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Abstract

Background: Infliximab (IFX) and adalimumab (ADA) are recommended for
induction and maintenance of remission in pediatric Crohn's disease (CD).
ADA is now often used in first line due to its efficacy and tolerability, but a loss
of response (LOR) can occur over time. The aim was to assess the efficacy of
IFX as second line therapy after LOR or intolerance to ADA in pediatric CD
patients at 1 year.

Methods: We conducted a retrospective and multicenter study in France
among the “GETAID pédiatrique” centers between April 2019 and April 2022.
CD patients under 18 years old and treated with IFX after ADA failure or
intolerance were included. We collected anthropometric, clinical, and biological
data at baseline (start of IFX), at 6 and 12 months. Clinical remission was
defined by a Weighted Pediatric CD Activity Index (wPCDAI) score less than
12.5 points.

Results: Of the 32 patients included in our study, 27 (84.4%) were still on IFX
at 12 months of the switch. Among them, 13 had discontinued ADA because of
a LOR, 12 for insufficient response and 2 due to primary nonresponse. At M12,
22 patients were in corticosteroid free clinical remission (68.7%). Under IFX,
the wPCDAI decreased over time (47.5+24.1, 16.6£21.2 and 9.7+19.0 at
MO, M6 and M12 respectively). The only factor associated with clinical
remission at 12 months was absence of perianal disease at the end of the IFX
induction.

Conclusions: IFX is effective in maintaining remission at 1 year in pediatric CD
patients experiencing a LOR or intolerance with ADA, and IFX could be an
interesting therapeutic choice instead of other biologics in this situation.
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1 | INTRODUCTION

Antitumor necrosis factor (anti-TNF-a) biologics are
efficacious to induce and maintain remission in adult
and pediatric Crohn's disease (CD) and are widely
used worldwide."™ Infliximab (IFX), a chimeric anti-
TNF-a antibody and Adalimumab (ADA), a humanized
anti-TNF-a agent are recommended in the manage-
ment of pediatric CD.*®

For many years, IFX was the first choice in pediatric
patients with moderate to severe CD after failure of
immunosuppressants. ADA is more recently used and
usually prescribed as a second line therapy in patients
with loss of response (LOR) or intolerance to IFX.
Because of its ease of use at home with subcutaneous
(SC) injections and its rapid effectiveness, ADA is now
often used as a first-line treatment especially in children.

Despite a good efficacy of anti-TNF-a, LOR is a major
concern in inflammatory bowel diseases (IBD) manage-
ment, as it occurs within 1 year in an estimated 13% of
patients treated with IFX and 20% of patients treated with
ADA.%7 One-third of the patients do not respond to
induction therapy (i.e., primary nonresponders) and
approximately 50% of initial responders lose response
along time (i.e., secondary LOR).> The LOR, whether
initial or late, may be due to an immunogenic effect
(presence of antidrug antibody), pharmacokinetic effect
(low trough concentrations without antidrug antibody) or
pharmacodynamic (adequate trough concentrations)
effect.” Management of patients with low or nonresponse
to anti-TNF-a is challenging for pediatricians since they
are the only biotherapies authorized in this population.
Therapeutic drug monitoring (TDM), defined as the
measurement of drug concentrations and anti-drug

anti-TNF-q, children, switch

What is New?

* We demonstrated the efficacy of IFX as
second line therapy after loss of response
(LOR) or intolerance to ADA in pediatric CD
patients at 1 year.

¢ |[FX could be an interesting therapeutic choice in
patients experiencing LOR to ADA before

switching for another class of biotherapy.

What is Known?

e Adalimumab (ADA) and Infliximab (IFX) are
recommended for induction and maintenance of
remission in pediatric Crohn's disease (CD).
Currently ADA is often used as first line therapy.

antibody, is an important tool for optimizing biologic
therapy. For example, patients with LOR due to low
trough levels without antibody will benefit from increased
doses. The recent ECCO-ESPGHAN guidelines recom-
mend that patients with pharmacodynamic LOR that is,
well in rang trough levels should be switched to an out-of-
class biologic.> Other biotherapies targeting different
inflammatory pathways such as vedolizumab or ustekinu-
mab have been developed for several years in adults and
have proved their efficacy to induce and maintain
remission.®® Ustekinumab and vedolizumab are also
efficacious in pediatric CD,'®"? but they are still used
off-label in pediatric CD patients as long-term data are still
lacking. The place of the different biotherapies remains to
be defined.
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The aim of our study was to describe disease
outcome at 1 year in pediatric CD patients who started
with SC ADA and were subsequently switched to
intravenous (IV) anti-TNF-a (IFX).

2 | MATERIAL AND METHODS

2.1 | Study design

A multicenter retrospective cohort study was conducted
among French pediatric gastroenterology centers,
members of the Groupe d'Etudes Thérapeutiques des
Affections Inflammatoires du tube Digestif Pédiatrique
(GETAID pédiatrique) in France. The GETAID pédia-
trique is a collaborative nationwide research network
on pediatric IBD in France. All centers of the “GETAID
pédiatrique” were contacted and asked to complete a
standardized and detailed questionnaire if they had
patients who fulfilled the inclusion criteria.

All patients aged under 18 years with CD who
had been treated with IFX after failure of ADA were
eligible for this study. Data were collected over a 3-
year period, between April 1, 2019 and April 1, 2022.
Patients were included in the study if they had a
confirmed diagnosis of CD, a follow-up of more than
3 months since diagnosis, and if they had been
treated as first line therapy with ADA with a switch to
IFX due to ADA failure, occurrence of side effects or
a LOR.

