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Background: Loss of response (LOR) to anti-TNFe in patients with Crohn’s disease (CD) is not uncommon.
A particular challenge is pharmacodynamic LOR (inflammatory activity persisting despite adequate trough
concentrations, TC).
Aims: To explore the outcomes of paediatric patients with CD following adalimumab pharmacodynamic
failure.
Methods: We conducted a multi-centre retrospective cohort study. Data of patients who experienced
adalimumab LOR with TC (>7.5 pgr/ml) and switched to either infliximab or ustekinumab were retrieved.
Results: The cohort included 70 patients (57 % male), with median duration on adalimumab of 13
months (IQR 8-24.5) and 12 months (IQR 6-29) of follow-up on subsequent therapy. Median adali-
mumab TC before switching was 11.1 (IQR 8.5-15.1 pgr/ml). At switching, the 2 group (infliximab=33,
ustekinumab=37), were comparable for all disease variables. The infliximab group demonstrated superior
outcomes in drug sustainability (88 % vs. 30 %; p = 0.001), corticosteroid-free clinical remission (58 % vs.
32 %; p = 0.03), lower surgical rate (3 % vs. 27 %; p = 0.006), higher C-reactive protein normalization
(76 % vs. 24 %; p < 0.001), and albumin levels (4.1 + 0.3 vs. 3.8 &+ 0.4; p = 0.001)
Conclusions: For paediatric patients with CD following adalimumab pharmacodynamic failure, a switch
in-class to infliximab may be more effective than a switch to ustekinumab.

© 2025 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights are reserved,
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1. Introduction interleukin (IL)-12 and IL-23 human monoclonal antibody was

approved by the Food and Drug Administration (FDA) for adult

Anti-tumour necrosis factor alfa (Anti-TNFa) therapy, includ-
ing infliximab and adalimumab, is a first-line biologic op-
tion for moderate to severe CD [1]. Ustekinumab, an anti-
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CD in 2016 and is increasingly used off-label as a second-
line biologic therapy in paediatric patients who failed first-line
anti-TNFa [2].

About a third of patients with CD do not respond to anti-TNFo
therapy induction, and some who initially responded, experience
loss of response (LOR), insufficient response, or adverse effects re-
sulting in treatment termination [3,4]. Unfortunately, only 40 %
of patients who failed to respond anti-TNFw, respond to ustek-
inumab while other off-label alternatives for children are limited
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[2]. Therefore, it is crucially important to optimize anti-TNF« ther-
apy before switching to other classes.

In general, anti-TNFa failure is stratified into 3 categories:
Immunological failure (the development of anti-drug antibodies),
pharmacokinetic failure (low drug trough concentration, TC, with-
out anti-drug antibodies) and pharmacodynamic failure (adequate
TC). While it is recommended to switch to another anti-TNFx in
immunological failure, and to escalate therapy in pharmacokinetic
failure, pharmacodynamic failure remains a challenging scenario,
commonly resulting in a switch out-of-class (or swap), usually to
Ustekinumab or to newer anti-IL23 drugs [5]. Infliximab and adal-
imumab differ in their pharmacokinetic properties. Infliximab is
administered intravenously, thus having a peak effect, while adal-
imumab is given subcutaneously with a consequent stable serum
concentration. Consequently, the exposure of the inflamed tissue
to the drug may be higher in infliximab, with a potential, theoret-
ical, advantage in terms of efficacy [6].

Few meta-analyses imply on a higher efficacy of infliximab over
adalimumab in patients with CD [7,8], but the evidence is conflict-
ing [9].

Taking the clinical and pharmacological data together, the merit
of switching from adalimumab to infliximab in cases of adali-
mumab pharmacodynamic failure is still an open question. Sev-
eral studies tried to address the question of switching from adali-
mumab to infliximab [3,5,6], however, only a few of these patients,
in each of these studies, had therapeutic drug monitoring (TDM)
data, preventing a clear insight regarding infliximab efficacy in this
subgroup of patients. Furthermore, studies which aimed to assess
the efficacy of a second anti-TNFo against a swap to ustekinumab
yielded conflicting results albeit these studies also suffered from
the same shortcoming of not having comprehensive TDM mea-
surement before treatment change, thus not enabling the essential
stratification to immunogenic, pharmacokinetic and pharmacody-
namic failure [10,11]. Therefore, we aimed to specifically explore
the outcomes of paediatric patients with CD following adalimumab
pharmacodynamic failure either switching to infliximab or swap-
ping to ustekinumab in a retrospective longitudinal cohort.

2. Materials and methods
2.1. Study design

We conducted a multicentre retrospective longitudinal study.
Data of patients treated with adalimumab as the first biologic
agent for the indication of moderate to severe CD between January
2016 (when ustekinumab became available as an off-label treat-
ment in Israel) to December 2024 were retrieved from 6 paedi-
atric gastroenterology centres in Israel: Shaare Zedek Medical Cen-
tre, Schneider Children’s Medical Centre, Rambam Medical Centre,
"Dana-Dwek" Children’s Hospital, Sheeba Medical Centre and Meir
Medical Centre.

