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REVIEW

Efficacy and Safety of Infliximab in Pediatric
Crohn Disease: A Systematic Review

and Meta-Analysis

Sophia Li, Christopher Reynaert, Annie Ling Su, and Sonja Sawh

ABSTRACT

Background: Crohn disease is an inflammatory bowel disease with
intermittent symptoms relating to damage to the gastrointestinal tract.
Compared with adult-onset Crohn disease, the childhood-onset form is
more likely to be severe. Infliximab has shown efficacy in adult patients.

Objective: To examine the efficacy and safety of infliximab in pediatric
Crohn disease, by means of a systematic review.

Data Sources: Three databases (MEDLINE, Embase, and Cochrane
Central Register of Controlled Trials) and regulatory documents were
scarched from inception to December 2017. Clinical trial registries,
conference abstracts, and reference lists were searched to March 2018.

Study Selection and Data Extraction: Randomized controlled trials
(RCTs) and prospective cohort studies that compared infliximab with
active control were included in the analysis. Two reviewers independently
performed screening, extracted data, and assessed risk of bias. The primary
outcomes were induction and maintenance of endoscopic remission and
severe adverse effects.

Data Synthesis: Three eligible RCTs comparing different dose regimens,
16 prospective cohort studies comparing infliximab with other therapies
(adalimumab, exclusive enteral nutrition, or standard of care), and
3 prospective cohort studies comparing different infliximab regimens were
identified. Meta-analysis of the RCTs showed no significant difference
between infliximab every 8 weeks compared with longer intervals for
maintenance of clinical remission (risk ratio [RR] 1.76, 95% confidence
interval [CI] 0.98-3.19). Meta-analyses of the prospective cohort studies
showed no significant differences between infliximab and adalimumab
for maintenance of endoscopic remission (RR 1.07, 95% CI 0.60-1.92),
between infliximab and exclusive enteral nutrition for induction of clinical
remission (RR 1.09, 95% CI 0.82—-1.45), or between infliximab
and standard of care for maintenance of clinical remission at 6 and
12 months (RR 1.12, 95% CI 0.58-2.17, and RR 1.24, 95%
CI 0.84-1.84, respectively).

Conclusions: Current evidence suggested comparable efficacy for inflix-
imab and other therapies; however, the available literature was limited by
risk of bias and small sample size. Further prospective studies are needed
to confirm the efficacy and safety of this drug in pediatric Crohn disease.
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RESUME

Contexte : La maladie de Crohn est une maladie inflammatoire de I'in-
testin, dont les symptémes intermittents sont liés A des lésions du tractus
gastro-intestinal. Comparativement 2 la maladie de Crohn se déclarant a
I'age adulte, celle qui se déclare dans I'enfance risque d’étre plus grave.
Linfliximab s’est avéré efficace chez I'adulte.

Objectif : Erudier Iefficacité et I'innocuité de Iinfliximab chez Penfant
atteint de la maladie de Crohn & I'aide d’une analyse systématique.

Sources des données : Trois bases de données (MEDLINE, Embase, ainsi
que le Registre central Cochrane des essais comparatifs) ont été interrogées
et des documents réglementaires ont fait 'objet d’une recherche depuis
leur création jusqu'en décembre 2017. Une consultation des registres d’es-
sais cliniques, des résumés de conférences et des listes de références a eu
lieu jusqu'en mars 2018.

Sélection des études et extraction des données : Lanalyse a porté sur
des essais cliniques 2 répartition aléatoire (ECRA) et des études de cohorte
prospectives comparant l'infliximab au traitement actif. Deux examina-
teurs indépendants ont procédé & la sélection et 4 'extraction des données
ainsi qua I'évaluation des risques de biais. Linduction et le maintien d’une
rémission endoscopique ainsi que les effets indésirables graves étaient les
principaux paramétres d’évaluation.