Patients with ulcerative colitis (UC) or IBD unclassified
were excluded from the study, as well as patients treated
with another biotherapy after failure of ADA.

2.2 | Outcomes

The primary outcome was sustained corticosteroid
(CS) free clinical remission at 1 year of IFX treatment.
Weighted Pediatric CD Activity Index (wPCDAI) was
used to assess disease activity at diagnosis and during
follow-up.’®'* Clinical remission was defined by a
wPCDAI disease activity score less than 12.5 points'®
and no treatment with CS.

Secondary outcomes were CS free clinical remission
rate at 6 months, clinical response rate at 6 and 12
months, defined as a wPCDAI disease activity score drop
of at least 17.5 points, and biological remission rate,
defined by normalization of serum albumin (>35g/L), C-
reactive protein (CRP) (<5mg/L) and erythrocyte sedi-
mentation rate (ESR) (<10 mm) at 6 and 12 months.

2.3 | Data collection

The diagnosis of CD needed to meet the revised Porto
Criteria and included clinical history, physical examination,

JECN
and endoscopic, histological and radiological findings.'®
Demographic

data included sex, age at diagnosis, referral center
of the patient. Disease location and disease behavior
were classified according to the Paris classification.'®

Data were collected regarding ADA treatment:
indication, date of first injection, total duration (months),
optimization during follow-up (increase of dosage or
decrease of interval between injections), immunization,
trough concentrations if available and finally the reason
for discontinuation of ADA (LOR, side effects,
immunization...).

We also noted data about IFX treatment: date of
first injection, initial induction scheme, maintenance
scheme (doses and infusion intervals), optimization of
IFX and concomitant immunosuppressive therapy
(Azathioprine, 6-mercaptopurine, and Methotrexate).

At diagnosis and every 6 months during follow-up,
clinical (wPCDAI, anthropometric data), biological and
therapeutic parameters were collected. Laboratory
parameters included inflammatory markers (ESR and
CRP), nutritional parameters (albumin), fecal calpro-
tectin and anti-drug antibodies. We also noted the
occurrence of complications such as disease flare,
hospitalization, perianal or intra-abdominal abscess,
fistula, need for surgery, serious infection, and any
other side effect attributed to IFX.

For patients in whom IFX was stopped during the study
and who therefore left the protocol, we analyzed the cause
of treatment discontinuation, the total duration of IFX, and
we also collected the current maintenance treatment.

The patients still treated with IFX at M12 were
divided in two groups: the first group, « responder »
patients, defined by clinical-biological remission (CS
free clinical remission and wPCDAI score < 12.5 points
at M12 under IFX), and the second group of « non-
responders » patients (no remission under treatment).
These two groups were compared on clinical and
biological criteria at diagnosis and at initiation of IFX to
individualize prognostic factors of response to IFX.

2.4 | Statistical analysis

Qualitative variables were described with frequencies and
percentages. Quantitative variables were expressed as
mean and standard deviation. We compared two groups
of patients: the « IFX responders» and the « non-
responders». Chi-square tests with Fisher correction
were used to address any differences for categorical
variables, as needed. A Wilcoxon test was used to
compare quantitative variables between those two
groups. The statistical tests were conducted over the
medians, due to small study samples and non-normal
distribution of data. A p Value less than 0.05 was defined
as statistically significant. Statistical analyses were
performed using SAS software version 9.4. The data
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UM
underlying this article will be shared on reasonable
request to the corresponding author.

3 | RESULTS

3.1 | Patients' characteristics
Between April 1, 2019, and April 1, 2022, 32 patients
from 12 out of the 39 « GETAID pédiatrique » centers in
France, were included in the study.

Patients' characteristics at inclusion are presented in
Table 1. Mean age at diagnosis of CD was 122+2.5
years. Most patients had ileocolonic involvement (43.8%)

and inflammatory phenotype B1 (30 patients, 93.8%).
Four patients (12.5%) had a perianal disease at diagnosis.
Two third of the patients (68.8%) presented with growth
impairment at diagnosis.

In 21 patients (65.6%) ADA was introduced due to
active CD despite previous treatments. Other indica-
tions for ADA were the presence of severe ileocecal
CD at diagnosis in nine patients (28.1%), CS
dependency in three patients (9.4%), or the presence
of side effects in previous treatments in one patient
(8.1%). Mean age at first injection of ADA was
13.3+2.7 years. Twenty-nine patients underwent
drug optimization: 11 patients (34.4%) needed a
dose increase regimen, and 18 (56.3%) a reduction

TABLE 1  Patients characteristics.
Patients Total (n=32)
Baseline (at CD diagnosis)
Sex ratio (M/F) 1
Age at diagnosis (year, mean + standard deviation) 122+25

Disease location (n, %)

L1

L2

L3

L4a

L4b

Phenotype (n, %)

B1

B2

B3

Perianal disease at diagnosis (n, %)

Growth impairment (n, %)

At initiation of ADA

Age at introduction of ADA (years, mean + standard deviation)
ADA increase dosage (n, %)

Increased frequency of ADA injections (n, %)

Presence of antibodies against ADA (n, %)

Duration of ADA treatment (months, mean + standard deviation)
At initiation of IFX

Duration of CD at MO of IFX (years, mean + standard deviation)
Age at introduction of IFX (years, mean + standard deviation)
Combotherapy with IFX (AZA, 6-MP or MTX) (n, %)

Induction scheme (n, %)

5mg/kg at WO-W2-W6 (Conventional)

10 mg/kg at WO-W2-W6

5 mg/kg WO-W2-W4-W6

11 (34.3%)
7 (21.9%)
14 (43.8%)
8 (25%)

