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Background: Loss of response (LOR) to anti-TNF α 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 μgr/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 μgr/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, 

including those for text and data mining, AI training, and similar technologies. 
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. Introduction 

Anti-tumour necrosis factor alfa (Anti-TNF α) therapy, includ- 

ng infliximab and adalimumab, is a first-line biologic op- 

ion for moderate to severe CD [ 1 ]. Ustekinumab, an anti- 
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nterleukin (IL)-12 and IL-23 human monoclonal antibody was 

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

D in 2016 and is increasingly used off-label as a second- 

ine biologic therapy in paediatric patients who failed first-line 

nti-TNF α [ 2 ]. 

About a third of patients with CD do not respond to anti-TNF α
herapy induction, and some who initially responded, experience 

oss of response (LOR), insufficient response, or adverse effects re- 

ulting in treatment termination [ 3 , 4 ]. Unfortunately, only 40 % 

f patients who failed to respond anti-TNF α, respond to ustek- 

numab while other off-label alternatives for children are limited 
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 2 ]. Therefore, it is crucially important to optimize anti-TNF α ther- 

py before switching to other classes. 

In general, anti-TNF α failure is stratified into 3 categories: 

mmunological failure (the development of anti-drug antibodies), 

harmacokinetic failure (low drug trough concentration, TC, with- 

ut anti-drug antibodies) and pharmacodynamic failure (adequate 

C). While it is recommended to switch to another anti-TNF α in 

mmunological failure, and to escalate therapy in pharmacokinetic 

ailure, pharmacodynamic failure remains a challenging scenario, 

ommonly resulting in a switch out-of-class (or swap), usually to 

stekinumab or to newer anti-IL23 drugs [ 5 ]. Infliximab and adal- 

mumab differ in their pharmacokinetic properties. Infliximab is 

dministered intravenously, thus having a peak effect, while adal- 

mumab is given subcutaneously with a consequent stable serum 

oncentration. Consequently, the exposure of the inflamed tissue 

o the drug may be higher in infliximab, with a potential, theoret- 

cal, advantage in terms of efficacy [ 6 ]. 

Few meta-analyses imply on a higher efficacy of infliximab over 

dalimumab in patients with CD [ 7 , 8 ], but the evidence is conflict-

ng [ 9 ]. 

Taking the clinical and pharmacological data together, the merit 

f switching from adalimumab to infliximab in cases of adali- 

umab pharmacodynamic failure is still an open question. Sev- 

ral studies tried to address the question of switching from adali- 

umab to infliximab [ 3 , 5 , 6 ], however, only a few of these patients,

n each of these studies, had therapeutic drug monitoring (TDM) 

ata, preventing a clear insight regarding infliximab efficacy in this 

ubgroup of patients. Furthermore, studies which aimed to assess 

he efficacy of a second anti-TNF α against a swap to ustekinumab 

ielded conflicting results albeit these studies also suffered from 

he same shortcoming of not having comprehensive TDM mea- 

urement before treatment change, thus not enabling the essential 

tratification to immunogenic, pharmacokinetic and pharmacody- 

amic failure [ 10 , 11 ]. Therefore, we aimed to specifically explore 

he outcomes of paediatric patients with CD following adalimumab 

harmacodynamic failure either switching to infliximab or swap- 

ing to ustekinumab in a retrospective longitudinal cohort. 

. Materials and methods 

.1. Study design 

We conducted a multicentre retrospective longitudinal study. 

ata of patients treated with adalimumab as the first biologic 

gent for the indication of moderate to severe CD between January 

016 (when ustekinumab became available as an off-label treat- 

ent in Israel) to December 2024 were retrieved from 6 paedi- 

tric gastroenterology centres in Israel: Shaare Zedek Medical Cen- 

re, Schneider Children’s Medical Centre, Rambam Medical Centre, 

Dana-Dwek" Children’s Hospital, Sheeba Medical Centre and Meir 

edical Centre. 

