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Abstract

Background: Ustekinumab [UST] is effective in the treatment of adults with moderate to severe 
Crohn’s disease [CD]. There is a paucity of data on its use in children.
Aim: To evaluate the response to UST in children with moderate to severe CD.
Methods: This multicentre retrospective cohort study identified children under 18  years old 
with CD, who received open-labelled subcutaneous UST. The primary outcome was changes in 
mean abbreviated Paediatric Crohn’s Disease Activity Index [aPCDAI] between baseline and 3 and 
12 months, and rate of clinical remission at 3 and 12 months. Secondary outcomes were clinical 
response at the same time points, changes in C-reactive protein [CRP] and albumin, improvement 
in growth parameters, and rate of adverse events.
Results: A total of 44 patients who failed at least one biological treatment were identified. Linear 
mixed model [LMM] analysis revealed a statistically significant effect of UST (X2[1]  =  42.7, 
p = 1.2 × 10–8) which lowered the aPCDAI scores by about 16 ± 2.7 at 3 months, and 19.6 ± 2.9 at 
12 months. At 12 months, 38.6% of the patients achieved clinical remission and 47.8% achieved 
clinical response. There was a significant increase in mean weight z-score of 0.48 [±0.13] 
[p <0.001] and in mean body mass index [BMI] z score of 0.66 [±0.16] [p <0.001]. The probability 
of remaining on UST at 12 months was 76.9%. The rate of adverse events was 12.4 per 1000 
patient-months.
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Conclusions: Subcutaneous UST should be considered a viable therapeutic option for paediatric 
patients who are refractory to other biological agents. Prospective randomised trials are needed.

Key Words: Ustekinumab; Crohn’s disease; paediatric

1. Introduction

Crohn’s disease [CD] is an incurable chronic inflammatory bowel 
disease with 25% of patients being diagnosed under the age of 
20  years.1 The achievement of deep remission through the use of 
medical therapies increases the chance of avoiding irreversible gas-
trointestinal damage, complications, and surgeries.2,3 Despite an 
expanding number of therapies available, anti-tumour necrosis fac-
tor [TNF] agents remain the only biological treatment validated for 
use in paediatric patients with moderate to severe CD.4,5 Despite 
their established effectiveness, there is a primary non-response rate 
of 10–30% and a secondary loss of response rate of 13–40%.6–10 
One new therapeutic option is ustekinumab [UST, Stelara®, Janssen, 
Titusville, NJ, USA]. UST is a human IgG1k monoclonal antibody 
that blocks the activity of interleukin 12/23 through their shared 
p40 subunit.11,12 Clinical trials assessing the efficacy of UST in adults 
with CD have demonstrated up to a 35% clinical response at Week 6 
in patients previously exposed to biological agents.13,14 Among those 
who responded, up to 53% maintained clinical remission at Week 
44.12 However, the use of this medication in paediatric CD has not 
been well studied. Moreover, access to UST in children continues to 
be limited to a compassionate basis.

The majority of the literature on the use of UST in paediatrics 
is in rheumatological or dermatological conditions. A phase 3 clini-
cal trial in adolescents with plaque psoriasis reported a high clinical 
response of up to 80.66%.15 There was no difference in the rate of 
adverse events [AE] between the treatment and placebo groups, the 
most common being infections.15 No randomised clinical trials have 
yet been reported in paediatric CD, although a large randomised 
trial and a prospective study are both ongoing [clinicaltrial.gov ID: 
NCT02968108].16 A few case reports and small case series have been 
published, which observed a clinical response and improvement in 
growth and biomarkers in 50% of patients on UST.17–19 Preliminary 
data from one small prospective paediatric study were also promis-
ing, showing clinical response of 71.4% and clinical remission in 
42.9% at 16 weeks.16

Despite the lack of robust data, UST is being used off-label in 
paediatric patients with CD who are refractory or intolerant to 
conventional biological agents. Our objectives were therefore to: 1] 
assess the effectiveness and safety of UST in paediatric patients with 
medically refractory CD; and 2] try to identify risk factors predicting 
discontinuation of UST.