The study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki (6th revision, 2008) as reflected in a
priori approval by the institution’s human research committee.

2.2. Patients, definitions and outcomes

The study cohort included paediatric patients diagnosed with
CD who were treated first with adalimumab, experienced primary
non-response or LOR, who had TDM with TC (> 7.5 mcg/ml) at
LOR [12] and switched to either infliximab or ustekinumab. Pa-
tients who received a second biologic agent were only included if
they completed treatment induction defined as 3 infliximab infu-
sions or at least one ustekinumab infusion and one subcutaneous
injection. An intensified infliximab regimen was defined as either
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dose of > 5 mg/kg or interval shortening during induction or main-
tenance (to <2-4, and 8 weeks between infusions respectively).
Ustekinumab intensification was defined as interval shortening to
4 or 6 weeks between injections. Patients were excluded if sur-
gical resection was performed before the initiation of subsequent
therapy and if adalimumab termination occurred due to treatment
adverse events or intolerance.

CD diagnosis was based on the ESPGHAN revised Porto criteria
[13] whereas disease classification items (including behaviour, lo-
cation, and perianal involvement) were defined based on the Paris
modification of the Montreal classification [14]. Collected data in-
cluded weighted Paediatric CD Activity Index (wPCDAI), C-reactive
protein (CRP), serum albumin, weight and height at diagnosis,
adalimumab LOR, initiation of subsequent therapy, end of subse-
quent therapy induction and end of follow-up. Faecal calprotectin
data were retrieved if available at the same time points. Patients
were included only if adalimumab TC and anti-drug antibodies
were available within 3 months of LOR. Therapeutic changes, en-
doscopic evaluations, hospitalization related to CD and surgical in-
terventions were recorded throughout the follow-up period.

Primary non-response was defined as no change in wPCDAI or
a drop of <17.5 points post-induction without ever achieving clin-
ical remission. Failure to achieve CRP normalization was also re-
garded as primary non-response. LOR was defined as wPCDAI>12.5
points and/or CRP>0.5 mg/dl after the achievement of clinical re-
mission. Clinical remission was defined as wPCDAI score of <12.5
points. Clinical response to treatment was defined by a drop of
>17.5 points but a total score of >12.5 points [15].

The end of follow-up was defined as discontinuation of treat-
ment due to primary non-response, loss of response, or last follow-
up if treatment continued. Weight and height were expressed as
Z-scores. CRP normalization was defined as CRP<0.5 mg/dl.

2.3. Statistical analysis

Continuous variables were evaluated for normal distribution us-
ing histogram, Q-Q Plots and Kolmogorov-Smirnov test and re-
ported as median (interquartile range, IQR) for non-normally dis-
tributed variables or mean (standard deviation, SD) for normally
distributed variables. Categorical variables were reported as fre-
quency and percentage. Similarity of baseline characteristics be-
tween the two groups was assessed by using Mann-Whitney test
or t-test for continuous variables, and Chi-square test or Fisher’s
exact test for categorical variables. Cox regression and Log-rank
test were used for univariate analysis of the potential associations
baseline variables (either at diagnosis or at adalimumab initiation
or at second-line initiation), and study outcomes. Multivariable Cox
regression models were applied to assess the independent associ-
ation between individual covariates (using a threshold of p < 0.1)
and study outcomes. Kaplan-Meier analysis was used to compare
rates of drug retention, time to corticosteroids-free clinical remis-
sion, time to CRP normalization, time to disease-related hospital-
ization and time to ileo-caecal resection between the two groups.
The software SPSS version 28.0 (IBM corp., Armonk, NY, USA, 2021)
was used for all statistical analyses. All reported P-values are two-
sided. P-values <0.05 were considered significant.

3. Results
3.1. Patients

The cohort included 70 paediatric patients, 40 (57 %) males,
mean age at diagnosis 12.4 + 2.8 years, with 13 (19 %) patients ex-
hibiting B2 or B3 phenotype and 16 (23 %) having perianal disease
at diagnosis. The median duration of adalimumab treatment was
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Table 1
Patients’ characteristics at baseline and during adalimumab treatment.
N =170

Sex (male), n ( %) 40 (57 %)
Age at diagnosis (years), mean £SD 124 +£ 2.8
Age at adalimumab start (years), mean +SD 134 4+ 2.6
Disease duration (months), median (IQR) 0.2 (0.0-1.0)
Adalimumab duration (months), median (IQR) 13.0 (8.0-24.5)
Paris behaviour, n ( %) B1 57 (81 %)

B2 9 (13 %)

B3 4 (6 %)
Paris Location, n (%) L1 24 (34 %)

L2 7 (10 %)

L3 39 (56 %)

