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Abstract
Background: Very few data regarding the use of infliximab in children with very early-onset inflammatory bowel disease

(VEO-IBD) have been reported.

Objective: We aimed to assess the efficacy and the safety of infliximab in children with VEO-IBD compared with older

children.

Methods: Children treated with infliximab were identified within the Italian IBD registry. The primary outcome was the rate

of clinical remission at weeks 14 and 54. Secondary outcomes included the proportion of partial clinical response, treatment

duration, and incidence of adverse events.

Results: Forty-two children with VEO-IBD were compared with 130 children with IBD. Despite significantly higher infliximab

withdrawals in VEO-IBD patients during induction (42.9% vs 7.7% p< 0.01), remission rates at week 14 were similar (28.6%

vs 43.8%, p¼ 0.10). At week 54 fewer VEO-IBD children were in remission (15.8% vs 54.3%, p< 0.01). The treatment

duration was shorter in VEO-IBD (median 12.0 vs 18.4 months, p< 0.01). During the induction phase, adverse events were

more common in the VEO-IBD group (p< 0.01).

Conclusion: Compared with older children, VEO-IBD patients have higher rates of infliximab failures, lower remission rates

at one year, and more often experience adverse events during induction.
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Key summary

Current knowledge
. Infliximab is effective in inducing and maintaining remission in children with inflammatory bowel disease

(IBD).
. Children with very early-onset inflammatory bowel disease (VEO-IBD) generally have a more aggressive

course and are often refractory to standard treatments.

Key findings of this study
. Children with VEO-IBD treated with infliximab have higher discontinuation rates before weeks 14 and 54

compared to older children and have shorter periods of treatment.
. Rates were similar between VEO-IBD and older patients for those achieving remission at week 14 but

were lower at week 54.
. During the induction phase, children with VEO-IBD experienced adverse events more frequently than

older patients.

Introduction

Up to 30% of patients with inflammatory bowel
diseases (IBD), encompassing Crohn’s disease (CD),
ulcerative colitis (UC) and inflammatory bowel disease
unclassified (IBD-U), are diagnosed before the age of
18 years.1 Patients diagnosed before age 6 years are
defined as very early-onset IBD (VEO-IBD)2 and
account for about 10% of all paediatric IBD.3

Compared with older children, VEO-IBD patients
have particular characteristics such as a higher incidence
of IBD-U, more extensive inflammation, predominant
colonic involvement, a stronger genetic predisposition
and often a more severe course of the disease.4

Infliximab, a chimeric monoclonal antibody against
the soluble and the membrane tumour necrosis factor
(TNF)-a, is an established treatment for IBD,5–7 and
real-life experiences have shown that remission rates are
as high as 64% and 40% in CD and UC children,
respectively.8

Based on the results of two controlled clinical trials
that involved children older than age 7 years,9,10 inflix-
imab has been approved by the United States Food and
Drug Administration and by the European Medical
Agency in children age 6 years or older, thus excluding
children with VEO-IBD for whom infliximab is an
off-label therapy.

To date, few data exist on the efficacy and safety of
infliximab in VEO-IBD: previous studies suggest that
patients with VEO-IBD may have a decreased response
rate to standard doses of infliximab, an increased loss
of response during maintenance and a more frequent
need for drug optimisation.11,12

Our study aimed to assess the efficacy and the safety
of infliximab in children with VEO-IBD compared with
older children. The primary outcome was the rate of
clinical remission at 14 and 54 weeks of treatment.
Secondary outcomes included the rate of partial clinical
response, the evaluation of clinical scores and

inflammatory markers at 14 and 54 weeks, the duration
of treatment with infliximab, the causes of infliximab
withdrawal, and the incidence of adverse events.

Materials and methods

We performed a retrospective study within the IBD
National Registry of the Italian Society for Pediatric
Gastroenterology Hepatology and Nutrition (SIGENP),
whose methodology has been described elsewhere in
detail.3 The institutional review board and the ethics com-
mittee of each hospital approved the data collection in the
registry (for the coordinating centre: Ethics Committee of
the Sapienza University of Rome, Prot n 688/17, ethical
approval 20 July 2017). A written and signed informed
consent was obtained from the parents of the patients to
join the registry. The study protocol conforms to the eth-
ical guidelines of the 1975 Declaration of Helsinki.

