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ABSTRACT

Objective In newly diagnosed paediatric patients with
moderate-to-severe Crohn’s disease (CD), infliximab
(IFX) is initiated once exclusive enteral nutrition (EEN),
corticosteroid and immunomodulator therapies have
failed. We aimed to investigate whether starting first-line
IFX (FL-IFX) is more effective to achieve and maintain
remission than conventional treatment.

Design In this multicentre open-label randomised
controlled trial, untreated patients with a new
diagnosis of CD (3—17 years old, weighted Paediatric
CD Activity Index score (WPCDAI) >40) were assigned
to groups that received five infusions of 5 mg/kg

IFX at weeks 0, 2, 6, 14 and 22 (FL-IFX), or EEN

or oral prednisolone (1 mg/kg, maximum 40 mg)
(conventional). The primary outcome was clinical
remission on azathioprine, defined as a wPCDAI <12.5
at week 52, without need for treatment escalation,
using intention-to-treat analysis.

Results 100 patients were included, 50 in the FL-IFX
group and 50 in the conventional group. Four patients
did not receive treatment as per protocol. At week 10,

a higher proportion of patients in the FL-IFX group than
in the conventional group achieved clinical (59% vs
34%, respectively, p=0.021) and endoscopic remission
(59% vs 17%, respectively, p=0.001). At week 52,

the proportion of patients in clinical remission was not
significantly different (p=0.421). However, 19/46 (41%)
patients in the FL-IFX group were in clinical remission on
azathioprine monotherapy without need for treatment
escalation vs 7/48 (15%) in the conventional group
(p=0.004).

Conclusions FL-IFX was superior to conventional
treatment in achieving short-term clinical and endoscopic
remission, and had greater likelihood of maintaining
clinical remission at week 52 on azathioprine
monotherapy.

Trial registration number ClinicalTrials.gov Registry
(NCT02517684).

Significance of this study

What is already known on this subject?

» Crohn's disease is an incurable, debilitating IBD
that presents during childhood or adolescence
in 8% of all patients with Crohn's disease.

» In adult patients with Crohn'’s disease, early
infliximab (IFX) treatment has shown to
affect the natural course of the disease,
with a decrease in the occurrence of disease
complications.

» Although corticosteroids are known to
negatively impact growth and development
in children and adolescents, IFX is
currently reserved for corticosteroid and
immunomodulator refractory paediatric Crohn’s
disease.

What are the new findings?

» Ten weeks after start of therapy, the proportion
of children in clinical and endoscopic remission
is significantly higher in the group treated with
first-line IFX than in the group that received
exclusive enteral nutrition or prednisolone
(conventional treatment).

» First-line IFX treatment is superior in achieving
clinical remission on azathioprine monotherapy
at 1year without the need for corticosteroids
or further biologics. A significant proportion of
children in the conventional treatment group
received an additional course of corticosteroids.

» Despite the possibility to escalate to treatment
with IFX, the group that received conventional
treatment shows poorer growth at 1 year.

INTRODUCTION

In newly diagnosed paediatric patients with
Crohn’s disease (CD), rapid disease control is
desirable, but this outcome is not always achieved
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Significance of this study

How might it impact on clinical practice in the foreseeable

future?

» This study, being the first randomised controlled trial that
investigates the effectiveness of first-line IFX in therapy-naive
paediatric patients with Crohn'’s disease, argues that children
with moderate-to-severe Crohn's disease would benefit from
first-line IFX treatment.

» Considering the detrimental impact of an insufficiently
effective treatment strategy on growth, development and
school attendance of these children and adolescents, a
maximally effective therapy from diagnosis onwards is highly
desired. This study provides evidence for starting IFX therapy
in children with newly diagnosed moderate-to-severe Crohn’s
disease.

with current treatment strategies. The European Society
of Paediatric Gastroenterology, Hepatology and Nutrition
consensus guideline recommends starting with exclusive
enteral nutrition (EEN) or oral corticosteroids for induction of
remission in conjunction with immunomodulator maintenance
treatment. Infliximab (IFX), an anti-tumour necrosis factor
alpha (TNF-0) agent, is increasingly being used in paediatric
patients with CD refractory to steroids and/or immunomod-
ulators and results in high-sustained remission rates.’ IFX is
started if response to the conventional treatment strategy case
is inadequate.”

In many paediatric patients with CD, however, particularly
in those with moderate-to-severe CD, mucosal healing and
sustained clinical remission are not achieved with conventional
treatment.’ First-line IFX (FL-IFX) is mentioned in the current
paediatric CD treatment guidelines as the preferred strategy only
for patients with CD with active perianal fistulising disease and
those at risk of disabling disease.>* It has already been suggested
by several observational studies, however, that primary IFX
therapy may be very effective in inducing and maintaining
clinical remission in paediatric patients with luminal CD.>” A
randomised controlled trial (RCT) in adult patients with CD
who had recently been diagnosed showed that early treatment
with TFX in combination with immunomodulators was more
effective than conventional treatment with corticosteroids, but
an RCT in therapy-naive patients has not been performed.® As
paediatric-onset CD often presents with a more severe pheno-
type of disease than adult-onset CD,” this suggests that paedi-
atric patients with CD may benefit even more from an FL-IFX
strategy by preventing accumulating damage due to chronic
uncontrolled inflammation.'® If mucosal healing can be achieved
by establishing early control of inflammation, sustained clinical
remission will be attained and development of complications
such as strictures and perforations may be prevented in these
paediatric patients.

We hypothesise that induction of remission with FL-IFX in
moderate-to-severe paediatric patients with CD results in higher
early clinical and endoscopic remission rates, and superior rate
of clinical remission maintenance on azathioprine (AZA) mono-
therapy compared with conventional treatment. Therefore, we
aim to compare the efficacy of FL-IFX treatment with conven-
tional treatment in newly diagnosed patients with moderate-to-
severe paediatric CD.

Table 1 Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Patient is 3—17 years of age Indication for primary surgery

Patient presents with new- Symptomatic stenosis or stricture in the bowel due
onset untreated CD according  to scarring

to the revised Porto criteria®
wPCDAI >40 at baseline

Body weight >10kg at
baseline

Active perianal fistulas

Presence of a serious comorbidity, such as
infection, sepsis, opportunistic infection, positive
stool culture (Salmonella enterica, Shigella spp,
Yersinia enterocolitica or Campylobacter spp),
positive Clostridium difficile toxin assay or positive
tuberculosis screening

Presentation with suspected or definite pregnancy
Already using CD-specific therapy

CD, Crohn'’s disease; wPCDAI, weighted Paediatric Crohn’s Disease Activity Index.