Synthése des données : Trois ECRA admissibles comparant différents
schémas posologiques, 16 études de cohorte prospectives comparant
I'infliximab 4 d’autres traitements (I'adalimumab, une alimentation
exclusivement entérale et les soins d’usage) et trois études de cohorte
prospectives comparant différents schémas posologiques d’infliximab ont
été sélectionnées. Une méta-analyse des ECRA ne montrait aucune
différence significative entre un traitement 4 infliximab toutes les huit
semaines comparativement & des intervalles plus longs pour le maintien
d’'une rémission clinique (risque relatif [RR] de 1,76, intervalle de confiance
[IC] 2 95 % de 0,98-3,19). Des méta-analyses des études de cohorte
prospectives ne montraient aucune différence significative entre l'inflix-
imab et I'adalimumab pour le maintien d’une rémission endoscopique
(RR de 1,07, IC 295 % de 0,60-1,92), aucune différence non plus entre
I'infliximab et une alimentation exclusivement entérale pour I'induction
d’une rémission clinique (RR de 1,09, IC 4 95 % de 0,82-1,45) ni entre
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P'infliximab et les soins d’usage pour le maintien d’une rémission clinique
4 six et douze mois (respectivement : RR de 1,12, IC 295 % de 0,58-2,17
et RR de 1,24, IC 2 95 % de 0,84—1,84).

Conclusions : Les données probantes actuelles laissaient entendre que
Pefficacité de l'infliximab était comparable a celle des autres traitements;
cependant, les articles disponibles étaient insuffisants en raison du risque
de biais et de la faible taille de I'échantillon. De plus amples études
prospectives sont nécessaires pour confirmer l'efficacité et I'innocuité de
ce médicament chez l'enfant atteint de la maladie de Crohn.

Mots clés : maladies inflammatoires de I'intestin, inhibiteur du facteur de
nécrose tumorale-alpha, infliximab, maladie de Crohn

INTRODUCTION

rohn disease is an immune-mediated condition characterized

by inflammation along the entire length of the gastrointestinal
tract."? It is a chronic, progressive condition with a relapsing and
remitting course.>® The incidence of Crohn disease is increasing
internationally, and it is estimated that 20% to 25% of cases
present during childhood.*> Childhood-onset Crohn disease is
associated with higher disease activity and a more complicated
disease course.*

The goals of treatment are to relieve symptoms, improve
quality of life, and minimize drug-related adverse effects.” An
additional goal specific to pediatric Crohn disease is to optimize
the patient’s growth, which may be impaired because of intestinal
inflammation and inadequate nutrition.>® Recently, there has
been interest in mucosal healing or endoscopic remission as a
treatment target."* In adults with inflammatory bowel disease,
mucosal healing has been associated with sustained remission,
decreased complications, and decreased corticosteroid use, relative
to patients without mucosal healing.*

Infliximab is a chimeric monoclonal antibody that binds to
and interferes with the activity of human tumour necrosis factor
alpha (TNF-a). Current guidelines for pediatric Crohn disease,
from both the European Crohn’s and Colitis Organisation and
the European Society for Paediatric Gastroenterology, Hepatology
and Nutrition, recommend anti-TNF-o as a second-line therapy
after failure of standard-of-care therapy, such as exclusive enteral
nutrition and corticosteroids for induction of remission and
immunomodulators for maintenance of remission.” This recom-
mendation is in line with Health Canada’s indications for
infliximab in the pediatric population.” A consensus statement
from the North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition has affirmed that ant-TNF-« agents
have demonstrated benefit in induction and maintenance treat-
ment of pediatric Crohn disease.'”

This systematic review aimed to examine the efficacy and
safety of infliximab, compared with conventional therapy, for
inducing and maintaining endoscopic remission in pediatric
patients with luminal or fistulizing Crohn disease.
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METHODS

This systematic review was conducted in accordance with
the PRISMA guidelines'" and the Cochrane Handbook for
Systematic Reviews of Interventions.'* A protocol detailing
the conduct of this systematic review and meta-analysis was
registered a priori with PROSPERO (registration identifier
CRD42016037820).