2. Methods

This retrospective cohort study included all patients less than 
18  years of age who initiated open-labelled UST in four paediat-
ric tertiary care centres. We included consecutive patients who ini-
tiated UST between January 2014 and December 2016 and were 
thereafter followed for at least 12 months or until the medication 
was discontinued [which may have been less than 12 months, when 
they were considered treatment failures]. Data were collected until 
February 2018. Ethics approval for the study was obtained from the 
ethics committee of each centre. Inclusion criteria were UST-treated 
patients who previously failed to respond, lost response, or were 

intolerant to at least one biological treatment. De-identified clinical 
data pertaining to disease phenotype, previous medication history, 
and baseline biochemical markers were extracted from the patients’ 
paper-based or electronic records. The presence of growth failure 
before starting UST was recorded. Growth failure was defined as 
a deceleration in weight or height velocity, crossing of at least one 
major percentile for height or weight on the WHO growth chart. 
Clinical information and laboratory data were collected at UST 
initiation [baseline] and during follow-up at 3- and 12-month vis-
its. Laboratory data included serum C-reactive protein [CRP] and 
albumin. Considering the different assays used to evaluate CRP, we 
considered this serum marker as elevated when the value was more 
than 5 mg/L

2.1. Primary outcome
Disease activity was evaluated using the abbreviated Paediatric 
Crohn’s Disease Activity Index [aPCDAI], a validated clinical score 
that excludes the blood work component of the original PCDAI. 
It was chosen because the erythrocyte sedimentation rate [ESR] is 
not routinely performed in all participating centres. As previously 
described,20 a score of <10 is indicative of clinical remission, 10 to 15 
indicates mild disease, 15 to 25 moderate disease, and over 25 severe 
disease activity. A moderate improvement was defined as a change 
in score ≥15.20 The primary outcome was defined as the percentage 
of patients achieving clinical remission over the first 12 months of 
therapy. Improvement in scores from baseline to 3 were also assessed 
for significance.

2.2. Secondary outcomes
Secondary outcomes included: 1] the rate of clinical response, defined 
as a decrease in aPCDAI ≥15; 2] proportion of patients whose CRP 
normalised; 3] the changes in albumin levels between baseline and 
follow-up visits at 3 and 12 months; and 4] the rate of steroid-free 
remission at 12 months, defined as patients off systemic steroids and 
with an aPCDAI <10. In addition, we assessed changes in height, 
weight, and body mass index [BMI], using Z-scores based on WHO 
standards between baseline and 12 months. All adverse events were 
recorded over the course of the follow-up period.

2.3. Statistical analysis
All statistical analyses were performed using RStudio software [ver-
sion 1.0.136® RStudio Inc,; https://www.rstudio.com/]. A summary 
of categorical data was performed using frequency calculation, and 
percentages and distribution of quantitative data were described 
using medians and interquartile range as appropriate. Changes in 
continuous data for improvement of scores from baseline to 3 and 
12 months assessment points were completed using a linear mixed 
model [LMM] analysis which accounted for missing data and 
compared change over time using a repeated measures analysis of 
variance [ANOVA]. The LMM, used to determine the relationship 
between aPCDAI scores and each time point, included sex and age as 
fixed effects; with random effects being the subjects, albumin levels 
at baseline [normal vs low], frequency of UST administration [q4 vs 
q8 weeks], history of intestinal resection before UST, disease severity 
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at baseline, complicated phenotype, presence of ileocolonic disease 
at baseline, concomitant immunomodulator use, and early response 
to treatment at 3  months. Visual inspection of residual plots was 
used to assess deviations from homoscedasticity and normality; 
p-values were obtained by computing likelihood ratio tests of the 
experimental model [i.e. including the fixed effects as well as the ran-
dom effects] against a null model [i.e. a model in which the continu-
ous variable was predicted only by the random effects]. Differences 
between categorical data at different time points were analysed 
using the McNemar chi square test. Durability of UST treatment 
was analysed using KaplanMeier curves. A p-value of less than 0.05 
was considered statistically significant. A  logistic regression model 
was created to assess predictive variables associated with treatment 
failure, using drug discontinuation as a surrogate. The following 
variables were chosen a priori: age at diagnosis, disease duration, 
low CRP at baseline, disease phenotype, disease location, concurrent 
immunomodulator treatment, cumulative induction dose per body 
weight [mg/kg], frequency of UST administration [q4 weeks vs q8 
weeks]. The C-statistic was use to assess the fit of the model, with a 
value closest to 1 indicating that the model had a good fit and strong 
predictive capacity. Finally, the cumulative rate of adverse events 
associated with UST exposure was calculated on an intent-to-treat 
basis.