METHODS

Study design and participants

We designed an investigator-initiated international open-label
RCT in adherence to the Consolidated Standards of Reporting
Trials statement. The trial was performed in 12 hospitals in three
European countries (the Netherlands, Croatia and Finland). The
study protocol was published.!" Inclusion and exclusion criteria are
defined in table 1.

It was aspired to enrol patients as soon as possible following
diagnostic endoscopy. After CD diagnosis had been established
and eligibility criteria had been met, written informed consent was
obtained from the patient (if =12 years) and both parents and/or
guardians.

Randomisation and masking

Included patients were stratified by centre and equally
randomised into two treatment groups with a validated vari-
able block randomisation model, incorporated in the web-based
database used for this trial (Castor Electronic Data Capture).'?
Allocation was concealed for all participants and healthcare
providers. Participants were randomly assigned to the experi-
mental FL-IFX group or to the control group, referred to as the
conventional treatment group. Participants, investigators and
healthcare providers were not masked to treatment allocation.

Procedures

The FL-IFX group received five intravenous IFX (Inflectra, CT-P13)
infusions of 5 mg/kg induction at weeks 0, 2 and 6, followed by
two maintenance infusions every 8 weeks. This was combined with
oral AZA as maintenance treatment (once daily, dosed 2-3 mg/kg),
which was initiated on the day induction treatment was started
(figure 1). Conventional treatment consisted of standard induction
treatment with either EEN (polymeric feeding for 6-8 weeks, after
which normal diet was gradually reintroduced within 2-3 weeks) or
oral prednisolone (for 4 weeks 1 mg/kg daily with a maximum of
40 mg, followed by tapering down to 5 mg per week until stop).>
Whether patients received induction treatment with EEN or pred-
nisolone was based on patient preference, in accordance with the
treating physician. Patients and parents were informed about all
treatment options prior to randomisation. The choice between EEN
and prednisolone was made after being assigned to the conven-
tional treatment group. Similar to the FL-IFX group, both EEN and
prednisolone were combined with oral AZA as maintenance treat-
ment (2-3 mg/kg, once daily) in the conventional treatment group.
AZA dosing was halved in case of thiopurine methyl transferase
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Figure 1

(TPMT) heterozygosity. As part of clinical care, AZA metabolites
(6-thioguanine nucleotides and 6-methylmercaptopurine) were
measured around the time of induction treatment cessation, and
complete blood counts were performed weekly in the first month,
monthly in the second and third months, and thereafter once every
3 months (online supplemental table 1). In both groups, metho-
trexate was the second choice immunomodulator, only prescribed
in the event of low or absent TPMT activity or side effects of AZA.

In both groups, data were collected prior to start of induction
therapy, at weeks 6, 10, 14, 22 and 52. At each visit, weighted Paedi-
atric Crohn’s Disease Activity Index (WPCDAI) was determined,
blood was obtained for routine laboratory analysis and serum
samples were collected (in conventionally treated patients at start,
week 10 and week 52). SD scores (SDS) adjusted for sex and age
were used to evaluate linear growth. The height-for-age SDS were
calculated with the Growth Analyser Research Calculation Tool,
based on the Dutch national reference standards for all patients
included in the Netherlands and the WHO growth reference stan-
dards for all patients included in other countries.'* Target height and
target height SDS were calculated.” Endoscopy (ileocolonoscopy)
was performed prior to start of treatment, at week 10, and option-
ally at week 52. During endoscopy, the Simple Endoscopic Score for
Crohn’s Disease (SES-CD) was used to evaluate endoscopic remis-
sion,'® which was defined as a SES-CD score <3. A single reader,
blinded for both assigned treatment and time point, evaluated and
rescored all endoscopic still images available by using the physician
global assessment endoscopy score,'” to check interobserver vari-
ability between paediatric gastroenterologists (r=0.661, p>0.001).
The SES-CD score was used for analyses regarding endoscopic
findings. Faecal samples were collected for faecal calprotectin level
measurement prior to start of treatment, at week 10 and at week
52. Faecal calprotectin levels were assessed in the Erasmus Medical
Centre with ELISA (CALPRO assay). When faecal samples were
missing, faecal calprotectin levels determined in the local hospital at
this time point were used, which accounted for 15% of all samples.
A faecal calprotectin level <100pug/g was defined as biochemical
remission.'® In patients =9 years old, quality of life (QOL) was
assessed with the validated IMPACT III questionnaire. Scores range
from 0 to 100, with a higher score indicating a better QOL."

In case of non-response or absence of response (response being
a decrease in wPCDAI of >17.5 points), the treatment advice for
FL-IFX-treated patients was to shorten the IFX dosing interval to
6 weeks and/or to double the dose to 10 mg/kg. In accordance
with clinical practice, clinicians could perform reactive therapeutic
drug monitoring (TDM) to guide this decision. Initiation of IFX
treatment was advised for conventionally treated patients. To
guide clinical decision-making for treatment escalation, secondary
loss of response was defined either by an increase of the wPCDAI
with >17.5 points or by a total WPCDAI score >40 after response
had been achieved. If FL-IFX-treated patients were not in clinical

Trial design. Illustration of treatment procedures in this trial. EEN, exclusive enteral nutrition; IFX, infliximab.

remission at week 22, it was recommended to continue the IFX
infusions as standard care, instead of stopping after five infusions.
Patients requiring such extended IFX therapy were considered
treatment failures in intent-to-treat analysis of outcomes following
five doses of FL-IFX. If FL-IFX-treated patients had loss of response
during AZA monotherapy, it was advised to check AZA metab-
olite levels to assess optimal treatment. Contingent on optimal
AZA metabolite levels, it was advised to restart [FX maintenance
therapy every 8 weeks, also meaning treatment failure. Conven-
tionally treated patients with loss of response during AZA mono-
therapy were advised to step up to IFX therapy after checking AZA
metabolites and optimising its dosing in case of suboptimal levels.
In addition to these guidelines, in patients without response, loss of
response or intolerance to treatment, changes in treatment could
be made according to the physician’s discretion.

Outcomes

Primary outcome

The primary outcome of this study was clinical remission,
defined as wPCDAI <12.5 at week 52, without need for treat-
ment escalation. Any additional CD-related therapy or surgery
during the 52 weeks was considered treatment escalation.

Definition of treatment escalation

Additional CD-related therapy in the FL-IFX group included
(1) any course of corticosteroids, (2) increase of the IFX dose,
(3) shortening of the IFX treatment interval, (4) continuation
or restart of IFX after the standard five infusions, or (5) start
of another biological agent. Additional CD-related therapy in
the conventional treatment group included initiation of IFX and
any course of corticosteroids that was additional to the standard
treatment described in the previous section.