Participants in this study were patients aged 0–17
years previously diagnosed with CD, UC or IBD-U,
according to clinical, radiological or endoscopic
findings as suggested by the Porto criteria,13 treated
with infliximab starting from 1 January 2009 to the
retrieval date of 1 March 2018, and with at least
12 months of follow-up. The study end date was iden-
tified as the date of the most recent clinic visit before
the retrieval date.

To exclude the most frequent causes of monogenic
IBD (among all: chronic granulomatous disease,
Wiskott-Aldrich syndrome, and X-linked inhibitor of
apoptosis (XIAP) deficiency), children with VEO-IBD
should have been investigated at least with an immuno-
logical work-up including complete blood count,
lymphocyte subsets (CD3þ, CD4þ, CD8þ, CD16þ/
56þ, CD19þ), immunoglobulins class G, A, and M
levels, and neutrophil oxidative burst assay with dihy-
drorhodamine flow cytometric assay, and should not
have had a history of severe infections or haemopha-
gocytic lymphohistiocytosis (HLH).
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Genetic studies, including targeted gene panels
sequencing or whole-exome sequencing, were not
required for inclusion.

The decision to start, escalate or stop infliximab was
at the discretion of the treating physician according to
the international guidelines and to the clinical status of
the patient.

As indicated by the manufacturers’ instructions,
infliximab was administered at a dose of 5mg/kg at
weeks 0, 2 and 6 (induction phase) and then every
eight weeks (maintenance phase).

Patients with VEO-IBD treated with infliximab
within their seventh year of age were defined as the
case population. Patients with the diagnosis of IBD
treated with infliximab from the age of 7 to 17 years
were considered as the comparison group.

Demographic and clinical data including age at diag-
nosis, localisation and behaviour of the disease accord-
ing to the Paris classification14 and therapies previous
to infliximab were collected. Baseline details on inflix-
imab treatment included age at infliximab start, initial
dose and concomitant therapies. Data on infliximab
optimisation, such as dose escalation (from 5mg/kg
to 10mg/kg) or interval shortening (from eight to
four weeks) and need for adjunctive therapies both
during induction or maintenance were noted.

The Pediatric Crohn’s Disease Activity Index
(PCDAI) for CD and Pediatric Ulcerative Colitis
Activity Index (PUCAI) for UC and IBD-U, erythro-
cyte sedimentation rate (ERS), C-reactive protein
(CRP), and faecal calprotectin at the time of infliximab
start, after 14 weeks (end of induction phase) and after
54 weeks (maintenance phase) were recorded.

Adverse events during treatment and reasons for
infliximab withdrawal, including the need for surgery
at any time during follow-up, were also collected.

Outcome measures

Efficacy of infliximab treatment was evaluated at week
14, corresponding to the end of the induction phase and
the date of the first maintenance dose, and at week 54,
corresponding to one year of treatment. The disease
was considered to be in remission if PCDAI or
PUCAI were <10; a change of at least 20 points from
baseline defined partial response. Infliximab failure was
defined as the absence of clinical response at the end of
the induction period (primary failure) and as the loss of
efficacy during the maintenance period after an initial
response (secondary failure).

Statistical analysis

R Statistics for Windows, version 3.5.1, was used to
perform statistical analysis.

Continuous data are presented as medians with
interquartile ranges (IQRs), and categorical data are
presented as absolute numbers and percentages.

The Mann-Whitney U test was used to compare con-
tinuous data between children with VEO-IBD and
older patients; the Fisher exact test was used for cat-
egorical variables.

All statistical tests were two tailed. A p value< 0.05
was considered significant.

Results

Baseline characteristics

Within the registry, 1724 patients were identified,
and 174 children treated with infliximab were con-
sidered for inclusion. Two patients were excluded
because they had a monogenic disease (one with a
UC phenotype diagnosed with Loeys Dietz syndrome
and one with chronic granulomatous disease who
developed a CD phenotype at age 6 years) while 172
patients were enrolled in the study according to the
inclusion criteria: forty-two children had VEO-IBD
and were treated with infliximab before age 7 years
while 130 children received infliximab between age
7 and 17 years.