The study protocol conforms to the ethical guidelines of the 

975 Declaration of Helsinki (6th revision, 2008) as reflected in a 

riori approval by the institution’s human research committee. 

.2. Patients, definitions and outcomes 

The study cohort included paediatric patients diagnosed with 

D who were treated first with adalimumab, experienced primary 

on-response or LOR, who had TDM with TC ( ≥ 7.5 mcg/ml) at 

OR [ 12 ] and switched to either infliximab or ustekinumab. Pa- 

ients who received a second biologic agent were only included if 

hey completed treatment induction defined as 3 infliximab infu- 

ions or at least one ustekinumab infusion and one subcutaneous 

njection. An intensified infliximab regimen was defined as either 
1788
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ose of > 5 mg/kg or interval shortening during induction or main- 

enance (to < 2–4, and 8 weeks between infusions respectively). 

stekinumab intensification was defined as interval shortening to 

 or 6 weeks between injections. Patients were excluded if sur- 

ical resection was performed before the initiation of subsequent 

herapy and if adalimumab termination occurred due to treatment 

dverse events or intolerance. 

CD diagnosis was based on the ESPGHAN revised Porto criteria 

 13 ] whereas disease classification items (including behaviour, lo- 

ation, and perianal involvement) were defined based on the Paris 

odification of the Montreal classification [ 14 ]. Collected data in- 

luded weighted Paediatric CD Activity Index (wPCDAI), C-reactive 

rotein (CRP), serum albumin, weight and height at diagnosis, 

dalimumab LOR, initiation of subsequent therapy, end of subse- 

uent therapy induction and end of follow-up. Faecal calprotectin 

ata were retrieved if available at the same time points. Patients 

ere included only if adalimumab TC and anti-drug antibodies 

ere available within 3 months of LOR. Therapeutic changes, en- 

oscopic evaluations, hospitalization related to CD and surgical in- 

erventions were recorded throughout the follow-up period. 

Primary non-response was defined as no change in wPCDAI or 

 drop of < 17.5 points post-induction without ever achieving clin- 

cal remission. Failure to achieve CRP normalization was also re- 

arded as primary non-response. LOR was defined as wPCDAI ≥12.5 

oints and/or CRP > 0.5 mg/dl after the achievement of clinical re- 

ission. Clinical remission was defined as wPCDAI score of < 12.5 

oints. 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- 

ent due to primary non-response, loss of response, or last follow- 

p if treatment continued. Weight and height were expressed as 

-scores. CRP normalization was defined as CRP < 0.5 mg/dl. 

.3. Statistical analysis 

Continuous variables were evaluated for normal distribution us- 

ng histogram, Q-Q Plots and Kolmogorov-Smirnov test and re- 

orted as median (interquartile range, IQR) for non-normally dis- 

ributed variables or mean (standard deviation, SD) for normally 

istributed variables. Categorical variables were reported as fre- 

uency and percentage. Similarity of baseline characteristics be- 

ween the two groups was assessed by using Mann-Whitney test 

r t -test for continuous variables, and Chi-square test or Fisher’s 

xact test for categorical variables. Cox regression and Log-rank 

est were used for univariate analysis of the potential associations 

aseline variables (either at diagnosis or at adalimumab initiation 

r at second-line initiation), and study outcomes. Multivariable Cox 

egression models were applied to assess the independent associ- 

tion between individual covariates (using a threshold of p ≤ 0.1) 

nd study outcomes. Kaplan-Meier analysis was used to compare 

ates of drug retention, time to corticosteroids-free clinical remis- 

ion, time to CRP normalization, time to disease-related hospital- 

zation and time to ileo-caecal resection between the two groups. 

he software SPSS version 28.0 (IBM corp., Armonk, NY, USA, 2021) 

as used for all statistical analyses. All reported P-values are two- 

ided. P-values < 0.05 were considered significant. 