Secondary outcomes

Secondary outcomes included time-to-treatment escalation from
start of induction and clinical disease activity scores over time.
At week 10, clinical remission rate, endoscopic remission rate
and faecal calprotectin level were assessed. QOL was evaluated
at week 14. At week 52, the following outcomes were assessed:
(1) additional corticosteroid use, (2) need for treatment esca-
lation, (3) linear growth, (4) clinical remission rate, (5) endo-
scopic remission rate, (6) faecal calprotectin level, (7) QOL and
(8) rate of adverse events. An adverse event was defined as any
undesirable experience occurring to a subject during the study,
whether or not it was considered to be related to the investiga-
tional product or the experimental treatment.

Statistical analysis
Based on published studies reporting effectiveness of FL-IFX
treatment and early IFX use® in paediatric patients with CD, a
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power calculation was performed.” ?° Based on these studies a
clinical remission rate of 60% in conventionally treated patients
and 85% in FL-IFX-treated patients was expected. One-hundred
patients (50 in each arm, considering a drop-out rate of 29%)
were required to find this 25% difference in clinical remission
at week 52 with a power of 80% (two-sided o 0.05)."" Data
were analysed on an intention-to-treat basis. Safety analyses
were based on the actual treatment patients received (ie, per
protocol). Continuous variables were presented as medians and
IQRs, and compared with the Mann-Whitney U test. Categorical
variables were presented as absolute frequencies and percent-
ages and compared by the X? test or the Fisher exact test. The
Wilcoxon signed rank test was used to compare height-for-age
SDS at different time points within one treatment group. SES-CD
scores with a missing ileum subscore due to the endoscopist’s
failure to intubate the terminal ileum were included in the anal-
ysis to evaluate endoscopic remission. The median faecal calpro-
tectin levels and SES-CD scores were subject to right censoring.
To correct for this, medians of faecal calprotectin levels and
SES-CD scores were calculated using the Kaplan-Meier method,
and treatment groups for these outcomes were compared using
the log-rank test. The multiple imputation method was used for
missing erythrocyte sedimentation rate (ESR) levels (14.8%),
missing albumin levels (10.5%) and missing faecal calprotectin
levels (10.9%) in order to calculate biochemical remission rate.
Twenty complete datasets were created for multiple imputation.
For the primary outcome, no imputation was performed as <5%
of data were missing. The time-to-treatment escalation outcomes
were analysed using the Kaplan-Meier method. A paired analysis
was performed for the linear growth. The mean clinical disease
activity score over time was calculated with a linear mixed model,
including the assigned treatment as a fixed effect and intercept
as random effect. Random slopes were tested but not included.
All analyses were performed based on a significance level of 0.05.
Calculations were performed using IBM SPSS Statistics V.24.0.

RESULTS

Patients were recruited between 7 April 2015 and 19 November
2018. A total of 195 patients were screened for eligibility in this
trial. One hundred patients were randomly assigned to FL-IFX
(n=50) or conventional treatment (n=50) (figure 2). One patient
in the conventional treatment group did not receive the study treat-
ment she had been assigned to. Based on ethical considerations,

‘ Assessed for eligibility (n=195) ‘

she received the same (FL-IFX) treatment as her monozygotic twin
sister, who had been included in this study previously. Two patients
declined participation after randomisation, prior to the start of
treatment. In the FL-IFX group, one patient was initially misclassi-
fied as CD, and this diagnosis was adjusted to ulcerative colitisat a
later stage of the study. This patient, therefore, was excluded from
all analyses. Patient and disease characteristics at baseline were
similar between treatment groups (table 2).

The median time between diagnostic endoscopy and start of
treatment for all included patients was 8 days (IQR 4-14). Twenty-
seven patients (56%) in the conventional treatment group received
EEN as primary induction therapy, while 20 patients (42%) received
prednisolone (online supplemental table 2A).

Efficacy of induction therapy

Ten weeks after start of induction therapy, significantly more
FL-IFX-treated patients than conventionally treated patients
were in clinical remission (59% (24/41) vs 34% (15/44),
p=0.021). Fifty-seven patients (27 FL-IFX and 30 conven-
tional), with similar baseline characteristics (online supple-
mental table 2B), underwent endoscopy at week 10. A higher
proportion of patients in the FL-IFX group achieved endoscopic
remission (16/27 (59%) vs 5/30 (17%), p=0.001, table 3) and
median SES-CD scores were lower in the FL-IFX group (3 (IQR
0-5) vs 9 (IQR 3-19), p=0.005). In addition, the proportion of
patients with a faecal calprotectin level <100 pg/g was higher in
the FL-IFX group, and C reactive protein, ESR and leucocyte
levels were lower (table 3).

Treatment course

The mean wPCDAI score at all time points, corrected for
repeated measurements, was lower in the FL-IFX group than
in the conventional treatment group, although not significantly
different (9.8 vs 14.2, respectively, p=0.07) (online supple-
mental figure 1). During the 52 weeks of follow-up, 43% of
patients (95% CI 30% to 57%) in the FL-IFX group and 75%
of patients (95%CI 60% to 86%) in the conventional treat-
ment group needed treatment escalation (p=0.001, figure 3A).
Disease activity scores and level of inflammatory markers at 10
and 14 weeks after induction treatment were higher in those
who received treatment escalation than in those who did not
(online supplemental table 3).

Excluded (n=95)

Enrolment

« Unknown (n=3)
« Other (n=9)

« Not meeting inclusion criteria (n=62)

+ Declined to participate (n=21)

‘ Randomised (n=100)

|

Allocated to FL-IFX group (n=50) .

Allocation

« Received allocated intervention (n=50)

Allocated to conventional treatment group (n=50)
« Received allocated intervention (n=47)
« Did not receive allocated intervention (n=3)

- Received FL-IFX treatment (n=1)
- Consent withdrawal after randomisation (n=2)

Discontinued intervention (n=1)
« Diagnosis UC (n=1)

|

Follow-up

Analysis

Analysed in FL-IFX group (n=49) .