All VEO-IBD patients had an immunological work-
up and 24 (57.1%) had undergone genetic studies.

Baseline characteristics of patients are reported in
Table 1.

Most of the patients with VEO-IBD had a diagnosis
of UC and IBD-U, compared with older children
(28 (66.7%) and five (11.9%) vs 51 (39.2%) and two
(1.5%), respectively, p< 0.01), whereas the diagnosis
of CD was significantly less frequent in VEO-IBD (9
(21.4%) vs 77 (59.2%), p< 0.01).

Extraintestinal manifestations were more common
in the IBD group than in VEO-IBD patients. No
significant difference in the clinical scores and inflam-
matory markers was found between VEO-IBD
children and older patients at the start of infliximab
treatment.

About 14% of patients in the younger group were
treated with cyclosporine before infliximab vs no
patient in the older group (p< 0.01), while previous
treatment with enteral nutrition was reported more fre-
quently after age 7 years (p¼ 0.01).

Children in both groups started infliximab at the
standard dose of 5mg/kg. All patients had scheduled
dosing. Compared with older patients, children with
VEO-IBD received more frequently a combination
therapy with other drugs (31 (73.8%) vs 69 (53.1%),
p¼ 0.02), in particular steroids (19 (45.2%) vs 28
(21.5%), p< 0.01) and immunosuppressors (18
(42.9%) vs 36 (27.7%), p¼ 0.08).
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Table 1. Baseline characteristics of patients.

VEO-IBD

42 patients

IBD

130 patients p values

Male sex, n (%) 22 (52.4) 66 (50.8) 0.86

First-degree familiarity, n (%) 4 (9.1) 14 (10.6) 1.0

Age at diagnosis (years), median (IQR) 3.4 (2.1–4.6) 12.2 (10.2–13.8) <0.01

Age at infliximab start (years), median (IQR) 5.0 (3.0–5.6) 13.7 (11.6–15.2) <0.01

Type of IBD, n (%)

CD 9 (21.4) 77 (59.2) <0.01

UC 28 (66.7) 51 (39.2) <0.01

IBD-U 5 (11.9) 2 (1.5) 0.01

Location for CD, n (%)

L1 1 (11.1) 4 (5.2) 0.43

L2 3 (33.3) 14 (18.2) 0.37

L3 5 (55.6) 53 (68.8) 0.46

L4a 0 25 (32.5) 0.05

L4b 0 13 (16.9) 0.34

Behavior for CD, n (%)

B1 8 (88.9) 66 (85.7) 1.00

B2 0 9 (11.7) 0.59

B3 1 (11.1) 5 (6.5) 0.50

p 4 (44.4) 28 (36.4) 0.72

Location of UC, n (%)

E1 1 (3.6) 1 (2.0) 1.00

E2 3 (10.7) 9 (17.6) 0.52

E3 6 (21.4) 3 (5.9) 0.06

E4 18 (64.3) 38 (74.5) 0.44

Extraintestinal manifestations n (%) 1 (2.4) 27 (20.7) <0.01

Arthritis 0 12 (9.2) 0.04

Sclerosing cholangitis 1 (2.4) 5 (3.8) 1.00

Psoriasis 0 8 (6.1) 0.20

Previous medications, n (%)

5-Aminosalicylate 20 (47.6) 45 (34.6) 0.14

Corticosteroids 33 (78.6) 88 (67.7) 0.24

Thiopurines 27 (64.2) 74 (56.9) 0.47

Methotrexate 2 (4.8) 9 (6.9) 1.00

Enteral nutrition 3 (7.1) 32 (24.6) 0.01

Antibiotics 7 (16.7) 11 (8.4) 0.15

Cyclosporine 6 (14.3) 0 <0.01

Thalidomide 2 (4.8) 4 (3.1) 0.63

Tacrolimus 1 (2.4) 0 0.24

Adalimumab 1 (2.4) 4 (3.1) 1.00

Etanercept 0 1 (0.8) 1.00

Surgery 1 (2.4)a 0 0.24

Scores and inflammatory markers median (IQR)

PCDAI 35.0 (32.5–47.5) 30.0 (20.0–35.0) 0.11

PUCAI 45.0 (37.5–60.0) 45 (35.0–65.0) 0.88

CRP 0.5 (0.3–2.8) 0.8 (0.2–2.2) 0.83

ESR 34.5 (17.5–51.3) 37.0 (22.0–64.3) 0.22
(continued)
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Efficacy during the induction phase

A significantly higher proportion of VEO-IBD patients
stopped infliximab and changed therapy before reach-
ing week 14, compared with older children (18 (42.9%)
vs 10 (7.7%), p< 0.01).