L4 49 (70 %)
Perianal disease, n ( %) 16 (23 %)
Immunomodulator with adalimumab, n ( %) 24 (34 %)
Pre-treatment wPCDAI, Median (IQR) 31.2 (17.5-40.0)
Height Z Score, Median (IQR) -0.3 (-1.0- —-0.1)
Weight Z score, Median (IQR) -0.9 (-1.6- -0.1)
Albumin gr/dl, Mean (SD) 3.7 (£0.5)
CRP mg/dl, Median (IQR) 2.2 (0.5-4.0)
Faecal calprotectin pgr/gr, Median (IQR) 1140 (770-2100)
Reasons for adalimumab failure, n ( %) PNR 21

Partial response 17

LOR 32
Adalimumab intensification to 40 mg EW, n ( %) 50 (71 %)
Adalimumab intensification to 80 mg EW, n ( %) 17 (24 %)
Characteristics at adalimumab termination
Age (years), mean +SD 15.0 +£ 29
wPCDAI, Median (IQR) 35 (20-45)
Height Z Score, Median (IQR) -0.5 (-1.0- 0.1)
Weight Z score, Median (IQR) -0.7 (-1.5- 0.1)
Albumin gr/dl, Mean (SD) 3.8+ 05
CRP mg/dl, Median (IQR) 1.0 (0.5-4.1)

Faecal calprotectin pgr/gr, Median (IQR)
TC at adalimumab stop, Median (IQR)

700 (406-1130)
11.1 (8.5-15.1)

CRP, C-reactive protein; IQR, interquartile range; LOR, loss of response; wPCDAI,
weighted paediatric Crohn’s disease activity index; PNR, primary non-response; SD,
standard deviation; TC, trough concentration.

13 months (IQR 8-24.5), and the median follow-up after switch-
ing therapy was 12 months (IQR 6-29). Fifty patients (71 %) had
at least one intensification during adalimumab treatment. The me-
dian adalimumab TC before switching was 11.1 pg/ml (IQR 8.5-
15.1). For subsequent second-line therapy following adalimumab
LOR, 33 patients (47 %) received infliximab, and 37 (53 %) received
ustekinumab. Table 1 provides the characteristics of the entire co-
hort at diagnosis, adalimumab initiation and adalimumab termina-
tion.

3.2. Outcomes of the entire cohort

For the entire cohort, median wPCDAI decreased from 26.5 (IQR
17.5-35) at the initiation of second-line induction to 17.5 (IQR 5-
30) at the end of second-line induction (p = 0.01).

Median CRP decreased from 1.2 mg/dl (IQR 0.5-3.2) to
0.8 mg/dl (IQR 0.1-3) (p = 0.7). Other markers, such as serum
albumin, faecal calprotectin, height, and weight z-scores, did not
demonstrate significant changes between second-line initiation
and the end of second-line induction. Corticosteroids-free clini-
cal remission was achieved by 31 (44 %) patients at the end of
second-line induction and by 37 (53 %) at the end of follow-up.
CRP normalization was achieved by 32 (46 %) patients at the end
of second-line induction and by 34 (49 %) at the end of follow-up.

3.3. Outcomes according to second line biological treatment
When stratifying the cohort according to second-line biologic

treatment (infliximab vs. ustekinumab), both groups were compa-
rable for all disease variables at the time of switching, as depicted
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in Table 2. For the infliximab group, 22 (67 %) underwent inten-
sified induction, whereas 30 (91 %) were treated with intensified
infliximab maintenance. All patients in the infliximab group under-
went TDM at the end of induction with a mean TC of 14.9 &+ 5.6
pgr/ml. Among the 4 patients who terminated treatment due to
inadequate response, 3 had TC< 5 pgr/ml (one of these with im-
munogenic failure). During maintenance all 29 remaining patients
had at least one TDM. The mean TC at the end of follow-up
was 14.2 + 4.4 pgr/ml. The mean infliximab dose during mainte-
nance was 10.1 + 3.7 mg/kg, with a mean maintenance interval of
4.8 + 1.3 weeks. There was no significant association between TC
at the end of induction and any of the study outcomes.

For the ustekinumab group, 6 patients (16 %) underwent ac-
celerated induction (receiving the first subcutaneous injection at
week 4), while 28 (75 %) underwent maintenance interval short-
ening to every 4 weeks.

The infliximab group demonstrated significantly better out-
comes compared with the ustekinumab group at the end of induc-
tion in terms of clinical response, corticosteroid-free clinical remis-
sion and CRP normalization and at the end of follow-up in terms
of treatment termination rate, hospitalization rate, surgical rates,
and other outcomes (Table 3). Endoscopic evaluation was not per-
formed systematically thus subjected to confounding by indication.
Endoscopic data was not recorded using validated indices thus re-
ported as overall response (judged by treating physician impres-
sion) or endoscopic remission (no endoscopic inflammatory ac-
tivity). Endoscopic response was recorded in 16/20 of infliximab
treated patients (80 %) and in 13/36 (36 %) in ustekinumab treated
patients (p = 0.02). Endoscopic remission was recorded in 7/20
(35 %) and 9/36 (25 %), respectively (p = 0.44).

Survival analysis demonstrated significantly shorter time to
treatment termination in the ustekinumab group (Fig. 1) and sig-
nificant differences in time to corticosteroids-free clinical remis-
sion, CRP normalization, hospitalization and surgical intervention
(Fig. 2).