Analysed in conventional treatment group (n=50)

Figure 2  Trial profile. Flow chart of screened, randomised and treated patients. FL-IFX, first-line infliximab treatment.
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Table 2 Baseline characteristics per treatment group

FL-IFX (n=49) Conventional (n=50)
Age at diagnosis (years) 15.1 (11.9-16.6) 14.1 (11.3-16.1)
Male sex (n) 24 (49.0%) 27 (54.0%)
Height (cm) 166 (154-175) 161 (143-170)
Height-for-age (SDS) —0.07 (-0.84 t0 0.76) —0.53 (-1.06 to 0.26)
Weight (kg) 47.3 (36.8-57.1) 44.7 (30.3-55.0)
Tanner stage 4 (2-5)* 3 (1-4)*
wPCDAI 57.5 (47.5-67.5) 57.5 (47.5-73.8)
CRP (mg/L) 32.0 (11.5-46.5) 38.0 (22.0-65.9)
ESR (mm/hour) 35.0 (26.0-47.5) 32.0 (21.5-52.0)t
SES-CD 18.0 (11-26)t 18.0 (9-23)
Leucocytes (10°L) 8.2 (7.3-10.7) 9.1 (6.8-11.9)

Faecal calprotectin (pg/g)
Perianal diseaset
Paris classification
Age at diagnosis (years)
<10
10-17
17-40
Disease location
L1
L2
L3
Isolated L4
Upper disease location
No upper Gl
L4a
L4b
Disease behaviour
B1
B2
B3
B2B3
Growth delay
Time between diagnostic endoscopy and start of treatment (days)

1114 (763-1869)
5 (10%)

1086 (592-1661)
9 (18%)

4 (8%) 9 (18%)
39 (80%) 37 (74%)
6 (12%) 4 (8%)
12 (25%) 11 (22%)
11 (22%) 12 (24%)
25 (51%) 27 (54%)
1 (2%) -

29 (59%) 25 (50%)
19 (39%) 21 (42%)
1 (2%) 4 (8%)
46 (94%) 43 (86%)
3(6%) 7 (14%)
0 (0%)t 2 (4%)

9 (5-14) 7 (2-14)

Data are presented as n (%) or median (IQR).

Baseline characteristics were not significantly different between treatment groups.
*>1 missing data point.

tOne missing data point.

tPerianal disease comprised inactive fistula, skin tags or anal fissures.

CRP, C reactive protein; ESR, erythrocyte sedimentation rate; FL-IFX, first-line infliximab; SDS, SD score; SES-CD, Simple Endoscopic Score for Crohn’s Disease; wPCDAI, weighted

Paediatric Crohn’s Disease Activity Index.

FL-IFX treatment
Twenty-one patients in the FL-IFX group needed treatment
escalation. Twelve (24.5%) continued IFX therapy after the five

Table 3  Findings at 10 weeks after start of induction therapy in the
first-line IFX group versus the conventional treatment group

First-line IFX Conventional P value
Fcal (ug/g), median (IQR) 286 (62-596) 545 (279-1108) 0.004
Patients with Fcal <100pg/g,  13/39 (33) 5/38 (13) 0.036
n (%)
CRP (mg/L), median (IQR) 2.0(0.8-3.2) 8.4 (2.0-23.8) <0.001
ESR (mm/hour), median (IQR) 6.5 (3.0-17.3) 17 (8.0-33.0) 0.003
Total leucocyte count (10%L), 5.5 (4.8-7.1) 7.3 (5.9-9.3) 0.001

median (IQR)

CRP, C reactive protein; ESR, erythrocyte sedimentation rate; Fcal, faecal
calprotectin; IFX, infliximab.

per-protocol infusions (table 4A and figure 3B). Twenty-eight
patients did not need treatment escalation.

Based on reactive TDM 2/49 patients received dose escala-
tion within the first 22 weeks. None of the seven patients that
restarted IFX experienced side effects or needed to stop within
the first year of follow-up.

Conventional treatment

As depicted in figure 3B, 40% of conventionally treated patients
were already escalated to a second course of corticosteroids
(199%) or IFX (219%) at week 14. Twenty patients received one
or more courses of corticosteroids on top of the per-protocol
use within the first year (table 4B). This resulted in extra corti-
costeroid use for a median duration of 67 days (IQR 53.3-72.3)
in these patients. None of the patients received an extra EEN
course. Thirty-six patients in the conventional treatment group
needed treatment escalation.
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Figure 3  Proportion of patients who needed treatment escalation.

(A) Kaplan-Meier estimates of the time-to-treatment escalation after
start of therapy. Any additional CD-related therapy or surgery during the
52 weeks was considered treatment escalation. Additional CD-related
therapy in the FL-IFX group included: (1) any course of corticosteroids,
(2) increase of the IFX dose, (3) shortening of the IFX treatment interval,
(4) continuation or restart of IFX after the standard five infusions or (5)
start of another biological agent. In the conventional treatment group,
additional CD-related therapy included start of IFX and any course

of corticosteroids that was additional to the standard treatment. (B)
Proportion of patients receiving each treatment option from 10 weeks
onwards, depicted per randomised group. AZA, azathioprine; CD, Crohn’s
disease; CS, corticosteroid; FL-IFX, first-line infliximab.

Findings after 1-year follow-up

At week 52, the primary outcome of clinical remission without
need for treatment escalation was reached in more FL-IFX-
treated patients than in conventionally treated patients. In partic-
ular, 19/46 (41%) of the FL-IFX-treated patients were in clinical
remission without need for treatment escalation, vs 7/48 (15%)
of the conventionally treated patients (figure 4). This resulted in
a 269 absolute difference (95% CI 0.18% to 0.35%, p=0.004).

Table 4A  Type of treatment escalation in the FL-IFX treatment group
within 52 weeks

Number of patients needing treatment escalation in the FL-IFX group, per-
treatment escalation type

Continuation of IFX after five infusions; n (%) 12/49 (24.5)

Restart anti-TNF therapy; n (%) 7149 (14.5)
Infliximab; n 6
Adalimumab; n 1

Corticosteroid course; n (%) 2/49 (4)

FL-IFX, first-line infliximab; TNF, tumour necrosis factor.

Table 4B  Type of treatment escalation in the conventional treatment
group

Number of patients needing treatment escalation in the conventional group,
per-treatment escalation type

Intensification to IFX; n (%) 16/48 (33)
Additional corticosteroids followed by IFX; n (%) 13/48 (27)
One or more courses of corticosteroids; n (%) 7148 (15)

IFX, infliximab.

Irrespective of any treatment escalation during the study period,
no significant differences were found in clinical, biochemical and
endoscopic remission at week 52 (table 5).

In contrast, in the FL-IFX-treated patients median SDS height-
for-age significantly improved between baseline and week 52
(median SDS of —0.07 (IQR —0.84 to 0.76) at baseline vs 0.02
(IQR —0.81 to 0.70) at week 52, p=0.045), while it significantly
decreased in conventionally treated patients (median SDS of
—0.53 (IQR —1.06 to 0.26) at baseline vs —0.66 (IQR —1.13 to
0.11) at week 52, p=0.020) (table 6).

Quality of life

At week 14 and week 52, the median QOL scores in the FL-IFX
group and conventional group were similar and in both groups
significantly higher at both time points than at baseline (online
supplemental table 4). The median QOL score in the FL-IFX group
increased from 59.3 at baseline (IQR 48.2-71.8) to 79.7 at week
52 (IQR 70.9-88.5, p<0.001) and in the conventional group from
61.2 (IQR 49.8-70.7) to 77.5 (IQR 66.3-85.0, p<0.001).