2.4. Missing data
We performed an intention-to-treat analysis. For calculation of the 
primary outcome measures, missing data scores were accounted for 
using the LMM analysis for continuous data. Considering that the 
likelihood of a poor outcome was higher in patients with missing 
data, we considered that conventional methods [e.g. latest observa-
tion carried forward, mean imputation, etc.] were not sufficiently 
conservative to determine treatment effect. Patients with missing 
disease activity data were therefore imputed as having active disease 
[worst outcome]. Missing secondary outcomes for continuous vari-
ables were also accounted for using LMM. Albumin was assessed as 
a latest observation carried forward and latest observation carried 
backward, promoting a conservative analysis of no change in status. 
CRP was assessed as dichotomous variable [normal vs elevated] and 
was also imputed as latest observation carried forward, as patients 
with active disease and a normal CRP at study onset were likely 
not able to produce an elevated CRP.21 Finally, steroid exposure was 
considered positive when the information was missing, or UST was 
stopped. Therefore, steroid exposure was evaluated only in patients 
who remained on UST for at least 12 months.

3. Results

3.1. Patient characteristics and UST regimens
From the four hospitals, we identified 44 patients who received UST for the 
treatment of medically refractory CD. Their demographic information is 
summarised in Table 1. All patients failed at least one anti-TNF agent; 12 
patients [27.3%] stopped therapy within the first year of treatment; the 
remainder were followed for at least 12 months. The median observed 
treatment duration on UST was 13 months (interquartile range [IQR] 
10.3–21.3). Both the induction and maintenance doses were administered 
subcutaneously in all patients. In addition, 21 [47.7%] patients were on 
corticosteroids at the initiation of UST. Overall, six different induction 
regimens were used [Table 2]. The most common induction dosing used 
was 90 mg weekly for 3 weeks followed by a maintenance dose of 90 mg 
q8 weeks. All induction protocols were completed within 4 weeks.  

By the time of the latest follow-up, 13/44 [29.5%] patients were dose-
escalated to a maintenance frequency of every 4 weeks, because of per-
sistent symptoms.

3.2. Primary outcome
Four patients [9.1%] had an aPCDAI indicating clinical remission 
at baseline. However, one patient had active disease on colonos-
copy, two had an elevated faecal calprotectin, and one had persis-
tent growth failure despite therapy, which warranted the initiation 
of UST. Clinical remission was achieved in 16/44 patients [36.4%, 
p = 0.006] at 3 months and 17/44 patients [38.6%, p = 0.006] were 
in clinical remission at 12  months [Figure  1]. When applying the 
LMM, visual inspection of residual plots did not reveal any obvious 
deviation from homoscedasticity or normality. The analysis revealed 
a statistically and clinically significant effect of UST (X2[1] = 42.7, 
p = 1.2 × 10–8) with improvement of aPCDAI scores [ ±  standard 
error] by 16.0 ± 2.7 points at 3 months, and 19.6 ± 2.9 points at 
12 months.

Table  1. Demographics and clinical characteristics of paediatric 
Crohn’s disease patients at initiation of ustekinumab [UST]