At week 14, 12 (28.6%) patients with VEO-IBD (two
CD, nine UC, one IBD-U) and 57 (43.8%) older chil-
dren (42 CD, 13 UC, two IBD-U) achieved remission
(p¼ 0.10). Five (11.9%) and eight (6.1%) children in
the two groups had a partial response (p¼ 0.31).

Eight (19.0%) patients in the younger group and 10
(7.7%) in the older one required a dose escalation
during the induction phase (p¼ 0.04).

No significant differences were found in the clin-
ical scores and inflammatory markers at week
14 (Table 2).

Efficacy during the maintenance phase

Nineteen (45.2%) patients with VEO-IBD and 105
(80.8%) treated after age 7 years continued after week
14 (p< 0.01). Of these, eight (42.1%) patients in the
younger group and 73 (69.5%) in the older group con-
tinued infliximab up to week 54 (p¼ 0.03). At that time,
three (15.8%) children of the former (one CD, two UC)
and 57 (54.3%) of the latter group (42 CD, 13 UC, two
IBD-U) were in remission (p< 0.01); two (10.5%) and

Table 2. Clinical scores and inflammatory markers at week 14 and week 54.

VEO-IBD 42 patients IBD 130 patients p values

Time 14 weeks, number of patients (%) 24 (57.1) 120 (92.3) <0.01

PCDAI 0 (0–8.8) 10.0 (0–15.0) 0.17

PUCAI 20.0 (5.0–40.0) 15.0 (5.0–30.0) 0.98

CRP (mg/dl) 0.3 (0–0.5) 0.2 (0.1–0.6) 0.64

ESR (mm/h) 24.0 (13.0–53.0) 18.0 (10.0–31.0) 0.21

Faecal calprotectin (mg/kg) 125.4 (69.3–425.0) 156.0 (44.5–491.0) 0.99

Time 54 weeks, number of patients (%) 8 (19.0) 73 (56.1) <0.01

PCDAI /a 3 (0–10.0) /

PUCAI 12.5 (0–22.5) 10.0 (0–11.3) 0.57

CRP (mg/dl) 0.5 (0.3–0.9) 0.2 (0.1–0.3) 0.06

ESR (mm/h) 24.0 (13.5–39.5) 15.0 (7.5–32.0) 0.41

Faecal calprotectin (mg/kg) 179.5 (139.8–219.3) 42.0 (8.5–260.0) 0.44

CD: Crohn’s disease; CRP: C-reactive protein; ERS: erythrocyte sedimentation rate; IBD: inflammatory bowel disease; PCDAI: Pediatric Crohn’s Disease

Activity Index; PUCAI: Pediatric Ulcerative Colitis Activity Index; VEO-IBD: very early-onset inflammatory bowel disease.

Data are presented as medians and interquartile range.
aOnly one patient with CD continued infliximab to week 54.

Table 1. Continued

VEO-IBD

42 patients

IBD

130 patients p values

Faecal calprotectin 550.0 (241.5–800.0) 800.0 (238.0–1443.0) 0.44

PCDAI> 30, n (%) 5 (55.6) 39 (50.6) 1.00

PUCAI> 65 7 (25.0) 13 (25.5) 1.00

Concomitant drugs, n (%) 31 (73.8) 69 (53.1) 0.02

Steroids 19 (45.2) 28 (21.5) <0.01

Thiopurines 14 (33.3) 31 (23.8) 0.23

Methotrexate 4 (12.5) 5 (3.8) 0.22

5-Aminosalicylate 1 (2.4) 5 (3.8) 1.00

Enteral nutrition 1 (2.4) 4 (3.1) 1.00

CD: Crohn’s disease; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; IBD: inflammatory bowel disease; IBD-U: inflam-

matory bowel disease unclassified; IQR: interquartile range; PCDAI: Pediatric Crohn’s Disease Activity Index; PUCAI: Pediatric

Ulcerative Colitis Activity Index; UC: ulcerative colitis; VEO-IBD: very early-onset inflammatory bowel disease.
aA child with CD received an ileal stoma.
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six (5.7%) children in the two groups had a partial
response (p¼ 0.35).