Safety

There was no significant difference between the proportion
of patients with an adverse event in the FL-IFX group (44%)
versus the conventional treatment group (60%; absolute differ-
ence of 16%; 95% CI: —0.04% to 0.33%, p=0.125). In total, 94
adverse events occurred, 40 of which were reported in FL-IFX-
treated patients and 54 in conventionally treated patients. Fifteen
serious adverse events were reported (table 7).

100- p=0.004 B IFX

= 1 B EEN
801 B Ccs
60-

Conventional

Patients in clinical remission without

treatment escalation (%)

FL-IFX

Figure 4 Proportion of patients in clinical remission without
treatment escalation. The proportion of patients in clinical remission,
defined as a weighted Paediatric Crohn’s Disease Activity Index <12.5,
without treatment escalation at 52 weeks after the start of induction
therapy. CS, corticosteroid; EEN, exclusive enteral nutrition; FL-IFX, first-
line infliximab.
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Table 5 Findings at week 52 per treatment group

First-line IFX  Conventional P value

WPCDAI, median (IQR) 7.5 (0-15) 10 (0-17.5) 0.476
Clinical remission, n (%) 33/47 (70) 26/46 (57) 0.420
Clinical remission in patients on 22/29 (76) 12/18 (67) 0.958
immunomodulator monotherapy,

n (%)

Endoscopic remission, n (%)* 5/18 (28) 5/14 (36) 0.630
SES-CD, median (IQR) 7(2-7) 6 (0-10) 0.961
Fcal <100 pug/g, n (%) 17/48 (35) 9/47 (19) 0.120

Clinical remission is defined as a wPCDAI <12.5. Endoscopic remission was
defined as a SES-CD <3. The group of patients on immunomodulator monotherapy
comprised patients on azathioprine (n=46) and methotrexate (n=1). Baseline
characteristics of these patients are similar (online supplemental table 2C).
*Eighteen FL-IFX patients and 14 conventionally treated patients consented for
endoscopy at week 52.

Fcal, faecal calprotectin; IFX, infliximab; SES-CD, Simple Endoscopic Score for
Crohn's Disease; wPCDAI, weighted Paediatric Crohn's Disease Activity Index.

DISCUSSION

This is the first RCT to compare the efficacy of IFX directly after
diagnosis to conventional treatment with corticosteroids or EEN in
newly diagnosed paediatric patients with moderate-to-severe CD.
Ten weeks after induction therapy, higher clinical remission rates
are found in the FL-IFX group. Of the FL-IFX-treated patients
that underwent an endoscopy at week 10, a higher proportion is
in endoscopic remission than in the conventional treatment group.
Overall, the proportion of patients in clinical and biochemical
remission at lyear did not significantly differ between the two
treatment groups. However, the trajectory towards remission is
very different between groups. In particular, FL-IFX treatment
is superior to conventional treatment in achieving clinical remis-
sion without need for treatment escalation 1year after the start
of therapy. Children with moderate-to-severe CD benefit from an
effective therapy from diagnosis onwards. In this young popula-
tion, delay in achieving remission and frequent flare-ups in the first
year after diagnosis may slow their pubertal development and affect
their school attendance and general well-being.”' Moreover, inef-
fective induction treatment strategies in children and adolescents
put them at risk of developing fistulising or stricturing complica-
tions.” Findings from the GROWTH Study show that children
with higher inflammatory markers after induction treatment were
more at risk of a disease relapse in 18 months and early surgery.** >
Similarly, we found in our cohort that inflammatory markers after
induction treatment were higher in patients needing treatment esca-
lation. Frequent or ongoing corticosteroid use, which is needed in
429% of the conventionally treated group in our cohort, has debili-
tating side effects and may also affect growth. Our finding, that the
SDS height-for-age decreases in significantly more conventionally
treated patients than FL-IFX-treated patients during the first year,
argues that conventional treatment provides insufficient disease
control. In addition, steroid-sparing therapy may also result in a
lower chance of developing disease complications.”* While the

Table 7 Reported serious adverse events during 52 weeks of follow-
up

First-line IFX Conventional

(n=50) (n=47) Total
lleocecal resection 1* P 3
Intra-abdominal abscess 1 1* 2
Psychosis 1* 0 1
Perianal abscess drainage 0 3%t 3
Excision of pilonidal cyst 11 0 1
Hospitalisation 2% 3%4,% 5
Total 6 9 15

*One patient treated with IFX and azathioprine.

t0ne patient treated with azathioprine.

$0ne patient treated with prednisolone and azathioprine.
IFX, infliximab;

efficacy of IFX in refractory paediatric patients with CD is well
established,' ? this RCT now proves what was suggested in only a
small number of observational cohort studies in children with CD:
that FL-IFX therapy results in lower relapse rate and longer dura-
tion of remission than induction with EEN or corticosteroids.’ °2°%

In our cohort, endoscopic remission rates in FL-IFX-treated
patients were significantly higher at week 10 than those in
conventionally treated patients. The endoscopic remission
rate of 59% in the FL-IFX group is superior to previously
reported endoscopic remission rates in both paediatric and adult
studies,”® ¥’ which may be explained by the primary IFX use
in our study versus the secondary use of IFX in other paedi-
atric studies.”® Clinical and endoscopic remission rates in the
conventionally treated group are lower than previously shown
by Borrelli et al.® This difference may be due to the use of a
stricter definition of endoscopic remission (SES-CD <3) in our
cohort and the 2—4 weeks’ longer duration of EEN in the Italian
cohort. It could suggest that children with moderate-to-severe
CD may benefit from EEN treatment with a duration of more
than 6 weeks. The majority of conventionally treated patients
in our study did not reach clinical remission without the need
for additional therapies. However, if the 15% of patients in the
conventional treatment group that did achieve clinical remission
without treatment escalation would have received FL-IFX, they
might have been overtreated. As we have so far been unable to
discriminate these patients on the basis of their clinical profile
at diagnosis, studies identifying predictors of disease course and
treatment response are essential.