Patient characteristics n = 44
Male, n [%] 22 [50]
Median age [IQR] at diagnosis [y] 11 [8–13]
Median age [IQR] at initiation of UST [y] 16 [13–17]
Median [IQR] observed duration UST [mo] 13 [10.3–21.3]
Disease location [Paris Classification] n [%]
 L1 3 [6.8]
 L2 20 [45.5]
 L3 21 [47.7]
 L4a 14 [31.8]
 L4b 5 [11.4]
 Perianal 16 [36.4]
Disease phenotype [Paris Classification] n [%]
 B1 32 [72.7]
 B2 9 [20.5]
 B3 3 [6.8]
Growth failure, n [%] 18 [40.9]
Extraintestinal manifestations, n [%] 11 [25]
Previous surgery, n [%] 9 [20.4]
Previous immunomodulators, n [%]
 Azathioprine 33 [75]
 Methotrexate 22 [54.5]
Previous anti-TNF exposure, n [%]
 Infliximab 41 [93.1]
 Adalimumab 29 [65.9]
 Certolizumab 1 [2.3]
 Golimumab 1 [2.3]
Previous anti-integrin exposure, n [%]
 Vedolizumab 3 [6.8]
Other therapies, n [%]
 Thalidomide 2 [4.5]
 Tacrolimus 5 [11.4]
Concomitant immunosuppression, n [%]
 Azathioprine 3 [6.8]
 Methotrexate 10 [22.7]
Steroid exposure at initiation, n [%] 20 [45.5]
aPCDAI [median, IQR] 27.5 [20–40]
Albumin, g/L [median, IQR] 34.5 [32–38.9]
CRP, mg/L [median, IQR] 17 [9.5–25.5]

IQR, interquartile range; y, years; mo, months; TNF, tumour necrosis fac-
tor; aPCDAI, abbreviated Paediatric Crohn’s Disease Activity Index; CRP, 
C-reactive protein.
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Figure 2. Durability of response to ustekinumab over the total follow-up time of the paediatric Crohn disease cohort. Red line: % patients over time; pink box: 
confidence interval.
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Figure 1. Short- and long-term remission and response rates [%] based on abbreviated Paediatric Crohn’s Disease Activity Index [aPCDAI]. Red bar: patients 
with active disease defined as aPCDAI ≥10; green bar: patients in remission defined as aPCDAI <10; blue bar: patients demonstrating clinical response, defined 
as drop in aPCDAI ≥15.

Table 2. Subcutaneous ustekinumab induction regimens used for paediatric Crohn’s disease by the different included medical centres.

90 mg at  
Weeks 0,1,2

90 mg at  
Weeks 0,2,4

90 mg at  
Weeks 0,4

45 mg at  
Weeks 0,1,2

270 mg at Week 0 and 
180 mg at Weeks 1,2

270 mg at Week 0 
and180 mg at Weeks 3,4

Total [%]

Centre A 1 1 5 2 1 10 [23.8]
Centre B 8 1 9 [21.4]
Centre C 7 2 9 [21.4]
Centre D 8 6 14 [33.3]
Total [%] 16 [38.1] 9 [21.4] 6 [14.3] 5 [11.9] 5 [11.9] 1 [2.4]
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3.3. Secondary outcomes
A clinical response was seen in 21/44 [47.8%] patients at both 3 
and 12 months of treatment [Figure 1]. The probability of remaining 
on UST by 12 months was 76.9% (95% confidence interval [CI]: 
65.3–90.6%) [Figure 2].

At study onset, 14 [31.8%] patients had a normal CRP. Among 
the 30 with an elevated baseline CRP, the test normalised in 10 
at 3 months [33.3%, p = 0.004] and in 8/30 [26.7%, p = 0.01] at 
12 months. Ten patients [22.7%] were in clinical remission and had 
a normal CRP at 12 months. The median [IQR] albumin level was 
34.5 g/L [32.0–38.9] at baseline, 36.7 g/L [34.2–41.1] at 3 months, 
and 40.2 g/L [38.0–43.0] at 12 months. LMM analysis of the change 
in albumin levels demonstrated significant increases of 2.7  g/L 
[±0.94, p = 0.0147] at 3 months, and 5.3 g/L [±0.99, p <0.0001] at 
12 months.

Ten patients discontinued UST before 12  months. Looking at 
those who remained on treatment, 13/32 [40.6%] were on a steroid 
at onset of treatment and 5/32 [15.6%] were on a steroid by the end 
of the year [p = 0.06]; 12/44 [27.3%] were in steroid-free remission 
at 12 months.

3.4. Growth
The growth parameters are summarised in Table 3. When imputing 
for missing data, the LMM showed an increase of 0.072 [ ±0.044] 
height Z-scores from baseline to 12 months [p = 0.2441]. There was 
a significant increase of 0.48 [ ±0.13] in weight Z-scores from base-
line to 12 months [p  = 0.0008] and a significant increase in BMI 
Z-score of 0.66 [ ±0.16] from baseline to 12 months [p = 0.0003].

