) p HR (95% CI)

Gender (male vs. female) 0.870 0.95 (0.29–4.02)

Age 0.760 0.88 (0.56–3.55)

Ustekinumab trough
concentrations <4.5 µg/mL 0.450 1.18 (0.74–4.23)

ATU ≥ 9.5 µg/mL-eq 0.045 2.81 (1.35–4.91) 0.022 2.54 (1.80–5.93)

UC vs. CD 0.300 1.40 (0.74–2.65)

Prior vedolizumab therapy 0.060 1.56 (0.98–1.39) 0.019 2.78 (1.09–3.34)

Prior azathioprine therapy 0.028 0.66 (0.52–0.82) 0.014 0.54 (0.20–0.76)

Active smoking 0.650 1.12 (0.40–3.55)

Duration of disease 0.450 0.67 (0.26–9.21)

Prior use of two anti-TNFs 0.670 1.12 (0.32–8.72)

HR: hazard ratio; ATU: antibodies to ustekinumab; CD: Crohn’s disease; UC: ulcerative colitis; TNF: tumor
necrosis factor.

Patients with ATU levels exceeding the threshold of 9.5 µg/mL-eq, those who received
prior vedolizumab therapy and those with no prior azathioprine therapy were more likely
to have a SLR to UST.

4. Discussion

This is the first study to report that the presence of ATU > 9.5 µg/mL, detected by
a drug-tolerant immunoassay, is an independent factor associated with LOR to UST. In
contrast to the pivotal phase 3 trials and long-term extensions [8,15] where neutralizing
ATU were detected in less than 5% of patients, in our cohort, ATU were detected in 30% of
patients and the levels of ATU exceeded 9.5 µg/mL in 17% of IBD patients. Our findings
also differ from previous studies in which ATU were not associated with LOR. These
discrepancies may be explained by the distinct methods of ATU detection, the difference
between the study population and the absence of concomitant immunosuppressants in
our cohort. We also think that due to ustekinumab monotherapy without IS drug, we
have an increased number of patients with anti-drug antibodies. In psoriatic arthritis, the
authors showed that the rate of immunization was two times more under monotherapy
ustekinumab than under a combination of treatment with methotrexate [16]. Moreover,
generally, antibodies measurement in all studies were performed using a qualitative value
conversely to our study using, for a first time, a quantitative assay. Moreover, all our
patients were in failure to at least two anti-TNF drugs with probably in more than 20% of
cases an immunogenic mechanism.

In addition, almost all the patients in our study were previously exposed to at least
one anti-TNF agent (and almost half were exposed to two or more anti-TNFs) and/or
to vedolizumab. Moreover, all phase 3 trial analyzing UST used a chemiluminescence
assay [9,11]. The study of anti-drug antibodies by chemiluminescence assay is less clear
with heterogeneous data. This technique also does not allow the measurement of ATU
in the presence of drugs (drug-tolerant) without any dissociation step. Across the phase
3 trials, serum ustekinumab concentrations were dose-proportional and showed a pos-
itive association with clinical remission at week 8 (UNITI-1 and UNITI-2) and week 24
(IM-UNITI). At the end of induction (week 8), median ustekinumab concentrations were
2.1 and 6.4 µg/mL for the 130 mg and 6 mg/kg dose groups, respectively. Additionally,
the median steady-state trough serum ustekinumab concentrations over time in the q8w
group (1.97–2.24 µg/mL) were 3-fold higher than in the q12w group (0.61–0.76 µg/mL). In
a real-world analysis of 59 patients from McGill University, a serum ustekinumab level of
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4.5 µg/mL was associated with endoscopic response (72.2% sensitivity, 83.3% specificity;
p = 0.0006; area under curve, 0.782). This level (compared to lower levels) was also associ-
ated with a composite outcome of steroid-free clinical remission and endoscopic response
(50% vs. 15%, p = 0.024). Additionally, a ustekinumab level of 5 µg/mL, compared to lower
levels, was associated with normal serum CRP (63.6% vs. 33%, p = 0.024). Conversely
to our results, immunogenicity was low in these trials. In the CERTIFI trial, only 3 of
the 427 Crohn’s disease patients with samples for analysis (0.7%) showed antibodies to
ustekinumab through week 36. Likewise, the incidence of antibodies to ustekinumab was
low (0.2%) in the UNITI studies across both dose groups. In IM-UNITI, the incidence of
antibodies to ustekinumab through week 44 was similarly low (27/1154 patients, 2.3%). In
a real-world experience at McGill University, none of the 49 patients tested had detectable
antibodies to ustekinumab at 6 months [15].