Since the design of this study in 2015, guidelines were updated
and the role of therapeutic drug monitoring has increased. In our
study, reactive TDM was performed based on clinical practice and
thus the clinician’s decision. In only a few patients this resulted
in treatment optimisation, as only 2 out of 49 patients received
interval shortening and/or dose escalation within the first 22
weeks. Thus far, IFX could be safely restarted in the patients
in our cohort. However, the risk of increased immunogenicity

Table 6 Change in SDS height-for-age between baseline and 52 weeks

First-line IFX (n=48) Conventional (n=47) P value
SDS height for age at baseline, median (IQR) —0.07 (-0.84 t0 0.76) —0.53 (-1.06 to 0.26) 0.069
SDS height for age at week 52, median (IQR) 0.02 (-0.81 t0 0.70) —-0.66 (-=1.13t0 0.11) 0.021
Change in SDS height-for-age between baseline and 52 weeks 0.08 (-0.05 to 0.21) —0.08 (-0.23 to 0.04) 0.002
Median increase in height (cm) between baseline and 52 weeks 4.0(1.1-6.2) 2.4(0.7-5.4) 0.226

IFX, infliximab; SDS, SD score.
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and consecutive loss of response after restarting IFX has been
demonstrated and longer follow-up of our cohort is needed.”’
Based on progressive understanding in clinical practice since the
design of our study, we do not favour stopping FL-IFX therapy
after five infusions. However, in adult patients with IBD, the
concept of cycles of biologics treatment and planned de-escala-
tion is currently being investigated. Reenaers et al demonstrated
that retreatment with IFX was effective and well-tolerated in a
group of patients that stopped IFX treatment after at least 1year
and 6 additional months of corticosteroid-free remission.*® In
60% of FL-IFX-treated patients in our cohort, there was no
need to continue or restart IFX within 6 months after the fifth
infusion; they continued on AZA monotherapy. Concerns have
been raised about the use of AZA maintenance therapy, espe-
cially due to the associated risk of lymphoproliferative disor-
ders.’! Although international guidelines and clinical practice
differ regarding the use of AZA in CD,** this may be a reason
to continue IFX monotherapy after five infusions instead of
continuing AZA monotherapy. We cannot draw firm conclusions
which treatment strategy is most effective and safe as our study
was not designed to investigate the effectiveness of IFX mono-
therapy versus AZA monotherapy after five IFX infusions.

Counterarguments for implementation of FL-IFX therapy
could be the increased risk of side effects and higher costs.>
The overall incidence of adverse events within 1year was similar
between both treatment groups, which is in line with findings in
adults” and indicates that the use of first-line anti-TNF in these
patients is safe. The introduction of biosimilars has led to signifi-
cantly decreased costs of IFX treatment.”® In cost-effectiveness
studies patients received the originator IFX, whereas children in
our study received the biosimilar CT-P13.3

A clear strength and innovative aspect of this study is the
inclusion of new-onset and therapy-naive patients with CD.
Performing an RCT in children with CD is rarely done and
extremely challenging. Only 21 patients and their parents
declined to participate in this trial, which demonstrates the
patients’ interest in FL-IFX treatment. There are some draw-
backs associated with our study. First, treatment assignment and
assessments guiding treatment changes were not masked for
patients and investigators, which could have created a perfor-
mance bias. However, this bias is partly mitigated by the evalua-
tion of growth, faecal calprotectin and endoscopic remission as
objective outcome measures in this study. Second, while partic-
ipating in the study, not all patients agreed on the endoscopic
evaluation scheduled in this study at weeks 10 and 52. Based on
ethical considerations, these patients continued to participate in
the study, which led to missing endoscopic results. Despite the
lower numbers, this did not introduce a bias as patients who
underwent endoscopy had comparable disease characteristics at
baseline (online supplemental table 2B,C). Third, the difference
in duration of therapy between FL-IFX (five IFX infusions in
22 weeks) and conventional treatment (6—-8 weeks of EEN or 10
weeks of prednisolone) may have influenced the interpretation of
our findings. The duration of conventional treatment, however,
was in accordance with paediatric CD guidelines and, as such,
reflects current clinical practice.” We expect the effect of the
difference in therapy duration to be minimal, as both groups had
received AZA monotherapy per protocol for at least 6 months
at 52 weeks. Although AZA metabolite levels were measured as
part of clinical care in 74/97 patients and were therapeutic on
average, we did not incorporate these results in our conclusions
as data were collected in a non-standardised fashion.

In conclusion, despite the similar clinical remission rates at 1year
after diagnosis in both treatment groups, we argue that children

and adolescents with moderate-to-severe CD would benefit from
FL-IFX treatment as an insufficiently effective treatment strategy
impacts their growth and development. Ongoing disease activity or
corticosteroids use prior to escalation to IFX in the conventional
treatment group could have been prevented by starting FL-IFX.
This innovative treatment was well accepted by children and their
parents, which shows the importance of moving forward with
protocols to allow us to learn what is best. Future follow-up and
additional research are needed to determine whether IFX can be
stopped and for which patients this will be beneficial.

Author affiliations

"Paediatric Gastroenterology, Erasmus MC Sophia Children’s Hospital, Rotterdam,
The Netherlands

“paediatric Gastroenterology, University Medical Center Amsterdam—Location
VUmc, Amsterdam, The Netherlands

3paediatrics, Maasstad Hospital, Rotterdam, The Netherlands

“Paediatrics, Isala Hospital, Zwolle, The Netherlands

*Paediatric Gastroenterology, Utrecht Medical Center/Wilhelmina Children’s Hospital,
Utrecht, , The The Netherlands

®paediatrics, Amphia Hospital, Breda, The Netherlands

"Referral centre for Paediatric Gastroenterology and Nutrition, Children’s Hospital
Zagreb, Zagreb, Croatia

SUniversity JJ Strossmayer, School of Medicine Osijek, Osijek, Croatia

*Paediatric Gastroenterology, Children’s Hospital, University of Tampere, Helsinki,
Finland

"Tampere University, Tampere, Finland

"paediatrics, Medical Spectrum Twente, Enschede, The Netherlands

"paediatrics, Catharina Hospital, Eindhoven, The Netherlands

paediatrics, Jeroen Bosch Hospital, 's-Hertogenbosch, The Netherlands
"paediatric Gastroenterology, University of Groningen, University Medical Centre
Groningen, Groningen, The Netherlands

"Immunology, Erasmus MC, Rotterdam, The Netherlands

18Bjostatistics, Erasmus MC, Rotterdam, The Netherlands

17Pathology, Erasmus MC, Rotterdam, The Netherlands

"8 aboratory of Pediatrics, Division of Gastroenterology, Erasmus MC Sophia
Children’s Hospital, Rotterdam, The Netherlands

Twitter Patrick F van Rheenen @PFvRheenen and Lissy de Ridder @LissydeRidder

Acknowledgements We thank all children and adolescents with Crohn’s
disease who participated in this study, the research teams at all participating
centres (Erasmus University Medical Center-Sophia Children's Hospital, Rotterdam,
the Netherlands: LMM Costes, CJ van der Woude, SA van den Dool, ZJJ al Difaie
and | Tindemans; Helsinki University Hospital, Helsinki, Finland: A Nikkonen) and
for editorial assistance with the final manuscript: R Stuve (The Text Consultant,
Nijmegen, the Netherlands).