0 (0%)

30 (93.8%)
9 (28.1%)
1(3.1%)

4 (12.5%)
22 (68.8%)

13.3+2.7
11 (34.4%)
18 (56.3%)
3 (11.1%)

16.1+15.4

25+15
14.6+24
26 (81.3%)

21 (66%)
10 (31.3%)
1(3.1%)

Note: The results of the qualitative values are expressed as the mean, with its standard deviation.
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of intervals between doses (weekly). The mean
duration of ADA was 16.1+15.4 months. Twenty-
five patients (78%) received ADA on monotherapy
without immunosuppressant. For 11 (34%) patients,
ADA trough level was available at time of the switch.
Mean trough level was 12.2+7.8 ug/mL. Eight
patients among this subgroup had trough levels
higher then 7.5pg/mL and three patients with low
trough level developed ADA antibodies at the end of
the treatment.

ADA was discontinued due to LOR in 17 patients
(53.1%), partial response in 13 patients (40.6%) and
primary nonresponse in two patients (6.3%). No patient
stopped ADA due to side effects.

At first IFX infusion, the mean duration of the
disease was 2.5+ 1.5 years with a mean age of the
patients of 14.6+2.4 years. Twenty-six patients
(81.3%) were on concomitant medical therapy during
IFX treatment (AZA, 6-MP, or MTX). The IFX induction
scheme was conventional for most patients, that
is, 5mg/kg at Weeks 0, 2, and 6 (21 patients, 66%).
Nine patients (28.1%) had an induction scheme of
10 mg/kg of IFX, while the others (23 patients, 71.9%)
had received 5 mg/kg.

3.2 | Outcomes

The flow chart is shown in Supporting Information Data,
(Figure 1). At the end of IFX induction scheme, one
patient discontinued IFX due to primary nonresponse to
IFX and need for urgent surgery. At 6 and 12 months,
29 (90.6%) and 27 (84.4%) patients respectively were
still treated with IFX. Five patients (15.6%) were
switched out of class and treated with another

e

At M12, among the 27 patients still treated by IFX, 22
(81.5%) were in CS free clinical remission, 1 (3.7%)
had a significant therapeutic response to IFX and 4
(14.8%) had no response. Finally, CS free clinical
remission rate was 68.7% (22 patients out of 32). Four
patients (12.5%) were on concomitant partial EEN with
IFX and two patients (6.2%) received steroids.

Induction of clinical remission at W10 (1 month after
the end of IFX induction scheme) was obtained in 11
patients, while nine patients showed a clinical response.
One patient was nonresponder to IFX induction therapy.
Dosing of IFX was 6.2 +4.2 uyg/mL.

At M6 of IFX therapy, 29 patients (90.6%) were still
treated with IFX, with 16 patients (55.2%) in CS free
clinical remission and six patients (20.7%) with a significant
therapeutic response. Seven patients (24.1%) were
nonresponder to IFX, although treatment was pursued.
Three patients (9.4%) were no longer treated with IFX
(Figure 1).

3.2.1 | Clinical remission

3.2.2 | Biological response

Along time, we observed a decrease of inflammatory
parameters as shown in Figure 2. CRP decreased from
20.8+334mg/L at MO, to 33+64mglL at Mi2
(p=0.12), while the ESR decreased from 42.7+
37.9mm/h to 18.4+21.8mm/h at M12 (p=0.02). The
albumin increased from 34.8+6.0g/L at MO, to 41.1+
3.9¢g/L at M12 (p=0.018). Those results are statistically
significant between M0-M6 and MO0-M12. Under IFX, the
WPCDAI decreased over time (47.5+24.1, 16.6+21.2
and 9,7 +19.0) at MO, M6 and M12 respectively (p < 0.001
for MO-M6 and MO-M12, p =0.03 for M6-M12) (Figure 2).

M Clinical Remission (CS free and
wPCDAI <12.5)

M Therapeutic response (wPCDAI drop
of at least 17.5 points)

No response

M Treatment failure: stop of IFX

biotherapy.
35
30
25
20
15
10
. 12 7 i
| SRR
Week 10 6 months 12 months
FIGURE 1 Response to IFX treatment at 10 weeks, 6 months and 12 months. IFX, infliximab.
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ESR Albumin
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CRP wPCDAI
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Pl y——

FIGURE 2 Comparison of clinical and biological parameters in patients under IFX at 0, 6, and 12 months. IFX, infliximab.

Patient weight improved significantly over 12
months of IFX while height remained stable (Table S1).

Nine (28.1%) patients were optimized during follow up
with increase of the doses of IFX from 5 to 10 mg/kg. No
patient developed antibodies against IFX during follow-up.
The mean IFX trough level was 8.0 +5.2 yg/mL at M6 and
8.5+5.4pug/mL at M12. The mean interval between IFX
infusions was 5.0+1.4 weeks at M6 and M12. It was
necessary to decrease intervals between infusions in three
patients (10.3%) at M6 and four patients (14.8%) at M12.

Complications during IFX treatment (relapse, sur-
gery, hospitalization, abscess, serious infection, side
effect [infusion reaction, skin adverse event...]) were
rare, concerning five patients over 29 (17.2%) at M6
and four patients over 27 (14.8%) at M12,3 of whom
already had complications at M6.

Abscesses occurred in four patients (13.8%) within
6 months: three patients developed perianal abscesses,
and one patient had intra-abdominal abscess of the
terminal ileum. Surgery was required within the first 6
months of IFX in two of these patients (6.9%). One patient
underwent resection of distal ileum due to an abscess, and
the other had a surgical drainage of perianal lesion.