Moreover, in a recent study, the authors analyzed the efficacy and safety of ustek-
inumab in pediatric patients with psoriasis. They reported in their cohorts than 10% of
patients developed anti-drug antibodies [16]. In another study analyzing ustekinumab in
adult patients with active psoriatic arthritis (PsA), a total of 615 adult patients with active
PsA were randomized to placebo, ustekinumab 45 mg or ustekinumab 90 mg, at weeks
0, 4 and every 12 weeks through week 88 (last dose). Through week 108, a total of 49 of
591 patients (8.3%) tested positive for antibodies to ustekinumab. The incidence of anti-
bodies to ustekinumab was similar between the two doses but was lower among patients
receiving concomitant MTX (n = 13 of 287, 4.5%) compared with those not receiving MTX
(n = 36 of 304, 11.8%). Patients who tested positive for antibodies to ustekinumab had lower
mean serum ustekinumab concentrations than patients who had tested negative [17].

In the phase 3 pivotal trials, the higher quartiles of UST concentrations were positively
correlated with favorable therapeutic outcomes in both CD and UC [6,8]. Interestingly, our
findings failed to detect a relationship between UST concentrations and LOR. Likewise,
we failed to detect any relationship between drug concentrations and ATU. This could be
partially explained by the fact that UST concentrations were not only measured at trough
(just prior to the injection) but also in between injections, as blood samples were taken at
the discretion of the treating physician. In addition to the levels of ATU above the cut-off
point of 9.5 µg/mL, we identified two other variables independently associated with LOR
to UST. The first variable was the lack of previous use of azathioprine alone. It is possible
that these patients had less a severe disease and are less likely to experience LOR to UST.
Previous use of azathioprine was associated as protective in our study against LOR under
UST (HR 0.54, 95%CI [0.20–0.76], p = 0.014). However, a metanalysis investigating the role
of combination therapy found that combining UST with an immunomodulator is no more
effective than monotherapy [18,19]. The second variable independently associated with
LOR to UST was previous use of vedolizumab. In a large, retrospective, multi-center study
of 1113 patients with CD aiming to identify predictors of response to UST, previous biologic
exposure (including anti-TNF agents and vedolizumab) was associated with a greater
risk for endoscopic failure [20]. On multivariable analysis, prior antitumor necrosis factor
(hazard ratio, 0.72; 95% confidence interval, 0.49–0.99) and vedolizumab exposure (hazard
ratio, 0.65; 95% confidence interval, 0.48–0.88) were independently associated with lower
likelihoods of achieving endoscopic remission. Even if speculative, previous exposure to
numerous biologics, such as anti-TNFs and vedolizumab, probably suggest more refractory
patients with IBD who are more likely to fail subsequent UST. We acknowledge some
limitations of our study, including the retrospective design with its potential biases. In
addition, our definition of LOR did not include objective markers of inflammation, the
definition of LOR without objective markers of inflammation, the small population sample
size and no consecutive measurement for all patients treated with ustekinumab of anti-drug
antibodies. There was also a rather small sample size. It would also be interesting to test the
relationship between the HLA DQA1*05 allele and ATU, as it was previously reported that
IBD patients carrying this allele were more likely to develop immunogenicity to anti-TNF
therapy. The study did have several strengths in including the real-life cohort of patients,



J. Clin. Med. 2023, 12, 3395 8 of 9

the use of a drug-tolerant assay, the long follow-up of the patients and the fact that ATU
and UST measurements were blinded to disease clinical outcomes decreasing potential bias.
In conclusion, using a drug-tolerant immunoassay in our cohort, ATU was be detected in a
substantial proportion of patients with IBD and ATU > 9.5 µg/mL-eq was an independent
predictor of LOR. These findings, if confirmed in larger and prospective studies, may
facilitate decision making and help optimize management of patients losing response
to UST.
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ATU antibodies to ustekinumab
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ROC receiver operating characteristic
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IQR interquartile range

References
1. Kennedy, N.A.; Heap, G.A.; Green, H.D.; Hamilton, B.; Bewshea, C.; Walker, G.J.; Thomas, A.; Nice, R.; Perry, M.H.; Bouri, S.; et al. Predic-

tors of anti-TNF treatment failure in anti-TNF-naive patients with active luminal Crohn’s disease: A prospective, multicentre,
cohort study. Lancet Gastroenterol. Hepatol. 2019, 4, 341–353. [CrossRef] [PubMed]

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

https://doi.org/10.1016/S2468-1253(19)30012-3
https://www.ncbi.nlm.nih.gov/pubmed/30824404
https://doi.org/10.1053/j.gastro.2017.07.031
https://www.ncbi.nlm.nih.gov/pubmed/28774547


J. Clin. Med. 2023, 12, 3395 9 of 9

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

4. Sandborn, W.J.; Feagan, B.G.; Fedorak, R.; Scherl, E.; Fleisher, M.R.; Katz, S.; Johanns, J.; Blank, M.; Rutgeerts, P. A Randomized
Trial of Ustekinumab, a Human Interleukin-12/23 Monoclonal Antibody, in Patients With Moderate-to-Severe Crohn’s Disease.
Gastroenterology 2008, 135, 1130–1141. [CrossRef] [PubMed]