Contributors LdR, JS and MAC contributed to the study concept and design. LdR
and MMEJ had full access to the data in the trial and take responsibility for the
integrity of the data and the accuracy of the data analysis. All authors contributed
to acquisition, analysis or interpretation of the data. MMEJ, MAA, NS, JCE and LdR
contributed to drafting of the manuscript. All authors contributed to critical revision
of the manuscript and provided important intellectual content. DR and MMEJ
contributed to the statistical analysis. LdR supervised the study. All authors approved
the final version of this manuscript.

Funding This trial was supported by ZonMw (The Netherlands Organisation for
Health Research and Development) under project number 113202001, Crocokids
(a Dutch fundraising organisation to support research on IBD in children) and an
Investigator-Sponsored Research Award from Pfizer (Study ID WI213008).

Disclaimer The funders of the study had no role in the study design, data
collection, statistical analysis, interpretation or writing of the report. The
corresponding author had full access to the study data and had final responsibility
for the content of the manuscript and decision to submit for publication.

Competing interests LdR reports grants from ZonMW, ECCO, Crocokids and
Pfizer and consultancy fees from Abbvie, during the conduct of the study. MAA
received a consultant fee from Abbvie, outside the submitted work. MAC reports
grants from ZonMw and Crocokids, and grants and non-financial support from Pfizer
during the conduct of the study. IH received a payment/honorarium for lectures from
BioGaia, Nutricia, Oktal pharma, Nestle, Biocodex and AbelaPharm. K-LK received
consultant fees from Abbvie, Biocodex, Ferring, MSD and Tillotts Pharma, and
research grants from the Pediatric Research Foundation (Finland) and the Helsinki
University Research Fund, outside the submitted work. TH received a consultant

fee from Pfizer, outside the submitted work. JS reports personal fees from Nutricia,
outside the submitted work. MPvW reports personal fees from Danone and Laborie,

Jongsma MME, et al. Gut 2022;71:34-42. doi:10.1136/gutjnl-2020-322339

41


https://dx.doi.org/10.1136/gutjnl-2020-322339
https://twitter.com/PFvRheenen
https://twitter.com/LissydeRidder

Inflammatory bowel disease

outside the submitted work. STAT-R received a consultant fee from Pfizer, outside the
submitted work. JCE received consultant fees from Abbvie and Janssen, as well as
research support from MSD and Nutricia.

Patient consent for publication Not required.
Ethics approval Medical ethical approval was obtained for each site.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. The data that support the
findings of this study are available from the corresponding author, upon reasonable
request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.01/.

ORCID iD
Lissy de Ridder http://orcid.org/0000-0002-6035-1182

REFERENCES

1 Hyams J, Crandall W, Kugathasan S, et a/. Induction and maintenance infliximab
therapy for the treatment of moderate-to-severe Crohn’s disease in children.
Gastroenterology 2007;132:863-73. quiz 1165-6.

2 Ruemmele FM, Veres G, Kolho KL, et al. Consensus guidelines of ECCO/ESPGHAN
on the medical management of pediatric Crohn'’s disease. J Crohns Colitis
2014;8:1179-207.

3 Borrelli O, Cordischi L, Cirulli M, et al. Polymeric diet alone versus corticosteroids in
the treatment of active pediatric Crohn's disease: a randomized controlled open-label
trial. Clin Gastroenterol Hepatol 2006;4:744-53.

4 Mack DR, Benchimol El, Critch J, et a/. Canadian association of gastroenterology
clinical practice guideline for the medical management of pediatric luminal Crohn’s
disease. Gastroenterology 2019;157:320-48.

5 Lee YM, Kang B, Lee Y, et a/. Infliximab "Top-Down" Strategy is Superior to "Step-Up"
in Maintaining Long-Term Remission in the Treatment of Pediatric Crohn Disease. /
Pedliatr Gastroenterol Nutr 2015;60:737-43.

6 LeeYS, Baek SH, Kim MJ, et al. Efficacy of early infliximab treatment for pediatric
Crohn'’s disease: a three-year follow-up. Pediatr Gastroenterol Hepatol Nutr
2012;15:243-9.

7 Walters TD, Kim M-O, Denson LA, et al. Increased effectiveness of early therapy with
anti-tumor necrosis factor-o. vs an immunomodulator in children with Crohn’s disease.
Gastroenterology 2014;146:383-91.

8 D'Haens G, Baert F, van Assche G, et al. Early combined immunosuppression or
conventional management in patients with newly diagnosed Crohn's disease: an open
randomised trial. Lancet 2008;371:660-7.

9 Pigneur B, Seksik P, Viola S, et al. Natural history of Crohn’s disease: comparison
between childhood- and adult-onset disease. Inflamm Bowel Dis 2010;16:953-61.

10 Kugathasan S, Denson LA, Walters TD, et a/. Prediction of complicated disease course
for children newly diagnosed with Crohn's disease: a multicentre inception cohort
study. Lancet 2017;389:1710-8.

11 Cozijnsen MA, van Pieterson M, Samsom JN, et a/. Top-Down infliximab study in kids
with Crohn’s disease (TISKids): an international multicentre randomised controlled
trial. BMJ Open Gastroenterol 2016;3:¢000123.

12

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

34

Castor. The randomization algorithm in castor. Available: https://helpdesk.castoredc.
com/article/50-the-randomization-algorithm-in-castor [Accessed 20 Aug 2020].
Turner D, Griffiths AM, Walters TD, et a/. Mathematical weighting of the pediatric
Crohn's disease activity index (PCDAI) and comparison with its other short versions.
Inflamm Bowel Dis 2012:18:55-62.

Dutch Growth Research Foundation. Growth analyser research calculation tool.
Available: https://growthanalyser.org/products/professional-use/research-calculation-
tools-rct [Accessed 25 Mar 2020].

Hermanussen M, Cole J. The calculation of target height reconsidered. Horm Res
2003;59:180-3.

Daperno M, D'Haens G, Van Assche G, et al. Development and validation of a new,
simplified endoscopic activity score for Crohn's disease: the SES-CD. Gastrointest
Endosc 2004;60:505—12.

Adler J, Gebremariam A, Eder SJ, et al. P083 validation of a new physician global
assessment colonoscopy score (PGA-CS) for pediatric Crohn's disease. Inflamm Bowel
Dis 2019;25:539.

Clinicaltrials.GovTISKids study protocol. Available: https:/clinicaltrials.gov/ct2/show/
NCT02517684 [Accessed 24-06-2020].

Otley A, Smith C, Nicholas D, et al. The impact questionnaire: a valid measure of
health-related quality of life in pediatric inflammatory bowel disease. J Pediatr
Gastroenterol Nutr 2002;35:557-63.