At M12 we observed a fistula closing in one patient
with perianal disease, but the two other ones had
persistent active perianal disease.

One patient experienced a relapse at M6, and one
other at M12 (3.4% and 3.7% respectively).

No serious infection nor treatment-related side effect
during follow-up were reported.

3.3 | Comparison of responders and
nonresponder patients at M12

Among the 27 patients still on IFX at M12, 22 patients
(81.5%) were responders, and five patients (18.5%)
were nonresponders. The comparison of these two

groups is presented in Table 2. There was no difference
between both groups regarding sex ratio, disease
location and phenotype. Nonresponder patients (three
patients out of five) had significantly more perianal
disease at the initiation of IFX than responders (two
patients out of 22) (60% vs. 9%; p =0.03). Twenty-one
(65.6%) patients on IFX had measurement of
TDM during treatment. Responders had significantly
higher IFX trough levels at M6 than non responders
(9.1 pg/L+5.3 vs. 3.6 £2.5; p=0.04).

In patients for whom ADA was discontinued due to a
secondary LOR (n=17), there were 42.9% and 92.3% of
patients responding to IFX at M6 and M12, respectively.
When ADA was stopped in case of partial but insufficient
response (n=13), 69.2% and 66.7% of patients were
responders to IFX at M6 and M12, respectively. Finally, in
case of discontinuation of ADA for primary nonresponse
(n=2), 50% and 100% of patients were responders to IFX
at M6 and M12, respectively (2 patients). The duration of
ADA treatment tended to be shorter in the responder group
(n=22) versus nonresponders (n=5), but it was not
statistically different (13.3 +10.2 months in the responder
group vs. 24.8 + 30.3 months in the nonresponder group).
Three patients out of 5 on the nonresponder group and
eight patients out of 22 in the responder group had data
regarding ADA trough level. In the eight patients' responder
to IFX, their median ADA trough level was 12 pg/mL,""
with a trough level less than 7.5 in only one patient. On the
contrary the three nonresponder patients had median
trough level of 6.3ug/mL (2.7-18.5); one of the three
patients had a rate > 7.5 pg/mL.

Mean IFX trough level at the end of the induction
scheme was higher in responders than in nonrespon-
ders (6.7 £3.8 yg/mL vs. 4.5 +6.3 ug/mL), but it did not
reach statistical significance due to the small sample
size. At M12, mean trough level was 9.1 +5.7 ug/mL
and 6.1 +3.7 pg/mL in responders and nonresponders
respectively (p =0.38).
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TABLE 2 Comparison of responders and nonresponders to Infliximab at M12.

Patients Responders (n=22) Nonresponders (n=5) p Value
Sex ratio (M/F) 1 0.7 1.0
Disease location (n, %)

L1 6 (27.3%) 3 (60%) 0.29
L2 6 (27.3%) 0 (0%) NA
L3 10 (45.4%) 2 (40%) 1.0
Phenotype (n, %)

B1 21 (95.5%) 4 (80%) 0.34
B2 5 (22.7%) 2 (40%) 0.58
B3 0 (0%) 1 (20%) NA
Perianal disease at CD diagnosis (n, %) 3 (13.6%) 1 (20%) 1.0
Perianal disease at the end of induction (n, %) 2 (9%) 3 (60%) 0.03
Failure to thrive at diagnosis (n, %) 15 (68.2%) 2 (40%) 0.32
Duration of ADA treatment (months, mean + SD) 13.3+10.2 24.8+30.3 0.97
Combotherapy (AZA, 6-MP or MTX) (n, %) 19 (86.4%) 2 (40%) 0.06
Duration of CD at MO (years, mean + SD) 23+1.3 2.8+22 1.0
Trough level of Infliximab at the end of induction (pg/mL pg/mL, mean+SD) 6.7+3.8 45+6.3 0.15
Trough level of Infliximab at M6 (ug/mL, mean + SD) 9.1+53 3.6x25 0.04
Trough level of Infliximab at M12 (ug/mL, mean + SD) 9.1+57 6.1+3.7 0.38
CRP at MO (mg/L, mean + SD) 17.8+£27.6 33.9+54.6 0.30
ESR at MO (mm/h, mean + SD) 36.1+32.9 71.4+48.9 0.12
Albuminemia at MO, (g/L, mean + SD) 358+5.4 30.5+7.4 0.15
wPCDAI at MO, (mean + SD) 448+21.4 59.5+33.9 0.37
Change in weight M0-M12 (SD) -1.03+1.5 0.3+1.9 0.007
Change in height MO-M12 (SD) -05+1.2 -02x1.2 0.07

Note: The results of the qualitative values are expressed as the mean, with its standard deviation.

The use of combination therapy with an immuno-
suppressant was associated with a better response to IFX:
86.4% of responders (n=19) were under combotherapy,
while only two patients (40%) of nonresponders
(p=0.056). Half (50%, n=11) of responders were
optimized (increase IFX doses and/or closer infusions) at
M6 and 31.8% (seven patients) at M12, while among the
five nonresponder patients at M12, two patients (40%)
were intensified at M6 and three patients (60%) at M12.

Inflammatory parameters tended to be higher in
nonresponders versus responders, although this differ-
ence was not significant (Table 2).

3.4 | Outcome of patients who failed IFX
Among the 32 patients included in our study, five patients
(15,6%) were no longer on IFX at M12. Five patients were
switched before M6. One patient stopped IFX due to

clinical worsening despite IFX medication, two other
patients underwent surgery, one patient had a CD severe
complication (abscess), and one patient did not reach
mucosal healing during the follow-up. Currently, two of
these patients are successfully treated with ustekinumab,
two with ADA and one with vedolizumab.