Eligibility Criteria

The initial scarch strategy was developed to identify random-
ized controlled trials (RCTs) examining participants less than
18 years of age who had moderate to severe luminal or fistulizing
Crohn disease. Studies involving any dose and regimen of
infliximab, compared with active controls or standard of care, were
eligible. For the purpose of this review, the definitions of active
control used by the authors of included studies were accepted.
These active controls included but were not limited to cortico-
steroids, immunomodulators, aminosalicylates, exclusive enteral
nutrition, and other biologics. In the event that no RCTs satisfy-
ing the eligibility criteria were found, the protocol allowed for
inclusion of prospective comparative nonrandomized studies and
studies comparing different regimens of infliximab. Language and

publication status restrictions were not imposed.

Outcomes

The primary outcomes were induction of endoscopic
remission by 14 wecks, maintenance of endoscopic remission at
6 months, and incidence of severe adverse effects. The definitions
of endoscopic remission used by the authors of included studies
were accepted. The secondary outcomes were induction and
maintenance of clinical remission as measured by the Pediatric
Crohn Disease Activity Index (PCDAI), maintenance of
endoscopic or clinical remission at 1 year, change in PCDAI,
change in height, serum infliximab antibodies, serum infliximab
levels, corticosteroid use (in prednisone equivalents), cortico-

steroid-free remission, need for surgery, hospitalization, and
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all-cause adverse effects. The incidence of each adverse effect, such
as infections, malignancy, and infusion-related reactions, was

individually examined.

Search and Study Selection

The search strategies were developed by 3 of the authors
(S.L., C.R,, and S.S.), with the assistance of a clinical librarian.
Three databases (MEDLINE, Embase, and the Cochrane Central
Register of Clinical Trials) and relevant regulatory documents were
searched from inception to December 2017. Clinical trial
registries, conference abstracts, and reference lists of included
studies and systematic reviews were searched through to March
2018. The search strategies are provided in Appendix 1 (available
at heeps://www.cjhp-online.ca/index.php/cjhp/issue/view/190/
showToc).

Duplicate citations were identified and removed using
Mendeley software.'? Multiple reports based on the same study
were identified and linked. A screening tool was developed a priori
and pilot-tested.

Data Collection and Risk-of-Bias Assessment

Before extraction of study characteristics and outcome data
from eligible studies, an electronic data collection form, based on
the Cochrane data extraction and assessment template,'? was
developed. For trials with missing, unclear, or discrepant
information, an attempt was made to contact study authors. If
clarification was unsuccessful, reviewers used their judgment to
determine the trial’s eligibility on the basis of available informa-
tion. For RCTs, the risk of bias was assessed with the Cochrane
risk-of-bias tool.' For nonrandomized studies, the risk of bias was
assessed with the Ottawa—Newecastle scale.’

Screening, data collection, and risk-of-bias assessment were
petformed by the authors, in duplicate, in an independent,
unbiased, and standardized manner. Disagreements were resolved

by discussion and consensus among 3 authors, if necessary.

Synthesis of Results

A random-effects model (that of DerSimonian and Laird'®)
was used for the meta-analysis, with calculation of x? and 77 as
indicators of heterogeneity. Values of P less than 0.10 and values
of 2 greater than 50% were used as thresholds defining significant
heterogeneity.!” Data from prospective cohort studies were
analyzed separately from RCT data. Studies examining different
comparators were analyzed separately, with grouping by comparator
drug class or infliximab dosing regimen.

RESULTS
Summary of Study Characteristics

A total of 24 unique trials (some reported in multiple articles)
were retrieved. Of the 24 trials included, 22 were complete (Figure
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1, Table 1) and 2 were still in progress at the time of our
analysis (Table 2). Three of the studies were RCTs, and the
remainder were prospective cohort studies. Most of the studies
were conducted in North America,'®2!446 Europe,??31434 or
both,*>% with only 2 studies from Asia. 24

In 7 of the 22 completed studies, the mean or median
PCDAI was above 30, signifying moderate to severe
disease.1$242535-39414346 Ty 4 additional studies, only patients in the
infliximab group had moderate to severe disease.21304044 I
6 studies, the mean or median PCDAI was between 10 and 30,
which indicated mild disease on average.??3%3442447 Fiye
studies did not report disease severity.!”?*?*%31 Eight studies
included patients with fistulizing disease,!82426:29:35-39.4043:45
although only 1 of these studies examined fistulizing discase in a
separate analysis.”