Before UST treatment, 18/44 patients [40.9%] were identified 
as having growth failure. After imputation by LMM, we found a 
significant increase in weight Z-scores of 0.81 ± 0.19 [p = 0.0001] 
from baseline to 12 months for patients who initially were quali-
fied as having growth failure. However, although the mean weight 
Z-score of patients without growth failure increased by 0.25 ± 16, 
that change was not significant [p  =  0.62]. Both groups did not 
significantly increase in height Z-score over the first 12 months of 
treatment, with the group with growth failure gaining 0.16 ± 0.07 
[p = 0.17], and those without growth failure gaining 0.003 ± 0.057 
[p  =  1.0]. The mean BMI Z-score significantly increased by 
1.11 ± 0.25 [p = 0.0004] for patients with growth failure at onset, 
but the increase in patients who had no growth failure was not sig-
nificant [0.34 ± 0.20, p = 0.55].

The mean Z-score values for each of the growth parameters 
were compared at baseline and at 12 months between the growth 
failure and no growth failure groups. Comparing the two groups 

with each other, there was a significant difference in mean height 
Z-scores of 1.62 ± 0.36 [p = 0.0007] at baseline and of 1.46 ± 0.36, 
p = 0.0027 at 12 months between the two. Although their weight 
was significantly different at baseline [1.73 ± 0.39, p = 0.0006], the 
mean weight Z-scores of the two groups were not statistically differ-
ent at 12 months [1.18 ± 0.40, p = 0.053]. Similarly, the difference 
in mean BMI Z-scores, which were statistically different at baseline 
[1.18  ±  0.38, p  =  0.0294], decreased at 12  months [0.42  ±  0.40, 
p = 0.9035]. This may imply some catch-up weight gain in the group 
with growth failure.

3.5. Adverse events
A serious adverse event was reported in two patients who received 
only one induction dose of UST, though the association with the med-
ication was not clear. One patient developed a perianal abscess and 
the other had worsening of both chronic recurrent multifocal osteo-
myelitis and cutaneous psoriasis. There were mild adverse events in 
six others who continued UST treatment after the induction period. 
Two patients reported migraines, after 1 and 3 months on treatment. 
Two others reported flares of scalp psoriasis. A fifth patient reported 
non-persistent bilateral feet paraesthesia after 3  months on treat-
ment. The sixth patient reported symptoms consistent with chronic 
rhinitis. The rate of adverse events was 12.4 per 1000 patient-
months of follow-up. During the study period, 13/44 [29.5%] of 
patients ceased UST during the maintenance phase, in a median time 
of 13 months [IQR 10.3–21.3 months]. Adverse events were not the 
cause of medication cessation during the maintenance phase. Rather, 
they all discontinued UST due to poor clinical response. Four [9.1%] 
patients required surgery during the follow-up period, two of whom 
continued on UST therapy in the postoperative period.

3.6. Factors associated with the risk of UST failure
A multivariate logistic regression was calculated to evaluate the 
predictors of failure of UST, using discontinuation as a surrogate. 
The C-statistic of the model as described above was 0.90. A higher 
induction dose per body weight [mg/kg] was protective against 
drug discontinuation (odds ratio [OR] = 0.53, 95% CI 0.27–0.84). 
However, disease duration, use of combination therapy with an 
immunomodulator, a complicated disease phenotype [either strictur-
ing or fistulising disease], ileocolonic disease, age at diagnosis, high 
CRP at baseline, and disease activity were not significant predictors 
of medication discontinuation. The result of the logistic regression is 
summarised in Table 4.

Table 3. Summary of growth parameters, expressed as Z-scores, 
at baseline and at 12 months.

Baseline 12 months

Height, whole cohort [IQR] -0.68 [-1.95–0.23] -0.82 [-1.95–0.27]

Weight, whole cohort [IQR] -0.61 [-2.16–0.31] -0.05 [-1.48–0.69]
BMI, whole cohort [IQR] -0.66 [-1.61–0.38] 0.18 [-0.63–1.04]
Height, growth failure [IQR] -1.74 [-2.47–-0.87] -1.73 [-2.21–-0.95]
Weight, growth failure [IQR] -1.76 [-2.61–-1.25] -0.84 [-1.75–-0.21]
BMI, growth failure [IQR] -1.56 [-2.05–-0.43] 0.10 [-0.59–1.26]
Height, no growth failure 
[IQR]

-0.10 [-0.68–0.64] -0.09 [-1.28–0.45]

Weight, no growth failure 
[IQR]

0.07 [-0.61–0.59] 0.29 [-0.97–1.04]

BMI, no growth failure [IQR] -0.10 [-0.85–0.67] 0.21 [-0.38–0.96]

IQR, interquartile range; BMI, body mass index.