4 | DISCUSSION

The aim of our study was to investigate disease outcome
of pediatric CD patients who started with SC anti-TNF-a
(ADA) and subsequently switched to IV anti-TNF-a (IFX).
We were able to show that a large number of pediatric CD
patients (68.7%) who switched to IV therapy with IFX after
ADA failure could be maintained in remission at 1 year with
84.4% of our patients still on IFX at 1 year, among which
81.5% of them were in clinical and biological remission.
Only a small proportion of patients failed IFX during the 12
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months follow-up. IFX therefore appears to be an effective
second-line treatment after failure of ADA.

To our knowledge, this is the first report evaluating the
efficacy and outcome of pediatric CD patients switched
from SC to IV anti-TNF-a treatment. Few studies are
published on this topic in adult CD and UC patients.
Historically, IFX was used as a first line treatment with a
switch to SC anti-TNF-a biotherapy in case of IFX failure.
With increasing use of first line SC anti-TNF-o, IFX tends
to be reserved for severe or refractory disease. In case of
LOR to SC anti-TNF-a, patients are usually switched to
another class of biologics.® Indeed, the switch from SC to
IV anti-TNF-a is not very common, which explains why we
have only a few cases reported, even though we
contacted all the French pediatric IBD centers in the
“GETAID pédiatrique.”

In 2018, Peeters et al conducted a prospective,
observational, multicentric cohort study, including 21 adults
with CD who had failed ADA."” Remission was obtained in
25% of patients at 6 months after the switch with a median
IFX trough level within the therapeutic objectives (5 pg/
mL), and 20% at 12 months, with a median trough level
below the therapeutic objectives (3.4 pg/mL)."” The differ-
ences with our study may be explained by a smaller
sample size in their study, a lower IFX trough level, or a
poorer response of adults to biotherapies. Indeed, the
response to biotherapies is particularly excellent in
children, probably due to the shorter duration of the
disease. In contrast, in this study, IFX was maintained in
81% patients at M12, a proportion similar to ours."”
Mizoshita et al. in 2016, showed that 17.6% of patients
treated with ADA were switched to IFX due to ADA failure,
and had maintained prolonged remission after intensifying
IFX." Grau et al, who studied the efficacy of a second
anti-TNF-o after failure of a first one, showed that 76%,
68% and 64% of their patients were in remission at M12,
M18 and M24 respectively, a proportion which is similar to
our results.’ Gagniére et al, in 2015, studied the efficacy
of retreating with IFX 61 adults with CD who had failed IFX
and then ADA.?° This study showed that 42% of patients
were in remission 6 to 8 weeks after re-induction of IFX, a
proportion similar to what we found, and this remission
was predictive of a long-term therapeutic response
(p =0.006).%° A short interval between the first and second
treatment with IFX was predictive of a better response to
the second IFX line (p =0.017).%°

In UC, there has been one study on SC/IV anti-TNF-a
switch in adults.?' Clinical remission at 12 months was
achieved in up to 77% of patients who stopped the SC
agent for LOR, and in up to 47% of patients who
discontinued ADA or golimumab (GOL) due to primary
nonresponse.?’ The overall remission rate was 50%.>"
Since ADA has just recently been authorized for UC in
children, there is no pediatric study on the efficacy of IFX
after ADA failure in children with UC. Second-line
treatment with IFX after a first anti-TNF-o therefore
appears to be an attractive option in adult and pediatric

patients with CD before considering a different therapeutic
class.

To highlight prognostic factors that could explain
success or failure of IFX, we compared responder and
nonresponder patients. Our results showed a better
response in patients receiving combotherapy, although
this result was not statistically significant (p =0.056). A
study in adults with CD failing IFX then ADA with
reintroduction of IFX showed that concomitant immu-
nosuppressive therapy with IFX was a predictor of
longer efficacy of IFX.2°

The reason why ADA is stopped appears to influence
the response to IFX. In UC patients, Viola et al showed
that patients who switched for LOR had better clinical
remission rates than patients who switched for primary
failure, also it was not statistically significant®’ A
systematic review including 46 studies (37 for CD, 8 for
UC, and 1 for pouchitis) investigated the efficacy of a
second anti-TNF-« after failure of the first.2? The remission
rate was higher when the reason to withdraw the first anti-
TNF-a is intolerance (61%), compared with secondary
(45%) or primary failure (30%).22 An observational study,
conducted in Spain in 2012 which included 15 adults with
CD under IFX after failure of ADA also showed that
response was better in patients for whom ADA was
stopped in case of LOR or side effects, compared to those
with primary nonresponse to ADA.?® Thus, the efficacy of
a second anti-TNF-a in IBD patients largely depends on
the reason for switching. IFX appears to be a good
therapeutic alternative to ADA in adults with CD in whom
ADA has been stopped in case of LOR or side effects.?®
On the contrary, in case of primary nonresponse to ADA,
it seems better to use another class of biotherapy.?®> With
only two patients with primary nonresponse to ADA in our
cohort, we can't conclude on this point. Children with LOR
or partial response to ADA seems to have greater clinical
remission rate with IFX. One explanation for such
differences could be drug trough levels. Low trough level
is associated with decreased therapeutic response.?*
Some studies highlighted that children need higher trough
level to obtain remission.>?> We can hypothesize that
some children had primary nonresponse to ADA due to
low trough level. The switch to IV IFX with better dosage
calculated with the children's weight could help to have
higher therapeutic trough level and then better response
to anti-TNF-a. Drug trough levels are different between 1V
and SC administration. For ADA, recommended trough
levels are higher than those recommended for IFX.°
Indeed, pharmacokinetic of anti TNF drugs are different
between IV and SC. With SC ADA there are slow
absorption rate following administration, slow elimination
rate, and uniform concentration-time profiles at steady
state.?® In contrast, with IFX's IV administration, there are
high loading doses, high maintenance doses with very
high peaks and low minimums and hence high peak-to-
trough ratios. For the 5 and 10 mg/kg IFX infusions, these
ratios grow to about 20 and 40 times for ADA,
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respectively. Such differences in pharmacokinetics over
time could explain better response with IV IFX in our
patients. Interestingly, we observed that children with LOR
to ADA with adequate trough level (>7.5) better respond to
IFX than the others may be due to differences in
pharmacokinetic of the drugs. This is a very important
result for clinical practice.