. Results 

.1. Patients 

The cohort included 70 paediatric patients, 40 (57 %) males, 

ean age at diagnosis 12.4 ± 2.8 years, with 13 (19 %) patients ex- 

ibiting B2 or B3 phenotype and 16 (23 %) having perianal disease 

t diagnosis. The median duration of adalimumab treatment was 
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 07, 
ación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Table 1 

Patients’ characteristics at baseline and during adalimumab treatment. 

N = 70 

Sex (male), n ( %) 40 (57 %) 

Age at diagnosis (years), mean ±SD 12.4 ± 2.8 

Age at adalimumab start (years), mean ±SD 13.4 ± 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 μgr/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 ± 2.9 

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 ± 0.5 

CRP mg/dl, Median (IQR) 1.0 (0.5–4.1) 

Faecal calprotectin μgr/gr, Median (IQR) 700 (406–1130) 

TC at adalimumab stop, Median (IQR) 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. 
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3 months (IQR 8–24.5), and the median follow-up after switch- 

ng therapy was 12 months (IQR 6–29). Fifty patients (71 %) had 

t least one intensification during adalimumab treatment. The me- 

ian adalimumab TC before switching was 11.1 μg/ml (IQR 8.5–

5.1). For subsequent second-line therapy following adalimumab 

OR, 33 patients (47 %) received infliximab, and 37 (53 %) received 

stekinumab. Table 1 provides the characteristics of the entire co- 

ort at diagnosis, adalimumab initiation and adalimumab termina- 

ion. 

.2. Outcomes of the entire cohort 

For the entire cohort, median wPCDAI decreased from 26.5 (IQR 

7.5–35) at the initiation of second-line induction to 17.5 (IQR 5–

0) at the end of second-line induction ( p = 0.01). 

Median CRP decreased from 1.2 mg/dl (IQR 0.5–3.2) to 

.8 mg/dl (IQR 0.1–3) ( p = 0.7). Other markers, such as serum 

lbumin, faecal calprotectin, height, and weight z-scores, did not 

emonstrate significant changes between second-line initiation 

nd the end of second-line induction. Corticosteroids-free clini- 

al remission was achieved by 31 (44 %) patients at the end of 

econd-line induction and by 37 (53 %) at the end of follow-up. 

RP normalization was achieved by 32 (46 %) patients at the end 

f second-line induction and by 34 (49 %) at the end of follow-up. 

.3. Outcomes according to second line biological treatment 

When stratifying the cohort according to second-line biologic 

reatment (infliximab vs. ustekinumab), both groups were compa- 

able for all disease variables at the time of switching, as depicted 
1789
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n Table 2 . For the infliximab group, 22 (67 %) underwent inten- 

ified induction, whereas 30 (91 %) were treated with intensified 

nfliximab maintenance. All patients in the infliximab group under- 

ent TDM at the end of induction with a mean TC of 14.9 ± 5.6 

gr/ml. Among the 4 patients who terminated treatment due to 

nadequate response, 3 had TC < 5 μgr/ml (one of these with im- 

unogenic failure). During maintenance all 29 remaining patients 

ad at least one TDM. The mean TC at the end of follow-up 

as 14.2 ± 4.4 μgr/ml. The mean infliximab dose during mainte- 

ance was 10.1 ± 3.7 mg/kg, with a mean maintenance interval of 

.8 ± 1.3 weeks. There was no significant association between TC 

t the end of induction and any of the study outcomes. 

For the ustekinumab group, 6 patients (16 %) underwent ac- 

elerated induction (receiving the first subcutaneous injection at 

eek 4), while 28 (75 %) underwent maintenance interval short- 

ning to every 4 weeks. 