Table 4. Odds ratios [OR] associated with element of multivariate 
logistic regression to determine factors predictive of treatment 
failure with ustekinumab [UST].

OR 95% confidence  
interval

p-Value

Total induction dose [mg/kg] 0.53 0.28–0.84 0.0211
Disease duration [years] 1.25 0.76–2.19 0.3960
Concurrent immunomodulator 0.87 0.05–13.24 0.9223
Complicated phenotype 0.04 0.0004–0.75 0.0764
Ileocolonic disease 0.36 0.034–2.87 0.3512
Older age at diagnosis 0.87 0.54–1.34 0.5318
Elevated C-reactive protein at 
baseline

0.53 0.06–4.34 0.5496

Increased disease activity 0.97 0.89–1.06 0.5285
UST given q4weeks 0.23 0.02–1.52 0.1516
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4. Discussion

This paediatric study on the use of UST provides evidence for 
favourable response and remission rates in cases of CD refractory 
to conventional biological agents. Nearly 40% of the cohort reached 
clinical remission at 12 months, with a significant drop in aPCDAI 
of nearly 20 points at 12 months. Furthermore, for the subgroup 
of children identified as having growth failure at the onset of UST, 
weight and BMI Z-scores significantly improved at 12 months.

To date, this report is the largest study on the use of UST in 
paediatric CD. A systematic search revealed only six reported cases, 
with similar findings to our study.16–19 Among these, three of six 
reached clinical remission with improvement in biochemical profiles, 
whereas the other three did not improve. Two of the three patients 
who attained clinical remission also had a significant improvement 
in growth. This is similar to our findings of significant improvement 
in weight and BMI for the whole cohort and for children initially 
presenting with growth failure at the beginning of therapy, who 
caught up with their peers after a year on treatment. Similarly, pre-
liminary results of a prospective study of UST use in 25 children, 
using intravenous induction, demonstrated a clinical response of 
52% at Week 6 and 45% at latest follow-up.16

The results of our study show a slightly lower response rate than the 
real-world experience of the use of subcutaneous UST in the manage-
ment of refractory CD in adults.22,23 Wils et al.22 assessed the effective-
ness of UST in a large multicentre retrospective cohort study in adults. 
They found that 65% experienced a clinical benefit at 3 months. The 
probability of maintaining the clinical benefit was 93% at 6 and 68% 
at 12 months. In a study from a single tertiary centre, Kopylov et al.24 
reported a response rate of 73.6% after induction, with 64.5% still 
responding at 6 months. Patients had a loss of response rate of 35%, 
with a median time to loss of response of 47.4 weeks.

In the cohort of UST responders, we found that CRP and albu-
min significantly improved at both 3 and 12 months’ follow-up. This 
was also observed for CRP in the UNITI 1/2 and IM-UNITI trials.13 
A retrospective study in adults showed a decrease in CRP in 95% of 
patients with CD responding to subcutaneous UST, and CRP nor-
malised in 41% of them.22 Similarly, Kopylov et al. found that CRP 
decreased in all clinical responders who had elevated pre-treatment 
levels of this biomarker.24 As most of the patients in this latter cohort 
had colonic involvement and a protein-losing enteropathy, it was 
reassuring to note that their albumin levels normalised on UST. This 
is particularly relevant since we did not have enough stool samples 
to reliably analyse change in faecal calprotectin, a surrogate marker 
of luminal disease activity.25