Four (21.1%) children with VEO-IBD and 40
(38.1%) older children required a dose escalation
during the maintenance period (p¼ 0.20): One (5.5%)
vs 12 (11.4%) children had a dose increase, one (5.5%)
vs 17 (16.2%) children had an interval reduction
between doses, and one (5.5%) vs 11 (10.5%) children
had both a dose increase and an interval reduction.

For the patients who reached week 54, clinical scores
and inflammatory markers were similar between the
two populations (Table 2).

Duration of infliximab treatment

Duration of infliximab maintenance was significantly
shorter in patients with VEO-IBD (median 12.0 (IQR
8.2–12.3) months) compared with older children
(median 18.4 (IQR 9.9–26.3) months) (p< 0.01).

The overall duration of infliximab treatment accord-
ing to age is shown in Figure 1.

Reasons for withdrawal

Discontinuation rate of infliximab before starting the
maintenance phase was higher in VEO-IBD patients
compared with older patients (23 (54.8%) vs 25
(19.2%) children, respectively (p< 0.01)) both for pri-
mary failure (14 (33.3%) vs 17 (13.1%) children,
p< 0.01) and adverse events (nine (21.4%) vs eight
(6.2%) p< 0.01). Six (14.3%) patients in the younger
group underwent surgery during or immediately after
the induction phase compared with five (3.8%) patients
in the older group (p¼ 0.03).

Twelve of 19 (63.2%) children with VEO-IBD and
68 of 105 (64.8%) older children stopped infliximab at
any time during the maintenance phase (p¼ 1.00).
A secondary failure occurred in nine (47.4.0%) younger
children and in 41 (39.0%) older patients (p¼ 0.61):
Four (21.1%) and seven (6.6%) children in the two
groups, respectively, required surgery.

One (5.3%) child with VEO-IBD and 11 (10.5%)
older children stopped infliximab because of an adverse
event (p¼ 1.00), while remission was the cause of drug
withdrawal in two (10.5%) children in the younger
group and 16 (15.2%) controls (p¼ 0.73).

Safety

As shown above, the incidence of adverse events was
more frequent in VEO-IBD patients within the first 14
weeks of treatment whereas it was similar during the
maintenance period.

The overall proportion of patients who experienced
an adverse event during the entire period of treatment
and the type of adverse event are reported in Table 3.

Adverse events led to drug withdrawal in 10 among
10 (100%) children with VEO-IBD and in 19 (90.5%)
among 21 older children (p¼ 1.00).

Discussion

Our study describes the largest cohort of children with
VEO-IBD treated with infliximab, and it is the first to
directly compare the efficacy and safety of infliximab in
children with VEO-IBD and older children.

Children with VEO-IBD had higher rates of inflix-
imab failure during both the induction and the main-
tenance period despite similar levels of disease severity
and inflammatory markers at the time of infliximab
start and the more frequent association with steroids
and with immunomodulators.

More children with VEO-IBD required a dose intensi-
fication during induction similarly to the findings reported
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Figure 1. Kaplan–Meier curve representing the time to infliximab

discontinuation in patients with very early-onset inflammatory

bowel disease (VEO-IBD) and IBD (log-rank p< 0.01).

Table 3. Adverse events.