The infliximab group demonstrated significantly better out- 

omes compared with the ustekinumab group at the end of induc- 

ion in terms of clinical response, corticosteroid-free clinical remis- 

ion and CRP normalization and at the end of follow-up in terms 

f treatment termination rate, hospitalization rate, surgical rates, 

nd other outcomes ( Table 3 ). Endoscopic evaluation was not per- 

ormed systematically thus subjected to confounding by indication. 

ndoscopic data was not recorded using validated indices thus re- 

orted as overall response (judged by treating physician impres- 

ion) or endoscopic remission (no endoscopic inflammatory ac- 

ivity). Endoscopic response was recorded in 16/20 of infliximab 

reated patients (80 %) and in 13/36 (36 %) in ustekinumab treated 

atients ( 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 

reatment termination in the ustekinumab group ( Fig. 1 ) and sig- 

ificant differences in time to corticosteroids-free clinical remis- 

ion, CRP normalization, hospitalization and surgical intervention 

 Fig. 2 ). 

The proportion of patients who had adalimumab TC of 

12μgr/ml was not different among the 2 cohorts [14 (42 %) and 

6 (43 %) for infliximab and ustekinumab treated patients, respec- 

ively]. TC ≥12 μgr/ml was not associated with any of the study 

utcomes. Despite of the smaller sample size, the differences in 

ategorical outcomes remained significant. At the end of induc- 

ion, rates of corticosteroids-free clinical remission were 12 (86 %) 

s. 3 (19 %), CRP normalization- 12 (86 %) vs. 1 (6 %) and faecal

alprotectin < 250μgr/gr - 8/10 (80 %) vs. 1/10 (10 %), (all p val- 

es < 0.01), in patients treated with infliximab and ustekinumab 

espectively. At the end of follow-up rates of corticosteroids-free 

linical remission were 13 (93 %) vs. 1(6 %), CRP normalization- 

2 (86 %) vs. 1 (6 %), treatment termination- 1 (7 %) vs. 15 (94 %),

ospitalization- 1 (7 %) vs. 8 (50 %) and intestinal resection- 0 (0 %) 

s, 7 (44 %) (all p values < 0.01) in patients treated with infliximab 

nd ustekinumab respectively. 

Univariate analysis did not demonstrate any significant associ- 

tions between baseline variables (either at diagnosis or at adali- 

umab initiation or at second-line initiation), and any of the study 

utcomes (all p values > 0.1). 

.4. Extraintestinal manifestations and adverse events 

There were 4 drug-related adverse events (12 %) under inflix- 

mab treatment including 3 patients with new-onset psoriatiform 

ash and one patient with headaches whereas in the ustekinumab 

roup there was one adverse event (3 %)- folliculitis. None of the 

eported adverse events resulted in treatment termination. 

Paradoxical reactions to adalimumab at treatment termination 

ncluded 6 patients (9 %) with either eczema-like lesions or psori- 
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 07, 
ación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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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) 15.4 ± 3.1 15.4 ± 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 μgr/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 3.9 ± 0.4 4.1 ± 0.3 3.8 ± 0.4 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. 

Fig. 1. Cumulative probability of infliximab and ustekinumab discontinuation following adalimumab pharmacodynamic failure. 
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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. 
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tiform eruptions all treated with ustekinumab as second line and 

eactions either resolved or significantly improved. 

As for extraintestinal manifestations at adalimumab termina- 

ion, one patient with uveitis was switched to ustekinumab and 

mproved with topical treatment while two patients with arthral- 

ia and one patient with sacroiliitis were switched to infliximab 

nd improved. New extraintestinal manifestations during second- 

ine treatment occurred in 4 patients (11 %) treated with ustek- 

numab and included uveitis, 2 cases of peripheral arthritis and 2 

ases of arthralgia. One patient in the infliximab group reported 

rthralgia. 