The 3 RCTs compared different dose regimens of
infliximab.?**>* One study examined the efficacy of a single

3537 whereas

26,38,39

induction dose of 1 mg/kg, 5 mg/kg, or 10 mg/kg,
the other 2 RCTs compared different maintenance regimens.

Of the 19 prospective cohort studies, 2 studies compared in-
fliximab with exclusive enteral nutrition, 4247 4 studies compared
infliximab with adalimumab, %44 3 studies compared different
infliximab modalities (biosimilars versus originator, standard
versus intensified induction,'” and early versus escalated therapy*"),
and 10 studies compared infliximab with other standard-of-care

regimens.*02127-34404446 These regimens included other biologics,*>*

20,21,27,29,32-34 Corticosteroids,27,29,32—34,46

20,21,32-34,44,46

5-aminosalicylate,

20,21,27,29,31-34,44,46

azathioprine, 6-mercaptopurine,

20,21,32-34,46 32-34

methotrexate, antibiotics, and exclusive enteral

nutrition.?>?"? Three studies did not define or report standard

therapy agents. #3040

Common outcomes examined were

23,24,26,27,31,35,41-43

endoscopic

clinical remission, 18,20-22,24,26,27,35,38-42,44

18,20,24,26,35,38-40,42

remission,
and clinical response. Other reported outcomes
included partial endoscopic remission,?'* changes in PCDAI***
or the Simple Endoscopic Score for Crohn Disease,? height for
age, 0274446

life,'® malignancy,® serious infections,? and adverse reactions.

body mass index for age,” weight for age,? quality of
2742
Studies varied in their outcome definitions (see Appendix 2,
available at https://www.cjhp-online.ca/index.php/cjhp/issue/
view/190/showToc): endoscopic remission or mucosal healing was
defined using the Crohn Disease Index of Severity in 2 studies®4?
and using the Simple Endoscopic Score for Crohn Disease in
2 studies.**' One study used an endoscopic lesion severity score
that involved a visual analogue scale,” and another defined
endoscopic remission as disappearance of ulcerations, multiple
crosions, bleeding and friability.” Clinical remission was defined
as PCDAI < 10 in 8 studies!®#2212434%42 and Physician Global
Assessment of inactive disease in 2 studies.?>*° Studies also varied
in their definition of clinical response, 22334042 3lthough this
was most commonly defined as reduction in PCDAI 2 15 or final
PCDAI < 10.'842
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Database search
MEDLINE =971
CENTRAL =96

Other sources

Conference abstracts (AIBD,
CDDW, DDW, UEGW, ECCO) =
175

Embase = 2591

y

Content experts = 9
Bibliographies = 5

Clinical trial registries = 75
Regulatory documents = 4

Number of total records = 3926

Gastroenterology Week.

v
Number of records after
Excluded =3326  [€— gequplication - 3645
v Excluded =279
Number of records after title Duplicates = 15
and abstract screening =319 > Full-texts not retrieved = 2
T Not Crohn’s disease = 7
= Not IFX =18
f[’;flg:::n,s Zisease -3 le—| I L re“:"ls afen i No active comparator = 73
N . = extstescnine e No pediatric population = 45
0 active comparator = 2
¢ Not RCT or PCS= 85
Number of records = 35 Systematic reviews and guidelines
Number of unique trials = 24 (for reference list screening) = 34
A
PCSs RCTs
IFXvs IFX=3 IFX vs IFX=3
IFX vs ADA =4 IFX vs standard of care = 1 (ongoing)
IFX vs EEN =2 IFX vs thalidomide = 1 (ongoing)
IFX vs standard of care = 10

Figure 1. Flow chart of literature selection. ADA = adalimumab,
AIBD = Advances in Inflammatory Bowel Disease, CDDW = Canadian
Digestive Diseases Week, DDW = Digestive Diseases Week,