In the literature, intensification of IFX treatment is
observed in half of adults with CD at 6 months, and
75% of patients at 12 months."” Another study showed
that IFX was intensified in one-third of patients,
achieving or regaining remission in 37% of patients.'®
Children are often escalated and sometimes earlier
than adult. Jongsma et al even suggested intensifica-
tion of the induction scheme in children younger than
10 years to optimize clinical response.?®

In our study, the presence of perianal disease at the
end of induction with IFX, a known criteria for CD
severity,>2” was much more frequent in the non-
responder group than in responders (60% vs. 9%,
p =0.03). A retrospective, multicenter study from 2016
supports our results: the rate of remission was lower in
patients for whom anti-TNF-a was introduced due to a
perianal disease (p = 0.005)."°

We also showed that responders exhibited lower
inflammatory markers at baseline than nonresponders.
These results are not significant, probably due to a
small sample size. We can hypothesize that lower
inflammatory markers could reflect milder disease thus
leading to better response to IFX. Patients with very
severe CD (perianal disease, inflammatory phenotype,
etc.) are more difficult to control, due to a poorer
response to biotherapies, and practitioners should
consider a more aggressive therapeutic approach
using a “Top-Down” strategy.

Although the results were not statistically signifi-
cant, our study found that nonresponders had lower
IFX trough levels than responders over time. This is
probably one of the reasons of lack of response to IFX
and lead to therapeutic issues by optimizing doses and
intervals of IFX infusions.

One of the barriers to the switch from SC to IV infusion
is the need for hospitalization. To improve the patient's
quality of life, IFX in a SC form is currently used in adult
population. In 2021, Schreiber et al conducted a multi-
centre randomized controlled trial of noninferiority in 131
adults to compare the IV and SC forms of IFX in the
treatment of IBD.?® The authors showed that the SC form
is noninferior to the IV form, and that IFX trough levels are
even higher with the SC form, and higher than the
therapeutic targets for the IV form (>5pg/mL).?® It is
therefore possible to make a place in the future for IFX in
SC injections after failure of ADA in children.

In our study, we observed that over time, some
patients failed IFX, and required a switch to another
biotherapy, such as vedolizumab or ustekinumab.

e

We believe that it is necessary to pursue this
study on a larger scale, and to assess the efficacy of
the switch to define the exact place of each
treatment. It would be interesting to stratify patients
on their pharmacokinetic of ADA and especially to
study the sub population of patients failing ADA with
adequate trough level to decipher if those patients
should be switch to IFX or out of class with another
biologic. Our study on very few data suggests that
those patients with adequate trough level of ADA
could respond to IFX but more studies are needed to
conclude.

Our study has some limitations: it is an observa-
tional, retrospective study with a small number of
patients. However, our study is the first to investigate
the switch from ADA to IFX in children with CD. Even
though we only have a small sample size, our study is
multicentre and exhaustive since it included all French
pediatric centers. We were only able to include 32
patients across France, which suggests that this
therapeutic switch still concerns few patients.

5 | CONCLUSION

The results of our study show that the switch from SC
ADA to IV IFX is effective, allowing to obtain a clinical
remission at 1 year in up to 70% of patients with
decrease of inflammatory markers. This therapeutic
strategy is therefore a good alternative in case of ADA
failure, whatever the reason of discontinuation of ADA.
IFX remains a treatment to consider for a patient who
has failed ADA before switching to a new therapeutic
class, such as ustekinumab or vedolizumab.

ACKNOWLEDGMENTS
Guarantor of the article: Bénédicte Pigneur.

CONFLICT OF INTEREST STATEMENT
Claire Dupont: has received consultant fees from
ABBVIE. Frank M. Ruemmele received consultation
fee, research grant, or honorarium from Janssen,
Pfizer, Abbvie, Takeda, Celgene, Nestlé Health Sci-
ence, Nestlé Nutrition Institute. Bénédicte Pigneur has
served as a speaker and a consultant member for
Abbvie and Amgen. The remining authors declare no
conflict of interest.

ETHICS STATEMENT

Patients and parents gave their informed consent for
participation in this study. The study was approved by
the “Groupe Francais d'Hépatologie Gastro-entérologie
et Nutrition Pédiatrique” (GFHGNP) Review Boards
(n°2022-039) for the ethical approval and the French
national data protection agency (Commission nationale
de l'informatique et des libertés n°2222662 v 0).

85UBD1T SO A1) 3 |gedt|dde ay) Aq pausenoh ale sapiLe YO ‘sn Jo sajni 10} Akeiqi]auljuQ A8|IA\ UO (SUOIPUOD-PUB-SWISY WD AB 1M Aze.q 1pUIUO//:SdNY) SUORIPUOD pue SWd | 8U) 89S *[z0z/v0/.T] uo Ariqiauluo AB|IMm ‘dH-dv sired 8@ xreyidoH anbijgnd aduesssy Aq #7021 cud [/200T 0T/10p/wiod A8 1M Azeuq 1 putjuo//sdny wouy pepeojumoq ‘0 ‘TO8Y9EST



© e

LECOUTOUR ET AL.