. Discussion 

In this study, we assessed the response to either infliximab or 

stekinumab in paediatric patients with moderate to severe CD, 

ollowing pharmacodynamic failure with adalimumab. For the en- 

ire cohort, we demonstrated moderate response to the subsequent 

iological therapy with more than half of the patients achieving 

orticosteroid-free clinical remission at the end of follow-up. More 

mportantly, we showed that a switch in-class to infliximab was 

ore effective than a swap out-of-class to ustekinumab in terms of 

isks for treatment termination, hospitalization and surgical inter- 

ention. The rates of corticosteroids-free clinical remission and CRP 

ormalization were also significantly better for infliximab treated 

atients at both the end of induction and end of follow-up. 

In children, only adalimumab and infliximab are currently ap- 

roved, for the treatment of CD. In general, subcutaneous drugs 

re more convenient and, in most cases, do not necessitate upfront 

ombination therapy with an immunomodulator. Consequently, 

dalimumab is increasingly used as first biologic agent in children 

ith moderate to severe CD. Based on clinical experience, inflix- 

mab was used as a second-line biologic in some of the study par- 

icipating centres enabling the comparison between infliximab and 

stekinumab following adalimumab pharmacodynamic failure. 
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Few studies have assessed the response to infliximab after adal- 

mumab LOR in both children and adults with CD. Lecoutour et al. 

ecently reported a cohort of 32 children and found an infliximab 

etention rate of 84 % and corticosteroids-free clinical remission 

f 69 % at 12 months [ 3 ], rates that are concomitant with our

nding. Nevertheless, data on the type of adalimumab LOR based 

n TDM were available only for 11 patients, not allowing to draw 

ny conclusion regarding patients with adalimumab pharmacody- 

amic failure. A retrospective adult study which included 86 pa- 

ients with CD treated with infliximab following adalimumab LOR, 

eported 78 % response rate at one year. Again, only 33 patients 

38 %) had adalimumab TC data and the median adalimumab TC 

efore switch to infliximab was 4.0 μgr/ml (IQR, 1.7–5.4) imply- 

ng that most patients had either immunogenic or pharmacoki- 

etic failure [ 16 ]. Another adult study ( n = 21) showed lower in-

iximab response rates with a post induction response rate of 57 % 

hich has decreased to 45 % at one year. This study reported clin- 

cal remission rates of 25 % and 20 % at 6 months and one year,

espectively. Only 8 patients had adalimumab TC ≥ 5 μgr/ml be- 

ore switching to infliximab, preventing an analysis of pharmaco- 

ynamic failure outcomes [ 17 ]. 

Our findings regarding ustekinumab align with other studies, 

hich reported 35–50 % clinical remission/steroid-free remission 

t one year, after failure of first-line anti-TNF α therapy [ 2 , 18 , 19 ].

hile there are no direct head-to-head trials comparing ustek- 

numab and infliximab after adalimumab pharmacodynamic fail- 

re, a retrospective adult study attempted to compare the out- 

omes of a switch in-class to a second anti-TNF α or a swap out-of- 

lass to ustekinumab following LOR to a first anti-TNF α. Errickson 

t al. utilized the Swedish national registry, ultimately including 

12 patients after a propensity score matched analysis [ 10 ]. Drug 

urvival at 3 years was 35 % in the ustekinumab group compared 

o 36 % in anti-TNF α treated patients ( p = 0.72). The study also 

ound no significant difference in CD-related hospital admissions, 

r surgeries. Naturally, data did not include TDM, whatsoever. 
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 07, 
ación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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The clinical response rates to adalimumab in both children 

nd adults are relatively high, ranging between 70 % to 90 % 

 18 , 19 ]. 

Nevertheless, LOR is common, approximates as 10 % per year, 

n the first few years of treatment [ 20 , 21 ]. The rate of LOR due

o pharmacodynamic failure is not well described but as immuno- 

enic and pharmacokinetic failures may be dealt with either a 

witch in-class or treatment optimization, respectively, pharmaco- 

ynamic failure leads, in most cases, to a swap out-of-class. Ade- 

uate adalimumab TCs associated with clinical remission and en- 

oscopic remission were reported as ≥7.5 μgr/ml and ≥12 μgr/ml, 

espectively [ 22 , 23 ]. 