As in retrospective adult CD trials with UST, there were a num-
ber of different induction regimens used for this cohort. In adult 
patients, the induction schedule and dosing did not impact on UST 
response rates.22,24,26,27 In the study by Wils et al., 13 different induc-
tion regimens were used, the most common being 90  mg of UST 
given at Week 0 and Week 4 in nearly half of the cohort. They did 
not find a significant association between induction regimen and 
clinical outcome at 3 months.22 However, using a multiple logistic 
regression, the total induction dose for our paediatric patients was 
significantly associated with the rate of medication discontinuation. 
A higher dose at induction was associated with a lower discontinu-
ation rate. In clinical practice, one might mistakenly consider UST 
ineffective when in fact the patient is under-dosed. This highlights 
the importance of optimising the induction dose for the patient’s 
weight, and why a weight-based intravenous induction regimen may 
be more effective than the subcutaneous regimen. Further studies 
are important to determine the optimal dose in paediatric patients.

In this study, 30% of the patients discontinued the medication, 
used as a surrogate for failure. Aside from Harris et al., who reported 
a low rate [6%] of medication discontinuation, our paediatric cohort 
was comparable to other adult CD studies.25–28 Using multiple logis-
tic regression analysis, the total induction dose adjusted for weight 
[mg/kg] was the only significant variable protective against the dis-
continuation of UST [OR 0.5 95% CI = 0.06–4.3]. Disease pheno-
type, location, and activity, as well as use of combination therapy 
were not predictive of treatment failure. These results slightly con-
trast with adult reports, where induction dose and regimen were not 
significant predictors of response or medication discontinuation. 
Neither were disease location, baseline CRP, concomitant use of cor-
ticosteroids, and patient weight. However, these studies did show 
that disease severity at induction (HarveyBradshaw Index [HBI] >7) 
and stricturing phenotype predicted loss of response.26,27

The favourable safety profile of UST in our paediatric cohort is 
in agreement with the adult data on UST for psoriasis and CD.26,28,29 
Headache was the most common side effect in this study, as was 
reported in the CERTIFI adult study.12 Viral infections of the upper 
respiratory tract, often cited as a common side effect, were not seen 
in our paediatric patients.22,27,29 Neuropathic pain, similar to the 
paraesthesia seen in one of our patients, was also reported in one 
adult.26 Some patients from the current cohort had flares of psoriasis. 
Similarly, psoriasis has been reported as a side effect in adult patients, 
usually without having to discontinue therapy.30–32 In one paediatric 
prospective study, three patients experienced side effects, two having 
fistula or abscess and the third experiencing severe fatigue. Only one 
of these three patients had to discontinue UST.16

There are several limitations concerning this study. One is the ret-
rospective design. However, our data are similar to the results of adult 
retrospective studies and randomised clinical trials.14,24 Endoscopies 
to demonstrate mucosal healing or routine faecal calprotectin as 
a surrogate marker are lacking. However, clinical response indices 
and biochemical markers [CRP, albumin], as well as assessment of 
weight and BMI Z-scores reported, are important indicators of satis-
factory response in our paediatric patients. This is especially relevant 
in patients who had previously had growth failure. Although this 
is the largest reported paediatric CD cohort treated with UST, the 
sample size is comparatively limited. Large prospective, randomised 
controlled studies using different dosing regimens are necessary to 
better define the optimal effect of UST on clinical response, mucosal 
healing, and growth in paediatric patients. The different induction 
regimens used in this study add some heterogeneity to the treat-
ment strategies. When standardised by weight, our results demon-
strate the merit of higher induction dosing, supporting the use of 
an intravenous [IV] 6 mg/kg induction, as was done in both pro-
spective study and randomised controlled trials. [16, clinicaltrial.
gov ID: NCT02968108] The use of therapeutic drug monitoring 
was recently found to help optimise outcomes of UST in adult CD.33 
Further research is needed to assess the best induction regimen in 
paediatric CD and the potential utility of drug monitoring.

In conclusion, subcutaneous UST was found to be effective in 
inducing remission in 38% and achieving a response in another 48% 
of a cohort of paediatric patients with CD refractory to anti-TNF 
therapy. Over the course of therapy, there was an improvement in 
clinical activity scores, biochemical markers of disease activity, and 
growth parameters. This medication was well tolerated overall, and 
serious adverse events were rare. Based on the results of this study, 
subcutaneous UST administration should be considered a viable and 
effective therapeutic option for paediatric patients who are refrac-
tory to traditional biologicals.
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