ECCO = European Crohn’s and Colitis Organisation, EEN = exclusive
enteral nutrition, IFX = infliximab, PCS = prospective cohort study,
RCT = randomized controlled trial, UEGW = United European

Follow-up time ranged from 8 weeks'®%% to 5 years,>* with
the median follow-up time being 54 weeks. For 8 studies, only

abstracts were available for data extraction.!??22325:28,31.44.45

Risk of Bias

One of the RCTs was rated as having a low risk of bias, "
whereas the other 2 RCTs were considered to have unclear risk of
bias?#% (see Appendix 3, parts A and B; available at
heeps://www.cjhp-online.ca/index.php/cjhp/issue/view/
190/showToc).

Of the prospective cohort studies, 5 studies were rated as
having a low risk of bias,?:212432:34404143 11 grudies as having
unclear risk of bias,!819222327,2831.424447 3nq 3 srudies as having a

high risk of bias?®»*% (see Appendix 3, parts C and D).

Meta-analyses

Maintenance of clinical remission at 1 year was reported by
2 RCTs.*%% There was no significant difference between

regimens of infliximab every 8 weeks and infliximab given less
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frequently (risk ratio [RR] 1.76, 95% confidence interval [CI]
0.98-3.19, I* = 62%) (Figure 2).

Maintenance of endoscopic remission at 6 to 12 months was
reported by 2 nonrandomized trials.?** There was no significant
difference between infliximab and adalimumab (RR 1.07, 95%
CI0.60-1.92, I? = 0%) (Figure 3).

Induction of clinical remission at 8 weeks, as measured by
PCDALI, was reported by 2 nonrandomized trials.!®*4 There was
no significant difference between infliximab and exclusive enteral
nutrition (RR 1.09, 95% CI 0.82-1.45, I? = 0%) (Figure 4).

Clinical response at 8 weeks, as measured by PCDAI, was
reported by 2 nonrandomized trials."®#*** There was no significant
difference between infliximab and exclusive enteral nutrition
(RR 1.05, 95% CI 0.82-1.33, I° = 0%) (Figure 5).

Maintenance of remission at 6 months, as measured by
PCDAI, was reported by 2 nonrandomized studies.”* No
significant difference was found between infliximab and standard
of care (RR 1.12, 95% CI 0.58-2.17, I* = 95%) (Figure 6).

Maintenance of remission at 1 year, as measured by PCDALI,

was reported by 2 nonrandomized studies.*>® No significant
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Table 1 (Part 1 of 2). Characteristics of Induded Trials