5. Sandborn, W.J.; Gasink, C.; Gao, L.-L.; Blank, M.A.; Johanns, J.; Guzzo, C.; Sands, B.E.; Hanauer, S.B.; Targan, S.; Rutgeerts, P.; et al.
Ustekinumab Induction and Maintenance Therapy in Refractory Crohn’s Disease. N. Engl. J. Med. 2012, 367, 1519–1528. [CrossRef]
[PubMed]

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

7. Hanžel, J.; Zdovc, J.; Kurent, T.; Sever, N.; Javornik, K.; Tuta, K.; Koželj, M.; Smrekar, N.; Novak, G.; Štabuc, B.; et al. Peak
Concentrations of Ustekinumab After Intravenous Induction Therapy Identify Patients With Crohn’s Disease Likely to Achieve
Endoscopic and Biochemical Remission. Clin. Gastroenterol. Hepatol. 2020, 19, 111–118.e10. [CrossRef] [PubMed]

8. Adedokun, O.J.; Xu, Z.; Marano, C.; O’brien, C.; Szapary, P.; Zhang, H.; Johanns, J.; Leong, R.W.; Hisamatsu, T.; Van Assche, G.; et al.
Ustekinumab Pharmacokinetics and Exposure Response in a Phase 3 Randomized Trial of Patients With Ulcerative Colitis. Clin.
Gastroenterol. Hepatol. 2020, 18, 2244–2255.e9. [CrossRef] [PubMed]

9. Ungaro, R.C.; Yzet, C.; Bossuyt, P.; Baert, F.J.; Vanasek, T.; D’haens, G.R.; Joustra, V.W.; Panaccione, R.; Novacek, G.; Reinisch, W.; et al.
Deep Remission at 1 Year Prevents Progression of Early Crohn’s Disease. Gastroenterology 2020, 159, 139–147. [CrossRef] [PubMed]

10. Ben-Horin, S.; Mazor, Y.; Yanai, H.; Ron, Y.; Kopylov, U.; Yavzori, M.; Picard, O.; Fudim, E.; Lahat, A.; Coscas, D.; et al. The
decline of anti-drug antibody titres after discontinuation of anti-TNFs: Implications for predicting re-induction outcome in IBD.
Aliment. Pharmacol. Ther. 2012, 35, 714–722. [CrossRef] [PubMed]

11. Ben-Horin, S.; Ungar, B.; Kopylov, U.; Lahat, A.; Yavzori, M.; Fudim, E.; Picard, O.; Peled, Y.; Eliakim, R.; Del Tedesco, E.; et al.
Safety, efficacy and pharmacokinetics of vedolizumab in patients with simultaneous exposure to an anti-tumour necrosis factor.
Aliment. Pharmacol. Ther. 2018, 47, 1117–1125. [CrossRef] [PubMed]

12. Ben-Horin, S.; Yavzori, M.; Benhar, I.; Fudim, E.; Picard, O.; Ungar, B.; Lee, S.; Kim, S.; Eliakim, R.; Chowers, Y. Cross-
immunogenicity: Antibodies to infliximab in Remicade-treated patients with IBD similarly recognise the biosimilar Remsima.
Gut 2016, 65, 1132–1138. [CrossRef] [PubMed]

13. Ben-Horin, S.; Yavzori, M.; Katz, L.; Kopylov, U.; Picard, O.; Fudim, E.; Coscas, D.; Bar-Meir, S.; Goldstein, I.; Chowers, Y. The
immunogenic part of infliximab is the F(ab’)2, but measuring antibodies to the intact infliximab molecule is more clinically useful.
Gut 2011, 60, 41–48. [CrossRef] [PubMed]

14. Kopylov, U.; Mazor, Y.; Yavzori, M.; Fudim, E.; Katz, L.; Coscas, D.; Picard, O.; Chowers, Y.; Eliakim, R.; Ben-Horin, S. Clinical
utility of antihuman lambda chain-based enzyme-linked immunosorbent assay (ELISA) versus double antigen ELISA for the
detection of anti-infliximab antibodies. Inflamm. Bowel Dis. 2012, 18, 1628–1633. [CrossRef] [PubMed]

15. Hanauer, S.B.; Sandborn, W.J.; Feagan, B.G.; Gasink, C.; Jacobstein, D.; Zou, B.; Johanns, J.; Adedokun, O.J.; Sands, B.E.;
Rutgeerts, P.; et al. IM-UNITI: Three-year Efficacy, Safety, and Immunogenicity of Ustekinumab Treatment of Crohn’s Disease. J.
Crohn’s Colitis 2020, 14, 23–32. [CrossRef] [PubMed]