ORCID

Bénédicte Pigneur

http://orcid.org/0000-0002-

5324-9964

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Hyams J, Crandall W, Kugathasan S, et al. Induction and
maintenance infliximab therapy for the treatment of moderate-
to-severe Crohn's disease in children. Gastroenterology.
2007;132:863-873. doi:10.1053/j.gastro.2006.12.003

Hanauer SB, Feagan BG, Lichtenstein GR, et al. Maintenance
infliximab for Crohn's disease: the ACCENT | randomised trial.
Lancet. 2002;359:1541-1549. doi:10.1016/S0140-6736(02)08512-4
Colombel J-F, Sandborn WJ, Rutgeerts P, et al. Adalimumab for
maintenance of clinical response and remission in patients with
Crohn's disease: the CHARM trial. Gastroenterology. 2007;132:
52-65. doi:10.1053/j.gastro.2006.11.041

Ruemmele FM, Veres G, Kolho KL, et al. Consensus guidelines
of ECCO/ESPGHAN on the medical management of pediatric
Crohn's disease. J Crohn's Colitis. 2014;8(10):1179-1207.
doi:10.1016/j.crohns.2014.04.005

van Rheenen PF, Aloi M, Assa A, et al. The medical
management of paediatric crohn's disease: an ECCO-
ESPGHAN guideline update. J Crohn's Colitis. 2020;7:jjaa161.
doi:10.1093/ecco-jcc/jjaal161

Gisbert JP, Panés J. Loss of response and requirement of
infliximab dose intensification in crohn's disease: a review. Am
J Gastroenterol. 2009;104:760-767. doi:10.1038/ajg.2008.88
Billioud V, Sandborn WJ, Peyrin-Biroulet L. Loss of response
and need for adalimumab dose intensification in crohn's
disease: a systematic review. Am J Gastroenterol. 2011;106:
674-684. doi:10.1038/ajg.2011.60

Feagan BG, Sandborn WJ, Gasink C, et al. Ustekinumab as
induction and maintenance therapy for crohn's disease. N Eng/
J Med. 2016;375:1946-1960. doi:10.1056/NEJMoa1602773
Sandborn WJ, Feagan BG, Rutgeerts P, et al. Vedolizumab as
induction and maintenance therapy for Crohn's disease. N Engl/
J Med. 2013;369:711-721. doi:10.1056/NEJMoa1215739
Hyams JS, Turner D, Cohen SA, et al. Pharmacokinetics,
safety, and efficacy of intravenous vedolizumab in paediatric
patients with ulcerative colitis or crohn's disease: results from
the phase 2 HUBBLE study. J Crohn's Colitis. 2022;16(8):
1243-1254. doi:10.1093/ecco-jcc/jjac036

Bishop C, Simon H, Suskind D, Lee D, Wahbeh G. Ustekinumab in
pediatric crohn disease patients. J Ped Gastroenterol Nultrit.
2016;63:348-351. doi:10.1097/MPG.00000000.00001146
Chavannes M, Martinez-Vinson C, Hart L, et al. Management of
paediatric patients with medically refractory crohn's disease
using ustekinumab: a multi-centred cohort study. J Crohn's
Colitis. 2019;13:578-584. doi:10.1093/ecco-jcc/jjy206

Turner D, Levine A, Walters TD, et al. Which PCDAI version
best reflects intestinal inflammation in pediatric crohn disease?
J Ped Gastroenterol Nutrit. 2017;64:254-260. doi:10.1097/
MPG.0000000000001227

Turner D, Griffiths AM, Walters TD, et al. Mathematical
weighting of the pediatric Crohn's disease activity index
(PCDAIl) and comparison with its other short versions.
Inflamm Bowel Dis. 2012;18:55-62. doi:10.1002/ibd.21649
Levine A, Koletzko S, Turner D, et al. ESPGHAN revised porto
criteria for the diagnosis of inflammatory bowel disease in
children and adolescents. J Ped Gastroenterol Nutrit. 2014;58:
795-806. doi:10.1097/MPG.0000000000000239

Levine A, Griffiths A, Markowitz J, et al. Pediatric modification of
the Montreal classification for inflammatory bowel disease: the
Paris classification. Infamm Bowel Dis. 2011;17:1314-1321.
doi:10.1002/ibd.21493

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Peeters H, Louis E, Baert F, et al. Efficacy of switching to
infliximab in patients with crohn's disease with loss of response
to adalimumab. Acta Gastro-Enterol Belg. 2018;81(1):15-21.
Mizoshita T, Tanida S, Ozeki K, et al. Long-Term clinical
remission in biologically naive crohn's disease patients with
adalimumab therapy, including analyses of switch from adali-
mumab to infliximab. Case Rep Gastroenterol. 2016;10:
283-291. doi:10.1159/000445105

R-Grau MC, Chaparro M, Mesonero F, et al. Effectiveness of
anti-TNFa drugs in patients with Crohn's disease who do not
achieve remission with their first anti-TNFo agent. Dig Liver Dis.
2016;48:613-619. doi:10.1016/j.dId.2016.02.012

Gagniere C, Beaugerie L, Pariente B, et al. Benefit of infliximab
reintroduction after successive failure of infliximab and adali-
mumab in crohn's disease. J Crohn's Colitis. 2015;9:349-355.
doi:10.1093/ecco-jcc/jju024