Source Age, No. of Sex PCDAI, Included  Allowed Co- Intervention ~ Comparator  Follow-
Mean* Patients (% Male) Mean* Fistulizing interventions or up
(years) Disease Exposure
Randomized
controlled trials
Ruemmele et al. 13.9 31 55 7.6%% Yes Yes IFX5mgkg IFX5 m(?/kg on 60 weeks
(2009y% everﬁ 8 deman
weeks
Hyams et al. (2007),% 133 103 58.9 41.2 Yes Yes IFX5mg/kg IFX 5 mg/kg 54 weeks
Crandall et al. (2009)*t every 8 every 12 weeks
weeks
Baldassano et al. Median 15 21 714 Median 43 Yes Yes IFX 1 mg/kg Comparator 1: 20 weeks
(2003),* x 1 dose IFX 5 mg/kg
Hadigan et al. (1999),% x 1 dose
Escher et al. (2000)*’ Comparator 2:
10 mg/kg
x 1 dose
Prospective cohort
studies: IFX versus
standard of care
Hyams et al. (2017), IFX, 12.6 5766  IFX, 545 IFX, 11.3 NR Yes IFX Comparator 1. Median
Escher et al. (2016),>*  Biologics, Biologics,  Biologics, biologics 4.7 years
Dubinsky et al. 12.7 54.5 4 Comparator 2:
(2016),3448 Non- Non- Non- non-biologics
biologics, biologics,  biologics,
11.9 56.8
Muhammed et al. NR 57 NR NR NR NR IFX AZA NR
(2014
Olbjarn et al. (2014)*°  Median 13 36 IFX, 55.6  Medians: Yes Yes IFX8§ Non-IFX (CS, 2 years
Non-IFX,  IFX, 25 AZA, EEN, and/or
55.6 Non-IFX, 5-ASA)
23
Walters et al. (2014), Median age: 552  Earlyanti- PCDAI No Yes Early anti-  Comparator 1: 1 year
Hyams et al. Early anti- TNE 68  >30 TNF Early IM
(201321 *tt TNF, 13.8 Early IM,  Early anti- Comparator 2:
Early IM, 62 TNF, 62% No early IT
12.6 Noearly  Early IM,
No early IT, IT, 61 45%
12.1 No early IT,
39%
Mangiantini et al. Median 33 NR NR NR NR NR NR NR
(2013)%4 14.1
Bellizzi et al. 2011 IFX, 15 43 56 IFX,>30 NR NR IFX5mg/kg Standard therapy 1 year
Standard Standard at0,2,and (agents not
therapy, 14 therapy, 6 weeks, then specified)
10-30 every 8 weeks
Pfefferkorn et al. 10.1 176 65  PCDAI>30 NR Yes IFX for Comparator 1: 2 years
(2009)% in 57% >1year§8§  IFX for
< 1 year8§
Comparator 2:
CS, MTX and/or
6MP or AZA
Keljo et al. (2009* NR 92 60 Moderate/ NR Yes IFX 6MP/AZA >6
severe months
IFX, 56%
6MP/AZA,
7.5%
Hyams et al. (2009)°  IFX, 11.7 729  IFX, 63 IFX, 35 Yes Yes IFX Non-IFX <3
Non-IFX, Non-IFX,57 Non-IFX, 29 (agents not years
1.9 specified)
continued on page 232
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Table 1 (Part 2 of 2). Characteristics of Induded Trials

Source Age, No. of Sex PCDAI, Included  Allowed Co- Intervention ~ Comparator  Follow-
Mean* Patients (% Male) Mean* Fistulizing interventions or up
(years) Disease Exposure
Paganelli et al. (2007)¥ 135 35 62.9 222 NR Yes IFX5mg/kg CS, AZA, and/or > 6
at0,2and  5-ASA months
6 weeks,
then every
8 weeks§§
Prospective cohort studies: IFX versus ADA
Zarubova et al. (2017)2 14.8 14 57 NR NR NR IFX ADA 5 years
Wauters et al. (2016)22 Median 13.1 66 50 NR NR NR IFX ADA 5 years
Nuti et al. (2015), IFX, 13.4 37 IFX, 72 IFX, 31 Yes Yes IFX ADA 2 years
Nuti et al. 2016 ADA, 12.6 ADA, 41.6 ADA, 31.8
Nuti et al. 2011)* IFX, 14.5 69 NR IFX, 22.7 Yes Yes IFX ADA < 3years
ADA, 16.4 ADA, 28.6
Prospective cohort studies: IFX versus EEN
Luo et al. 2017),2 IFX, 11.7 26 IFX,46.2  IFX, 29.5 No NR IFX EEN 8 weeks
Chenetal. (2016)¥  EEN, 11.9 EEN, 69.2 EEN, 26.0
Lee etal. 2015)"®tt  anti-TNF, 90 anti-TNF, 46 anti-TNF, Yes Yes anti-TNF Comparator 1: 8 weeks
13.9 EEN, 73 30.2 EEN
EEN, 12.5 PEN, 88 EEN, 38.8 Comparator 2:
PEN, 12.0 PEN, 37.6 PEN + ad lib diet
Prospective cohort studies: IFX versus other IFX modalities
Chanchlani et al. 14 278  IFX-B,60  Medians: NR Yes IFX-B IFX-0 3 months
20177+ IFX-0, 61  IFX-B, 28
IFX-0, 36
Crowley et al. Medians: 66 53 NR NR NR Standard IFX Intensified IFX 14 weeks
(2017)°+ Standard, induction induction
12.0
Intensified,
Kang etal. 2016)*"  Early, 15.0 78  Early, 63  Median 35 No Yes Early IFX Escalated IFX 54 weeks
Escalated, Escalated,
15.5 67