The proportion of patients who had adalimumab TC of
>12pgr/ml was not different among the 2 cohorts [14 (42 %) and
16 (43 %) for infliximab and ustekinumab treated patients, respec-
tively]. TC >12 pgr/ml was not associated with any of the study
outcomes. Despite of the smaller sample size, the differences in
categorical outcomes remained significant. At the end of induc-
tion, rates of corticosteroids-free clinical remission were 12 (86 %)
vs. 3 (19 %), CRP normalization- 12 (86 %) vs. 1 (6 %) and faecal
calprotectin <250pgr/gr - 8/10 (80 %) vs. 1/10 (10 %), (all p val-
ues < 0.01), in patients treated with infliximab and ustekinumab
respectively. At the end of follow-up rates of corticosteroids-free
clinical remission were 13 (93 %) vs. 1(6 %), CRP normalization-
12 (86 %) vs. 1 (6 %), treatment termination- 1 (7 %) vs. 15 (94 %),
hospitalization- 1 (7 %) vs. 8 (50 %) and intestinal resection- 0 (0 %)
vs, 7 (44 %) (all p values < 0.01) in patients treated with infliximab
and ustekinumab respectively.

Univariate analysis did not demonstrate any significant associ-
ations between baseline variables (either at diagnosis or at adali-
mumab initiation or at second-line initiation), and any of the study
outcomes (all p values>0.1).

3.4. Extraintestinal manifestations and adverse events

There were 4 drug-related adverse events (12 %) under inflix-
imab treatment including 3 patients with new-onset psoriatiform
rash and one patient with headaches whereas in the ustekinumab
group there was one adverse event (3 %)- folliculitis. None of the
reported adverse events resulted in treatment termination.

Paradoxical reactions to adalimumab at treatment termination
included 6 patients (9 %) with either eczema-like lesions or psori-
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Table 2
Patient’s characteristics according to second line therapy.
Infliximab, n = 33 Ustekinumab, n = 37 P value

male, n ( %) Sex 19 (58 %) 21 (59 %) 0.93
Age at second line initiation, Mean (SD) 154 + 3.1 154 + 3.0 0.91
Disease duration (y), Median (IQR) 2 (1-3.2) 2.2 (1-5.3) 0.19
Disease location, n ( %) L1 13 (39 %) 11 (30 %) 0.65

L2 2(6%) 5(13 %)

L3 18 (55 %) 21 (57 %)

L4 23 (70 %) 26 (70 %) 0.99
Disease behaviour, n ( %) B1 26 (79 %) 31 (84 %) 0.45

B2 4 (12 %) 5(14 %)

B3 3(9%) 1(2%)
Perianal involvement, n ( %) 9 (27 %) 7 (19 %) 0.43
Height Z Score, Median (IQR) —0.28 (-0.9-0.3) —0.11 (-0.6-0.6) 0.48
Weight Z score, Median (IQR) -0.71 (-1.5-0.5) —0.40 (-1.6-0.5) 0.33
wPCDAI, Median (IQR) 27.5 (17.5-35.0) 25 (18.7-35.5) 0.74
Albumin gr/dl, Mean (SD) 3.9 + 0.40 3.8 + 0.41 0.25
CRP mg/dl, Median (IQR) 1.2 (0. 5-2.3) 1.2 (0.5-3.4) 0.96
Faecal calprotectin pgr/gr, Median (IQR) 770 (253-1265) 712 (330-2380) 0.22
Immunomodulator at initiation 25 (76 %) 8 (22 %) <0.01
Follow-up duration (m) on second line (median, IQR) 13 (6-29) 10 (6-25) 0.46
TC at adalimumab stop, Median (IQR) 11.0 (8.4-14.8) 11.4 (8.7-15.5) 0.31

CRP, C-reactive protein; IQR, interquartile range; wPCDAI, weighted paediatric Crohn’s disease activity index; SD, standard deviation; TC, trough concentration.

Table 3
Patient’s outcomes according to second line therapy.