Given the evidence, we selected the threshold of ≥7.5 μgr/ml 

s the lower limit for inclusion. Nevertheless, we performed a sen- 

itivity analysis of the patients with TC ≥12 μgr/ml at LOR which 

esulted in similar outcomes. 

The lack of efficacy of the anti-TNF α agent in patients with 

harmacodynamic failure could be attributed to specific disease 

haracteristics in which TNF α does not play a pivotal role. How- 

ver, anti-TNF α agents differ in their pharmacokinetic properties 

nd tissue penetration, thus they may also differ in efficacy [ 6 ]. The

lausible mechanism that could explain the high response rate to 

nfliximab in our distinct population may be related to the specific 

harmacokinetic properties of intravenous infliximab. The known 

ntravenous infliximab peak effect and the consequent higher TC 

t any time-point between each administration compared with the 

table and lower adalimumab TCs result in a higher exposure of 

he inflamed bowel wall to the drug [ 5 , 6 ]. Thus, it can be inferred

hat after a pharmacodynamic failure with adalimumab, despite 

aintaining adequate drug levels, a subsequent switch to inflix- 

mab may result in a therapeutic response, particularly when the 

nflammatory burden is high. Considering the above mechanistic 

xplanation, applying a similar strategy in the opposite scenario 

switching to adalimumab following infliximab pharmacodynamic 

ailure) may be less attractive and the existing evidence may not 

rovide insights given the lack of studies based on routine TDM 

easurement [ 24 , 25 ]. Indeed, in studies comparing adalimumab to 

stekinumab following infliximab failure (without stratifying ac- 

ording to the type of failure), a swap to ustekinumab tended to 

ield superior results [ 26 , 27 ]. 

In the current study, though not powered for this, we did not 

bserve any significant safety signals in both treatment groups. As 

as consistently described [ 28 ], patients with adalimumab related 

aradoxical skin reactions responded favourably to ustekinumab 

hereas few patients treated with ustekinumab developed arthri- 

is/arthralgia plausibly reflecting the association of uncontrolled lu- 

inal inflammation (which was the rule in all of these patients) 

nd peripheral joint involvement [ 29 ]. 

Our study has several limitations. The retrospective design of 

he study, prevented an endoscopic evaluation per protocol, re- 

ulting in confounding by indication of the reported endoscopic 

esults. Furthermore, faecal calprotectin was not measured for all 

atients and faecal sampling was not systematically performed at 

pecific, pre-defined time points. However, a post-hoc power cal- 

ulation of the major study outcomes such as corticosteroids-free 

linical remission and treatment termination at the end of follow- 

p (yielding a power of 85.6 % and 99.6 %, respectively, for Fisher’s 

xact test), supports the significance of our results despite the 

bove limitations. 

It is important to note that infliximab and ustekinumab proto- 

ols were not standardized resulting in a much higher intensifica- 

ion rate during induction in the infliximab group whereas TDM 

as available only for infliximab. This discrepancy in treatment 

pproach could have influenced the comparative effectiveness of 

he two drugs and likely contributed to the better outcomes ob- 

erved with infliximab. Also, the use of immunomodulators was 
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igher in patients treated with infliximab which may also affect 

he favourable results in the infliximab group. 

Nevertheless, it is important to mention that the differences in 

he treatment schedule of infliximab and ustekinumab stem from 

he standard practice in which infliximab escalation during induc- 

ion is much more available, TDM is routinely performed and com- 

ination therapy with thiopurine is the rule. 

In conclusion, we demonstrated that a switch to infliximab was 

ore effective than a swap out-of-class to ustekinumab following 

dalimumab pharmacodynamic failure. To the best of our knowl- 

dge, this is the first report focusing on this difficult-to-treat pop- 

lation. The results of our study challenge the current treatment 

ractices and suggest that a more nuanced approach to utilizing 

nti-TNF α therapies, in patients with CD, may be warranted. 
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