5-ASA = 5-aminosalicylate, 6BMP = 6-mercaptopurine, ADA = adalimumab, anti-TNF = anti~tumour necrosis factor, AZA = azathioprine,

CS = corticosteroids, EEN = exclusive enteral nutrition, EN = enteral nutrition, IBD-U = undassified inflammatory bowel disease, IFX = infliximab,
IFX-B = infliximab biosimilar, IFX-O = infliximab originator, IM = immunomodulator, IT = immunotherapy, MTX = methotrexate, NR = not reported,
PCDAI = Pediatric Crohn’s Disease Activity Index, PEN = partial enteral nutrition.

*Unless otherwise specified.

tData reported for total participant population, including patients with and without randomization.

tIncludes patients with ulcerative colitis and/or IBD-U.

§Data reported here were obtained from the study by Hyams and others®; the comparator groups were not mutually exclusive.

**Data from overall patient population (not a propensity score—-matched cohort).

ttPatients in the anti-TNF group received IFX, except for 1 patient who received ADA.

t+Harvey-Bradshaw Index.

§§Did not exclude the presence of standard-of-care agents.

Table 2. Characteristics of Trials That Were in Progress at the Time of Analysis

Study Name and Study Design Population Intervention Comparison Primary Outcome
Registry Identifier*
Top-down Infliximab  Open-label RCT, Children with [Infliximab 5 mg/kg at Prednisolone 1 mg/kg Clinical remission
Study in Kids with estimated n =100  untreated moderate weeks 0, 2, and 6, oral (maximum 40 mg) at 52 weeks
Crohn’s Disease to severe CD followed by 2 maintenance once daily for 4 weeks
(TISKids) (PCDAI > 40) infusions every 8 weeks followed by taper
(NCT02517684) AND OR
azathioprine 2-3 mg/kg  EEN with polymeric
once daily feeding for 6-8 weeks
AND
azathioprine 2-3 mg/kg
once daily
Thalidomide versus ~ Open-label RCT, Children with new  Thalidomide lInfliximab Endoscopic remission
Infliximab in New estimated n =124 diagnosis of CD and at 52 weeks
Onset Crohn Disease risk factors for poor
with Poor Prognostic prognosis
Factors (NCT03221166)

EEN = exclusive enteral nutrition, CD = Crohn disease, PCDAI = Pediatric Crohn Disease Activity Index, RCT = randomized controlled trial.
*ClinicalTrials.gov registry (https://clinicaltrials.gov/ct2/home).
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IFX Q8weeks IFX > Q8weeks Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hyams 2007 29 52 12 51 47.3% 2.37 [1.37, 4.11] ——
Ruemmele 2009 15 18 8 13 52.7% 1.35[0.84, 2.18] -l
Total (95% CI) 70 64 100.0% 1.76 [0.98, 3.19] s
Total events 44 20

ity: Tau? = 0.11: Chi* = ={(P= ‘12 = 620 [ ; : |
;|auta:ogene|tyl.E T:{u N 2.111, gz;“ ; —zbsgédf 1(P=0.10%; I = 62% ot P 3 s 100

est for overall effect: Z = 1.88 (P = 0.06) Favours [IFX > Q8weeks] Favours [IFX Q8weeks]

Figure 2. Forest plot examining maintenance of clinical remission in randomized controlled trials, as defined by
Pediatric Crohn Disease Activity Index, at 1 year with infliximab (IFX) administered every 8 weeks compared with
IFX administered less frequently.?62® Cl = confidence interval, M-H = Mantel-Haenszel analysis.

Infliximab adalimumab Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Nuti 2016 9 25 5 12 46.8% 0.86 [0.37, 2.02] —
Zarubova 2017 7 9 3 5 53.2% 1.30 [0.58, 2.87] —
Total (95% CI) 34 17 100.0% 1.07 [0.60, 1.92]
Total events 16 8
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Figure 3. Forest plot of prospective cohort studies examining maintenance of endoscopic remission at 6 to 12
months with infliximab compared with adalimumab.?%4 Cl = confidence interval, M-H = Mantel-Haenszel analysis.