Kim MJ, Lee IS, Lee JH, et al. Infliximab therapy in children with Crohn's disease: a
one-year evaluation of efficacy comparing "top-down” and ‘step-up’ strategies. Acta
Paediatr 2011;100:451-5.

Carroll MW, Kuenzig ME, Mack DR, et al. The impact of inflammatory bowel disease
in Canada 2018: children and adolescents with IBD. J Can Assoc Gastroenterol
2019;2:549-67.

Ziv-Baran T, Hussey S, Sladek M, et al. Response to treatment is more important than
disease severity at diagnosis for prediction of early relapse in new-onset paediatric
Crohn'’s disease. Aliment Pharmacol Ther 2018;48:1242-50.

Levine A, Chanchlani N, Hussey S, et al. Complicated disease and response to initial
therapy predicts early surgery in paediatric Crohn’s disease: results from the Porto
group growth study. J Crohns Colitis 2020;14:71-8.

Adler J, Lin CC, Gadepalli SK, et al. Association between steroid-sparing therapy

and the risk of perianal fistulizing complications among young patients with Crohn
disease. JAMA Netw Open 2020;3:€207378.

Lee JS, Lee JH, Lee JH, et al. Efficacy of early treatment with infliximab in pediatric
Crohn’s disease. World J Gastroenterol 2010;16:1776-81.

Kierkus J, Dadalski M, Szymanska E, et al. The impact of infliximab induction therapy
on mucosal healing and clinical remission in Polish pediatric patients with moderate-
to-severe Crohn’s disease. Eur J Gastroenterol Hepatol 2012;24:495-500.
Bjorkesten C-Gaf, Nieminen U, Turunen U, et al. Endoscopic monitoring of infliximab
therapy in Crohn’s disease. Inflamm Bowel Dis 2011;17:947-53.

Kang B, Choi SY, Kim HS, et al. Mucosal healing in paediatric patients with moderate-
to-severe luminal Crohn'’s disease under combined immunosuppression: escalation
versus early treatment. J Crohns Colitis 2016;10:1279-86.

Baert F, Drobne D, Gils A, et al. Early trough levels and antibodies to infliximab predict
safety and success of reinitiation of infliximab therapy. Clin Gastroenterol Hepatol
2014;12:1474-81. e2; quiz e91.

Reenaers C, Mary J-Y, Nachury M, et al. Outcomes 7 years after infliximab withdrawal
for patients with Crohn’s disease in sustained remission. Clin Gastroenterol Hepatol
2018;16:234-43.

Hyams JS, Dubinsky MC, Baldassano RN, et al. Infliximab is not associated with
increased risk of malignancy or hemophagocytic lymphohistiocytosis in pediatric
patients with inflammatory bowel disease. Gastroenterology 2017;152:1901-14.
Bashir NS, Walters TD, Griffiths AM, et al. Cost-effectiveness and Clinical Outcomes of
Early Anti—Tumor Necrosis Factor—ot Intervention in Pediatric Crohn’s Disease. Inflamm
Bowel Dis 2020;26:1239-50.

Severs M, Oldenburg B, van Bodegraven AA, et al. The economic impact of

the introduction of biosimilars in inflammatory bowel disease. J Crohns Colitis
2017;11:289-96.

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

42

Jongsma MME, et al. Gut 2022;71:34—42. doi:10.1136/gutjnl-2020-322339


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-6035-1182
http://dx.doi.org/10.1053/j.gastro.2006.12.003
http://dx.doi.org/10.1016/j.crohns.2014.04.005
http://dx.doi.org/10.1016/j.cgh.2006.03.010
http://dx.doi.org/10.1053/j.gastro.2019.03.022
http://dx.doi.org/10.1097/MPG.0000000000000711
http://dx.doi.org/10.1097/MPG.0000000000000711
http://dx.doi.org/10.5223/pghn.2012.15.4.243
http://dx.doi.org/10.1053/j.gastro.2013.10.027
http://dx.doi.org/10.1016/S0140-6736(08)60304-9
http://dx.doi.org/10.1002/ibd.21152
http://dx.doi.org/10.1016/S0140-6736(17)30317-3
http://dx.doi.org/10.1136/bmjgast-2016-000123
https://helpdesk.castoredc.com/article/50-the-randomization-algorithm-in-castor
https://helpdesk.castoredc.com/article/50-the-randomization-algorithm-in-castor
http://dx.doi.org/10.1002/ibd.21649
https://growthanalyser.org/products/professional-use/research-calculation-tools-rct
https://growthanalyser.org/products/professional-use/research-calculation-tools-rct
http://dx.doi.org/10.1159/000069321
http://dx.doi.org/10.1016/S0016-5107(04)01878-4
http://dx.doi.org/10.1016/S0016-5107(04)01878-4
http://dx.doi.org/10.1093/ibd/izy393.090
http://dx.doi.org/10.1093/ibd/izy393.090
https://clinicaltrials.gov/ct2/show/NCT02517684
https://clinicaltrials.gov/ct2/show/NCT02517684
http://dx.doi.org/10.1097/00005176-200210000-00018
http://dx.doi.org/10.1097/00005176-200210000-00018
http://dx.doi.org/10.1111/j.1651-2227.2010.01938.x
http://dx.doi.org/10.1111/j.1651-2227.2010.01938.x
http://dx.doi.org/10.1093/jcag/gwy056
http://dx.doi.org/10.1111/apt.15016
http://dx.doi.org/10.1093/ecco-jcc/jjz111
http://dx.doi.org/10.1001/jamanetworkopen.2020.7378
http://dx.doi.org/10.3748/wjg.v16.i14.1776
http://dx.doi.org/10.1097/MEG.0b013e32835159f2
http://dx.doi.org/10.1002/ibd.21439
http://dx.doi.org/10.1093/ecco-jcc/jjw086
http://dx.doi.org/10.1016/j.cgh.2014.01.033
http://dx.doi.org/10.1016/j.cgh.2017.09.061
http://dx.doi.org/10.1053/j.gastro.2017.02.004
http://dx.doi.org/10.1093/ibd/izz267
http://dx.doi.org/10.1093/ibd/izz267
http://dx.doi.org/10.1093/ecco-jcc/jjw153
http://dx.doi.org/10.1002/ibd.21493
http://dx.doi.org/10.1002/ibd.21493

	First-­line treatment with infliximab versus conventional treatment in children with newly diagnosed moderate-­to-­severe Crohn’s disease: an open-­label multicentre randomised controlled trial
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Study design and participants
	Randomisation and masking
	Procedures
	Outcomes
	Primary outcome
	Definition of treatment escalation
	Secondary outcomes

	Statistical analysis

	Results
	Efficacy of induction therapy
	Treatment course
	FL-IFX treatment
	Conventional treatment

	Findings after 1-year follow-up
	Quality of life
	Safety

	Discussion
	References