Entire cohort, n = 70 Infliximab, n = 33 Ustekinumab, n = 37 P value
At the end of induction
wPCDAI, Median (IQR) 17.5 (5-30) 10 (0-17.5) 22.5 (8.7-37.5) 0.005
Albumin, Mean + SD 39+ 04 41 +0.3 3.8 +04 0.001
CRP, Median (IQR) 0.8 (0.1-3.0) 0.2 (0.1-1.1) 1.5 (0.5-4.5) 0.12
CRP normalization (<0.5 mg/dl), n ( %) 32 (46 %) 23 (70 %) 9 (24 %) <0.001
Corticosteroids-free clinical remission, n ( %) 31 (44 %) 19 (58 %) 12 (32 %) 0.03
At the end of follow-up
Treatment termination, n ( %) 30 (43 %) 4 (12 %) 26 (70 %) <0.001
Clinical response, n ( %) 55 (79 %) 32 (97 %) 13 (35 %) <0.001
Clinical remission, n ( %) 37 (53 %) 24 (73 %) 13 (35 %) 0.002
Endoscopic response, n ( %) 29/56 (52 %) 16/20 (80 %) 13/36 (36 %) 0.002
Endoscopic remission, n ( %) 16/56 (29 %) 7/20 (35 %) 9/36 (25 %) 0.44
Intestinal resection, n ( %) 11 (16 %) 1(3%) 10 (27 %) 0.006
Hospitalization, n ( %) 17 (24 %) 4 (12 %) 13 (35 %) 0.03
wPCDAI, Median (IQR) 10 (0-25) 0(0-13.7) 17.5 (7.5-35) <0.001
Corticosteroids-free clinical remission, n ( %) 37 (53 %) 24 (73 %) 13 (35 %) 0.002
CRP, Median (IQR) 0.7 (0.1-2.3) 0.15 (0.1-0.7) 1.5 (0.6-3.2) 0.04
CRP normalization (<0.5 mg/dl), n ( %) 34 (49 %) 25 (76 %) 9 (24 %) <0.001
Height Z-Score, Median (IQR) -0.3 (-1.2-0.5) 0 (-1.3-0.9) -0.5 (-1.1-0.2) 0.32
Weight Z-score, Median (IQR) -0.4 (-1.5-0.6) -0.3 (-1.2-0.2) -0.4 (-1.7-0.6) 0.85

CRP, C-reactive protein; FU, follow-up; IQR, interquartile range; wPCDAI, weighted paediatric Crohn’s disease activity index; SD, standard deviation.

Survival probability on drug

Number at risk:

nflixin

stekinumab 37

* P<0.001

’\
N‘-~>-o————o~-~'\

Fig. 1. Cumulative probability of infliximab and ustekinumab discontinuation following adalimumab pharmacodynamic failure.
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Time to clinical remission
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P<0.001
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Time to CRP normalization

Time (months)

—e— |FX =—e-  UST
Number at risk:
Infliximab 33 5 1 1 1
Ustekinumab 37 9 1 1
d
1 e
g : \"Q P=0.02
I
g Ne-e e -4 - o--o--—ce-o
8
w
£
=
Number at risk: IFX =e= UST
Infliximab 33 17 12 6 4 2 1
Ustekinumab 37 17 8 5 4 2 1

Fig. 2. Cumulative probability of outcomes in infliximab and ustekinumab treated patients following adalimumab pharmacodynamic failure. 2A. Corticosteroids free clinical
remission (weighted Paediatric Crohn’s Disease Activity Index<12.5). 2B C-reactive protein normalization (< 0.5 mg/dl). 2C. Disease-related hospitalization. 2D Surgical

resection.

atiform eruptions all treated with ustekinumab as second line and
reactions either resolved or significantly improved.

As for extraintestinal manifestations at adalimumab termina-
tion, one patient with uveitis was switched to ustekinumab and
improved with topical treatment while two patients with arthral-
gia and one patient with sacroiliitis were switched to infliximab
and improved. New extraintestinal manifestations during second-
line treatment occurred in 4 patients (11 %) treated with ustek-
inumab and included uveitis, 2 cases of peripheral arthritis and 2
cases of arthralgia. One patient in the infliximab group reported
arthralgia.

4. Discussion

In this study, we assessed the response to either infliximab or
ustekinumab in paediatric patients with moderate to severe CD,
following pharmacodynamic failure with adalimumab. For the en-
tire cohort, we demonstrated moderate response to the subsequent
biological therapy with more than half of the patients achieving
corticosteroid-free clinical remission at the end of follow-up. More
importantly, we showed that a switch in-class to infliximab was
more effective than a swap out-of-class to ustekinumab in terms of
risks for treatment termination, hospitalization and surgical inter-
vention. The rates of corticosteroids-free clinical remission and CRP
normalization were also significantly better for infliximab treated
patients at both the end of induction and end of follow-up.

In children, only adalimumab and infliximab are currently ap-
proved, for the treatment of CD. In general, subcutaneous drugs
are more convenient and, in most cases, do not necessitate upfront
combination therapy with an immunomodulator. Consequently,
adalimumab is increasingly used as first biologic agent in children
with moderate to severe CD. Based on clinical experience, inflix-
imab was used as a second-line biologic in some of the study par-
ticipating centres enabling the comparison between infliximab and
ustekinumab following adalimumab pharmacodynamic failure.
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Few studies have assessed the response to infliximab after adal-
imumab LOR in both children and adults with CD. Lecoutour et al.
recently reported a cohort of 32 children and found an infliximab
retention rate of 84 % and corticosteroids-free clinical remission
of 69 % at 12 months [3], rates that are concomitant with our
finding. Nevertheless, data on the type of adalimumab LOR based
on TDM were available only for 11 patients, not allowing to draw
any conclusion regarding patients with adalimumab pharmacody-
namic failure. A retrospective adult study which included 86 pa-
tients with CD treated with infliximab following adalimumab LOR,
reported 78 % response rate at one year. Again, only 33 patients
(38 %) had adalimumab TC data and the median adalimumab TC
before switch to infliximab was 4.0 pgr/ml (IQR, 1.7-5.4) imply-
ing that most patients had either immunogenic or pharmacoki-
netic failure [16]. Another adult study (n = 21) showed lower in-
fliximab response rates with a post induction response rate of 57 %
which has decreased to 45 % at one year. This study reported clin-
ical remission rates of 25 % and 20 % at 6 months and one year,
respectively. Only 8 patients had adalimumab TC> 5 pgr/ml be-
fore switching to infliximab, preventing an analysis of pharmaco-
dynamic failure outcomes [17].