Viola A, Pugliese D, Renna S, et al. Outcome in ulcerative colitis
after switch from adalimumab/golimumab to infliximab: a
multicenter retrospective study. Digest Liver Dis. 2019;51:
510-515. doi:10.1016/j.dId.2018.10.013

Gisbert JP, Marin AC, McNicholl AG, Chaparro M. Systematic
review with meta-analysis: the efficacy of a second anti-TNF in
patients with inflammatory bowel disease whose previous anti-
TNF treatment has failed. Aliment Pharmacol Ther. 2015;41:
613-623. doi:10.1111/apt.13083

Chaparro M, Andreu M, Barreiro-de Acosta M, et al. Effective-
ness of infliximab after adalimumab failure in crohn's disease.
World J Gastroenterol. 2012;18(37):5219-5224. doi:10.3748/
wjg.v18.i37.5219

Roblin X, Marotte H, Rinaudo M, et al. Association between
pharmacokinetics of adalimumab and mucosal healing in
patients with inflammatory bowel diseases. Clin Gastroenterol
Hepatol. 2014;12:80-84. doi:10.1016/j.cgh.2013.07.010
Jongsma MME, Winter DA, Huynh HQ, et al. Infliximab in young
paediatric IBD patients: it is all about the dosing. Eur J Pediatr.
2020;179:1935-1944. doi:10.1007/s00431-020-03750-0
Nestorov |. Clinical pharmacokinetics of tumor necrosis factor
antagonists. J Rheumatol Suppl. 2005;74:13-18.

Bouguen G, Levesque BG, Feagan BG, et al. Treat to target: a
proposed new paradigm for the management of crohn's disease.
Clin Gastroenterol Hepatol Off Clin Pract J Am Gastroenterol
Assoc. 2015;13:1042-1050.e2. doi:10.1016/j.cgh.2013.09.006
Schreiber S, Ben-Horin S, Leszczyszyn J, et al. Randomized
controlled trial: subcutaneous vs intravenous infliximab CT-P13
maintenance in inflammatory bowel disease. Gastroenterology.
2021;160:2340-2353. doi:10.1053/j.gastro.2021.02.068

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Lecoutour A, Dupont C,
Caldari D, et al. Efficacy of infliximab after loss of
response of/intolerance to adalimumab in
pediatric Crohn's disease: a retrospective
multicenter cohort study of the “GETAID
pédiatrique”. J Pediatr Gastroenterol Nutr.
2024;1-10. doi:10.1002/jpn3.12044

85U8017 SUOLILLOD BATea1D 3|cedldde aup Aq pauseno ae S9[o1e YO ‘88N JO S8|NJ o} Akeid18UlUO A8|IM UO (SUO1IPUOD-pUe-SWLB} WD A8 |ImAe1q 1pul|Uo//SdnL) SUORIPUOD pue SWB | 81 88S *[202/70/.T] uo Ariqiauliuo A(1M ‘dH-dv sied 8@ xmeldoH anbijand souesss Aq #4021 €ud /00T 0T/I0p/woo A8 1M Aeiq Ut |uoy/Sdny wouy papeojumod ‘0 ‘TOSFIEST


http://orcid.org/0000-0002-5324-9964
http://orcid.org/0000-0002-5324-9964
https://doi.org/10.1053/j.gastro.2006.12.003
https://doi.org/10.1016/S0140-6736(02)08512-4
https://doi.org/10.1053/j.gastro.2006.11.041
https://doi.org/10.1016/j.crohns.2014.04.005
https://doi.org/10.1093/ecco-jcc/jjaa161
https://doi.org/10.1038/ajg.2008.88
https://doi.org/10.1038/ajg.2011.60
https://doi.org/10.1056/NEJMoa1602773
https://doi.org/10.1056/NEJMoa1215739
https://doi.org/10.1093/ecco-jcc/jjac036
https://doi.org/10.1097/MPG.00000000.00001146
https://doi.org/10.1093/ecco-jcc/jjy206
https://doi.org/10.1097/MPG.0000000000001227
https://doi.org/10.1097/MPG.0000000000001227
https://doi.org/10.1002/ibd.21649
https://doi.org/10.1097/MPG.0000000000000239
https://doi.org/10.1002/ibd.21493
https://doi.org/10.1159/000445105
https://doi.org/10.1016/j.dld.2016.02.012
https://doi.org/10.1093/ecco-jcc/jju024
https://doi.org/10.1016/j.dld.2018.10.013
https://doi.org/10.1111/apt.13083
https://doi.org/10.3748/wjg.v18.i37.5219
https://doi.org/10.3748/wjg.v18.i37.5219
https://doi.org/10.1016/j.cgh.2013.07.010
https://doi.org/10.1007/s00431-020-03750-0
https://doi.org/10.1016/j.cgh.2013.09.006
https://doi.org/10.1053/j.gastro.2021.02.068
https://doi.org/10.1002/jpn3.12044

	Efficacy of infliximab after loss of response of/intolerance to adalimumab in pediatric Crohn's disease: A retrospective multicenter cohort study of the 
	1 INTRODUCTION
	2 MATERIAL AND METHODS
	2.1 Study design
	2.2 Outcomes
	2.3 Data collection
	2.4 Statistical analysis

	3 RESULTS
	3.1 Patients' characteristics
	3.2 Outcomes
	3.2.1 Clinical remission
	3.2.2 Biological response

	3.3 Comparison of responders and nonresponder patients at M12
	3.4 Outcome of patients who failed IFX

	4 DISCUSSION
	5 CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