VEO-IBD

42 patients

IBD

130 patients p values

Patients, n (%) 10 (23.8) 21 (16.2) 0.26

Type of adverse event, n (%)

Infection 1 (2.3) 3 (2.3) 1.00

Allergic reaction 8 (19.0) 16 (12.3) 0.31

Psoriasis 1 (2.3) 1 (0.8) 0.43

Flu-like syndrome 0 1 (0.8) 1.00

IBD: inflammatory bowel disease; VEO-IBD: very early-onset inflammatory

bowel disease.
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by deBruyn and colleagues, who showed in real-world
experience that children younger than age 10 years at
diagnosis had increased odds of requiring infliximab opti-
misation (odds ratio 6.5% confidence interval 2.0–21.1),
although age at infliximab start had no influence.12

Overall, our findings are less favourable than those
from the Children’s Hospital of Philadelphia (CHOP)
cohort,11 among which 66% of young children showed
a response to the induction of therapy and 36% con-
tinued maintenance therapy at one year. This difference
could be explained by our tighter definition of remis-
sion and by the different distribution of disease pheno-
type in the two cohorts. Indeed, contrary to the CHOP
cohort, the diagnosis of UC was more frequent in our
VEO-IBD patients, and infliximab has been reported to
be less effective in children with UC than CD (remission
rate at one year 55.8% and 28.6%, respectively, in the
two registration trials).9,10 Data on the safety profile of
infliximab were similar in the CHOP cohort and ours.

It could be hypothesised that the different efficacy of
infliximab in children treated before age 7 years is due
to the peculiarities of VEO-IBD and, in particular, to
the genetics and the role of mechanisms of inflamma-
tion in addition to the TNF pathway.

We tried to limit this possibility by excluding
patients with a monogenic VEO-IBD or with overt
immunological abnormalities.

On the other hand, the variability of infliximab
response among different age groups may be related
to pharmacokinetic factors dependent also on
anthropometric parameters.15 Indeed, weight and
body surface can influence infliximab clearance and
serum concentrations, which correlate with the possi-
bility of clinical and endoscopic remission16–18 and the
loss of efficacy during maintenance.19

The dosing of infliximab is weight based, but the
correlation between infliximab clearance and body
weight is not linear.20 Thus patients with lower body
weight (<40 kg) are expected to have about 40% lower
drug exposure: In other words, to achieve the desired
trough drug levels patients with low weight, meaning
young children, may require higher drug doses.

In a study by Hämäläinen and colleagues, young
children treated with the induction dose of 5mg/kg
had significantly lower levels of infliximab by week 2
even if the difference was less marked by week 6.21 In
the CHOP cohort, only eight among 22 patients whose
trough levels were obtained had detectable drug levels
with no anti-drug antibodies.

On this basis, it could be supposed that young chil-
dren with IBD should be treated with higher doses or
with more frequent administrations compared with
older children to improve the response to infliximab.

The strength of our study is its national collabora-
tive nature, the relatively high number of patients with

VEO-IBD that have been enrolled and in the direct
comparison between the cohort of young and the
cohort of older children.

However, several limitations should be considered
starting with the retrospective design of the study. The
distribution of IBD phenotype was not homogenous in
our two groups, UC being more frequent in VEO-IBD
children, and CD in older children, similarly, however,
to what has been reported in other large studies.22,23

To limit this bias, we performed subanalyses accord-
ing to the type of IBD and to specific disease character-
istics (i.e. perianal disease for CD patients) and the
findings remained consistent with the main analysis
(data not shown). However, the small numbers of
patients in each subgroup limited the significance of the
subanalyses, and a difference in the responses of the three
IBD phenotypes cannot be excluded entirely.

All VEO-IBD patients had an immunological work-
up, but only about 60% of VEO-IBD had genetic inves-
tigations; however, none of these children had a history
of severe infections or HLH, haematological or
immunological abnormalities or extraintestinal mani-
festations that have been reported to be suggestive for
a monogenic disorder.24

Moreover, we did not have data regarding infliximab
trough levels, and so we were not able to evaluate
whether children with VEO-IBD had lower levels of
infliximab compared with older patients. Thus we
cannot prove that the differences in clinical response
were due to different pharmacokinetic profiles.

Finally, endoscopic data were not available for the
majority of the patients, and faecal calprotectin levels
were incomplete, limiting the possibility to evaluate muco-
sal healing.

In conclusion, our study showed higher rates of fail-
ure and lower efficacy of infliximab treatment in chil-
dren with VEO-IBD. Larger prospective studies,
including the evaluation of trough drug levels, are
required to understand the pharmacokinetics of inflix-
imab in children with VEO-IBD and to develop new
treatment regimens to optimise infliximab’s efficacy and
safety in this group of patients.
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