Our findings regarding ustekinumab align with other studies,
which reported 35-50 % clinical remission/steroid-free remission
at one year, after failure of first-line anti-TNFa therapy [2,18,19].
While there are no direct head-to-head trials comparing ustek-
inumab and infliximab after adalimumab pharmacodynamic fail-
ure, a retrospective adult study attempted to compare the out-
comes of a switch in-class to a second anti-TNFx or a swap out-of-
class to ustekinumab following LOR to a first anti-TNF«. Errickson
et al. utilized the Swedish national registry, ultimately including
312 patients after a propensity score matched analysis [10]. Drug
survival at 3 years was 35 % in the ustekinumab group compared
to 36 % in anti-TNFu treated patients (p = 0.72). The study also
found no significant difference in CD-related hospital admissions,
or surgeries. Naturally, data did not include TDM, whatsoever.
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The clinical response rates to adalimumab in both children
and adults are relatively high, ranging between 70 % to 90 %
[18,19].

Nevertheless, LOR is common, approximates as 10 % per year,
in the first few years of treatment [20,21]. The rate of LOR due
to pharmacodynamic failure is not well described but as immuno-
genic and pharmacokinetic failures may be dealt with either a
switch in-class or treatment optimization, respectively, pharmaco-
dynamic failure leads, in most cases, to a swap out-of-class. Ade-
quate adalimumab TCs associated with clinical remission and en-
doscopic remission were reported as >7.5 pgr/ml and >12 pgr/ml,
respectively [22,23].

Given the evidence, we selected the threshold of >7.5 pgr/ml
as the lower limit for inclusion. Nevertheless, we performed a sen-
sitivity analysis of the patients with TC>12 pgr/ml at LOR which
resulted in similar outcomes.

The lack of efficacy of the anti-TNFo agent in patients with
pharmacodynamic failure could be attributed to specific disease
characteristics in which TNFo does not play a pivotal role. How-
ever, anti-TNFo agents differ in their pharmacokinetic properties
and tissue penetration, thus they may also differ in efficacy [6]. The
plausible mechanism that could explain the high response rate to
infliximab in our distinct population may be related to the specific
pharmacokinetic properties of intravenous infliximab. The known
intravenous infliximab peak effect and the consequent higher TC
at any time-point between each administration compared with the
stable and lower adalimumab TCs result in a higher exposure of
the inflamed bowel wall to the drug [5,6]. Thus, it can be inferred
that after a pharmacodynamic failure with adalimumab, despite
maintaining adequate drug levels, a subsequent switch to inflix-
imab may result in a therapeutic response, particularly when the
inflammatory burden is high. Considering the above mechanistic
explanation, applying a similar strategy in the opposite scenario
(switching to adalimumab following infliximab pharmacodynamic
failure) may be less attractive and the existing evidence may not
provide insights given the lack of studies based on routine TDM
measurement [24,25]. Indeed, in studies comparing adalimumab to
ustekinumab following infliximab failure (without stratifying ac-
cording to the type of failure), a swap to ustekinumab tended to
yield superior results [26,27].

In the current study, though not powered for this, we did not
observe any significant safety signals in both treatment groups. As
was consistently described [28], patients with adalimumab related
paradoxical skin reactions responded favourably to ustekinumab
whereas few patients treated with ustekinumab developed arthri-
tis/arthralgia plausibly reflecting the association of uncontrolled lu-
minal inflammation (which was the rule in all of these patients)
and peripheral joint involvement [29].

Our study has several limitations. The retrospective design of
the study, prevented an endoscopic evaluation per protocol, re-
sulting in confounding by indication of the reported endoscopic
results. Furthermore, faecal calprotectin was not measured for all
patients and faecal sampling was not systematically performed at
specific, pre-defined time points. However, a post-hoc power cal-
culation of the major study outcomes such as corticosteroids-free
clinical remission and treatment termination at the end of follow-
up (yielding a power of 85.6 % and 99.6 %, respectively, for Fisher’s
exact test), supports the significance of our results despite the
above limitations.

It is important to note that infliximab and ustekinumab proto-
cols were not standardized resulting in a much higher intensifica-
tion rate during induction in the infliximab group whereas TDM
was available only for infliximab. This discrepancy in treatment
approach could have influenced the comparative effectiveness of
the two drugs and likely contributed to the better outcomes ob-
served with infliximab. Also, the use of immunomodulators was
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higher in patients treated with infliximab which may also affect
the favourable results in the infliximab group.