16. Philipp, S.; Menter, A.; Nikkels, A.; Barber, K.; Landells, I.; Eichenfield, L.; Song, M.; Randazzo, B.; Li, S.; Hsu, M.; et al.
Ustekinumab for the treatment of moderate-to-severe plaque psoriasis in paediatric patients (≥6 to <12 years of age): Efficacy,
safety, pharmacokinetic and biomarker results from the open-label CADMUS Jr study. Br. J. Dermatol. 2020, 183, 664–672.
[CrossRef] [PubMed]

17. Kavanaugh, A.; Puig, L.; Gottlieb, A.B.; Ritchlin, C.; Li, S.; Wang, Y.; Mendelsohn, A.M.; Song, M.; Zhu, Y.; Rahman, P.; et al.
Maintenance of Clinical Efficacy and Radiographic Benefit Through Two Years of Ustekinumab Therapy in Patients With Active
Psoriatic Arthritis: Results From a Randomized, Placebo-Controlled Phase III Trial. Arthritis Care Res. 2015, 67, 1739–1749.
[CrossRef] [PubMed]

18. Yzet, C.; Brazier, F.; Fumery, M. Reply. Clin. Gastroenterol. Hepatol. 2021, 19, 2214–2215. [CrossRef] [PubMed]
19. Yzet, C.; Diouf, M.; Singh, S.; Brazier, F.; Turpin, J.; Nguyen-Khac, E.; Meynier, J.; Fumery, M. No Benefit of Concomitant Im-

munomodulator Therapy on Efficacy of Biologics That Are Not Tumor Necrosis Factor Antagonists in Patients With Inflammatory
Bowel Diseases: A Meta-analysis. Clin. Gastroenterol. Hepatol. 2021, 19, 668–679.e8. [CrossRef] [PubMed]

20. Johnson, A.M.; Barsky, M.; Ahmed, W.; Zullow, S.; Galati, J.; Jairath, V.; Narula, N.; Peerani, F.; Click, B.H.; Coburn, E.S.; et al.
The Real-World Effectiveness and Safety of Ustekinumab in the Treatment of Crohn’s Disease: Results From the SUCCESS
Consortium. Am. J. Gastroenterol. 2023, 118, 317–328. [CrossRef] [PubMed]

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

https://doi.org/10.1056/NEJMoa1602773
https://www.ncbi.nlm.nih.gov/pubmed/27959607
https://doi.org/10.1053/j.gastro.2008.07.014
https://www.ncbi.nlm.nih.gov/pubmed/18706417
https://doi.org/10.1056/NEJMoa1203572
https://www.ncbi.nlm.nih.gov/pubmed/23075178
https://doi.org/10.1053/j.gastro.2018.01.043
https://www.ncbi.nlm.nih.gov/pubmed/29409871
https://doi.org/10.1016/j.cgh.2020.02.033
https://www.ncbi.nlm.nih.gov/pubmed/32109630
https://doi.org/10.1016/j.cgh.2019.11.059
https://www.ncbi.nlm.nih.gov/pubmed/31816446
https://doi.org/10.1053/j.gastro.2020.03.039
https://www.ncbi.nlm.nih.gov/pubmed/32224129
https://doi.org/10.1111/j.1365-2036.2012.04997.x
https://www.ncbi.nlm.nih.gov/pubmed/22288419
https://doi.org/10.1111/apt.14567
https://www.ncbi.nlm.nih.gov/pubmed/29446098
https://doi.org/10.1136/gutjnl-2015-309290
https://www.ncbi.nlm.nih.gov/pubmed/25897019
https://doi.org/10.1136/gut.2009.201533
https://www.ncbi.nlm.nih.gov/pubmed/20519742
https://doi.org/10.1002/ibd.21919
https://www.ncbi.nlm.nih.gov/pubmed/22038899
https://doi.org/10.1093/ecco-jcc/jjz110
https://www.ncbi.nlm.nih.gov/pubmed/31158271
https://doi.org/10.1111/bjd.19018
https://www.ncbi.nlm.nih.gov/pubmed/32173852
https://doi.org/10.1002/acr.22645
https://www.ncbi.nlm.nih.gov/pubmed/26097039
https://doi.org/10.1016/j.cgh.2020.11.016
https://www.ncbi.nlm.nih.gov/pubmed/33212207
https://doi.org/10.1016/j.cgh.2020.06.071
https://www.ncbi.nlm.nih.gov/pubmed/32629124
https://doi.org/10.14309/ajg.0000000000002047
https://www.ncbi.nlm.nih.gov/pubmed/36191274

	Introduction 
	Patients and Methods 
	Study Design, Disease Outcomes and Patient Characteristics 
	Therapeutic Drug Monitoring 
	Statistical Analysis 

	Results 
	Patient’s Characteristics 
	Therapeutic Drug Monitoring 

	Discussion 
	References