Nevertheless, it is important to mention that the differences in
the treatment schedule of infliximab and ustekinumab stem from
the standard practice in which infliximab escalation during induc-
tion is much more available, TDM is routinely performed and com-
bination therapy with thiopurine is the rule.

In conclusion, we demonstrated that a switch to infliximab was
more effective than a swap out-of-class to ustekinumab following
adalimumab pharmacodynamic failure. To the best of our knowl-
edge, this is the first report focusing on this difficult-to-treat pop-
ulation. The results of our study challenge the current treatment
practices and suggest that a more nuanced approach to utilizing
anti-TNFo therapies, in patients with CD, may be warranted.

Funding
None.
Ethical considerations

The Institutional Ethical Review board of each centre approved
the study protocol. The study was exempt from obtaining patients’
informed consent for all participating centres due to its retrospec-
tive design.

Authorship statement

Guarantor of article: Amit Assa MD, The Juliet Keidan Institute
of Paediatric Gastroenterology, Hepatology and Nutrition, The He-
brew University, Jerusalem, Israel.

Contribution of authors: AA, GD: Conceptualized and designed
the study, performed the acquisition of data, its analysis and inter-
pretation; Participated in drafting the manuscript and revising it
critically for important intellectual content.

MM, RLT, OL, MG, AYF, RMR, EZ, DT: participated in data acqui-
sition and analysis and participated in drafting the manuscript and
in critical revision of the manuscript.

All authors approved the final version of the article.

Conflict of interest

DT: Last 3 years DT received consultation fee, research grant,
royalties, or honorarium from Janssen, Pfizer, Shaare Zedek Med-
ical Centre, Hospital for Sick Children, Ferring, Abbvie, Takeda,
Prometheus Biosciences, Lilly, SorrisoPharma, Boehringer Ingel-
heim, Galapagos, BMS, AlfaSigma, Merck.

References

[1] Baldwin K, Grossi V, Hyams JS. Managing pediatric Crohn’s disease: recent in-
sights. Expert Rev Gastroenterol Hepatol 2023;17:949-58.

[2] Pujol-Muncunill G, VM Navas-Lépez, Ledder O, et al. STEP-CD study: ustek-
inumab use in paediatric Crohn’s disease-a multicentre retrospective study
from paediatric IBD Porto group of ESPGHAN. Eur | Pediatr 2024;183:3253-62.

[3] Lecoutour A, Dupont C, Caldari D, et al. Efficacy of infliximab after loss of re-
sponse of/intolerance to adalimumab in pediatric Crohn’s disease: a retrospec-
tive multicenter cohort study of the “GETAID pédiatrique. ] Pediatr Gastroen-
terol Nutr 2024;78:1116-25.

[4] Gisbert JP, Chaparro M. Primary failure to an anti-TNF agent in inflammatory
bowel disease: switch (to a second anti-TNF agent) or swap (for another mech-
anism of action)? J Clin Med 2021;10:5318.

[5] Yanai H, Lichtenstein L, Assa A, et al. Levels of drug and antidrug antibodies are
associated with outcome of interventions after loss of response to infliximab
or adalimumab. Clin Gastroenterol Hepatol 2015;13:522-30 e2.

[6] Nestorov I. Clinical pharmacokinetics of tumor necrosis factor antagonists. J
Rheumatol 2005;32.

[7] Shehab M, Alrashed F, Heron V, Restellini S, et al. Comparative efficacy of bio-
logic therapies for inducing response and remission in fistulizing Crohn’s dis-
ease: systematic review and network meta-analysis of randomized controlled
trials. Inflamm Bowel Dis 2023;29:367-75.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 07,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0001
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0002
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0003
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0004
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0005
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0006
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0007

G. Driban, M. Matar, R. Lev-Tzion et al.

[8] Singh S, Murad MH, Fumery M, et al. Comparative efficacy and safety of bi-
ologic therapies for moderate-to-severe Crohn’s disease: a systematic review
and network meta-analysis. Lancet Gastroenterol Hepatol 2021;6:1002-14.
deBruyn ]JC, Huynh HQ, Griffiths AM, et al. Adalimumab vs Infliximab in lumi-
nal pediatric Crohn’s disease: comparable outcomes in a prospective multicen-
ter cohort study. Off ] Am Coll Gastroenterol ACG 2024;119:565.

Eriksson C, Soderling ], Karlqvist S, et al. Ustekinumab versus anti-tumour

necrosis factor alpha agents as second-line biologics in Crohn’s disease. Dig

Dis Sci 2023;68:3119-28.

Ibing S, Cho JH, Bottinger EP, Ungaro RC. Second-line biologic therapy fol-

lowing tumor necrosis factor antagonist failure: a real-world propensity

score-weighted analysis. Clin Gastroenterol Hepatol Off Clin Pract J] Am Gas-
troenterol Assoc 2023;21:2629-38.

Rinawi F, Popalis C, Tersigni C, et al. Long-term outcomes with adalimumab

therapy in pediatric Crohn disease: associations with adalimumab exposure. |

Pediatr Gastroenterol Nutr 2022;74:389-95.

Levine A, Koletzko S, Turner D, et al. ESPGHAN revised porto criteria for the

diagnosis of inflammatory bowel disease in children and adolescents. ] Pediatr

Gastroenterol Nutr 2014;58:795-806.

[14] Levine A, Griffiths A, Markowitz ], et al. Pediatric modification of the Montreal
classification for inflammatory bowel disease: the Paris classification. Inflamm
Bowel Dis 2011;17:1314-21.

[15] Turner D, Levine A, Walters TD, et al. Which PCDAI version best reflects in-

testinal inflammation in pediatric Crohn disease? ] Pediatr Gastroenterol Nutr

2017;64:254-60.

Bauer CM, Younis A, Herfarth H, Barnes EL. Response to infliximab after loss of

response to adalimumab in Crohn’s disease. Inflamm Bowel Dis 2020;26:e5.

Peeters H, Louis E, Baert F, et al. Efficacy of switching to infliximab in patients

with Crohn’s disease with loss of response to adalimumab. Acta Gastro-Enterol

Belg 2018;81:15-21.

Singh S, Fumery M, Sandborn W], Murad MH. Systematic review and network

meta-analysis: first- and second-line biologic therapies for moderate-severe

Crohn’s disease. Aliment Pharmacol Ther 2018;48:394-409.

Fumery M, Dupont C, Ley D, et al. Long-term effectiveness and safety of an-

ti-TNF in pediatric-onset inflammatory bowel diseases: a population-based

study. Dig Liver Dis 2024;56:21-8.

19

[10]

(1]

[12]

[13]

[16]

[17]

[18]

[19]

1793

Digestive and Liver Disease 57 (2025) 1787-1793

[20] Stidham R, Lee T, Higgins P, et al. Systematic review with network meta-anal-
ysis: the efficacy of anti-TNF agents for the treatment of Crohn’s disease. Ali-
ment Pharmacol Ther 2014;39:1349-62.

[21] Faubion WA, Dubinsky M, Ruemmele FM, et al. Long-term efficacy and safety
of adalimumab in pediatric patients with Crohn’s disease. Inflamm Bowel Dis
2017;23:453-60.

[22] Chaparro M, Barreiro-de Acosta M, Echarri A, et al. Correlation between an-
ti-TNF serum levels and endoscopic inflammation in inflammatory bowel dis-
ease patients. Dig Dis Sci 2019;64:846-54.

[23] Juncadella A, Papamichael K, Vaughn BP, Cheifetz AS. Maintenance adali-
mumab concentrations are associated with biochemical, endoscopic and histo-
logic remission in inflammatory bowel disease. Dig Dis Sci 2018;63:3067-73.

[24] Lofberg R, Louis EV, Reinisch W, et al. Adalimumab produces clinical remis-
sion and reduces extraintestinal manifestations in Crohn’s disease: results from
CARE. Inflamm Bowel Dis 2012;18:1-9.

[25] Cozijnsen M, Duif V, Kokke F, et al. Adalimumab therapy in children with

Crohn disease previously treated with infliximab. ] Pediatr Gastroenterol Nutr

2015;60:205-10.

Na JE, Park YE, Park ], et al. Comparative real-world outcomes between

ustekinumab, infliximab, and adalimumab in bio-naive and bio-experienced

Crohn’s disease patients: a retrospective multicenter study. BMC Gastroenterol

2024;24:306.

[27] Ahmed Z, Venkata K, Zhang N, Malik TA. Comparative effectiveness of ustek-

inumab versus adalimumab in induction of clinical response and remission in

Crohn’s disease: experience of a real-world cohort at a tertiary care inflamma-

tory bowel disease referral center. Gastroenterol Res 2019;12:245-51.

Dolinger MT, Rolfes P, Spencer E, Stoffels G, et al. Outcomes of children with

inflammatory bowel disease who develop anti-tumour necrosis factor-induced

skin reactions. ] Crohns Colitis 2022;16:1420-7.

Faggiani I, Fanizza ], D’Amico F, et al. Extraintestinal manifestations in in-

flammatory bowel disease: from pathophysiology to treatment. Biomedicines

2024;12:1839.

(26]

(28]

[29]

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 07,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0008
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0009
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0010
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0011
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0012
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0013
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0014
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0015
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0016
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0017
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0018
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0019
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0020
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0021
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0022
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0023
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0024
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0025
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0026
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0027
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0028
http://refhub.elsevier.com/S1590-8658(25)00886-2/sbref0029

	A switch to infliximab may be more effective than ustekinumab following adalimumab pharmacodynamic failure in paediatric patients with Crohn’s disease
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Patients, definitions and outcomes
	2.3 Statistical analysis

	3 Results
	3.1 Patients
	3.2 Outcomes of the entire cohort
	3.3 Outcomes according to second line biological treatment
	3.4 Extraintestinal manifestations and adverse events

	4 Discussion
	Funding
	Ethical considerations
	Authorship statement
	Conflict of interest
	References