Infliximab EEN Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Lee 2015 36 52 13 22 53.6% 1.17[0.79, 1.73]
Luo 2017 10 13 10 13 46.4% 1.00 [0.66, 1.52]
Total (95% ClI) 65 35 100.0% 1.09 [0.82, 1.45]
Total events 46 23
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Figure 4. Forest plot of prospective cohort studies examining induction of clinical remission at 8 weeks with
infliximab compared with exclusive enteral nutrition (EEN).'84247 C| = confidence interval,
M-H = Mantel-Haenszel analysis.

Infliximab EEN Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Lee 2015 41 52 15 22 58.4% 1.16 [0.84, 1.59]
Luo 2017 10 13 1 13 41.6% 0.91[0.62, 1.33]
Total (95% CI) 65 35 100.0% 1.05 [0.82, 1.33]
Total events 51 26
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Figure 5. Forest plot of prospective cohort studies examining clinical response at 8 weeks with infliximab compared
with exclusive enteral nutrition (EEN)."84247 C| = confidence interval, M-H = Mantel-Haenszel analysis.
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Infliximab Standard Therapy Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Keljo 2009 44 50 41 42 52.0% 0.90 [0.81, 1.01]
Walters 2014 39 68 55 136 48.0% 1.42 [1.06, 1.89] L
Total (95% CI) 118 178 100.0% 112 [0.58, 2.17]
Total events 83 96
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Figure 6. Forest plot of prospective cohort studies examining maintenance of clinical remission, as defined by
Pediatric Crohn Disease Activity Index, at 6 months with infliximab compared with standard of care.2044
Cl = confidence interval, M-H = Mantel-Haenszel analysis.

Infliximab Standard Therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Olbjern 2014 15 18 15 18 45.6% 1.00 [0.75, 1.34]
Walters 2014 58 68 78 136 54.4% 1.49[1.25, 1.77] O
Total (95% Cl) 86 154 100.0% 1.24 [0.84, 1.84]
Total events 73 93
ity 2 = . iz = = = ‘2= 81% I } T t d
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Figure 7. Forest plot of prospective cohort studies examining maintenance of clinical remission, as defined by
Pediatric Crohn Disease Activity Index, at 1 year with infliximab compared with standard of care.?0?°
Cl = confidence interval, M-H = Mantel-Haenszel analysis.

difference was found between infliximab and standard of care (RR
1.24, 95% CI 0.84-1.84, I” = 81%) (Figure 7).

Notable Studies Not Included in Meta-analysis

One RCT randomly assigned 21 pediatric patients with
moderate to severe luminal or fistulizing Crohn disease to receive
1 dose of infliximab 1 mg/kg, 5 mg/kg, or 10 mg/kg.%7 At week
4, the median decrease in endoscopic severity scores was 6.6%,
69.4%, and 52.2% in the 1 mg/kg, 5 mg/kg, and 10 mg/kg
groups, respectively.”’ Sixty-one percent of all patients had a
clinical response, and 16.7% of all patients were in clinical remis-
sion by week 12.% The study authors observed that the 5 and
10 mg/kg doses of infliximab were more effective than 1 mg/kg
in achieving clinical remission.”

One nonrandomized study enrolled 78 pediatric patients
with moderate to severe luminal Crohn disease of nonpenetrating,
nonstricturing behaviour.”" Patients received either escalated
combined immunosuppression, in which corticosteroid induction
and azathioprine were trialled before escalation to infliximab, or
carly combined immunosuppression, in which infliximab and
azathioprine were initiated within 1 month after diagnosis
without corticosteroid induction.*' At week 14 from the first dose
of infliximab, mucosal healing rates were higher in the early
combined immunosuppression group, although no significant
difference was observed between groups (32% versus 51%,
p= 0.121).4! At week 54, mucosal healing rates were significantly

higher in the early combined immunosuppression group (42%
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versus 74%, p = 0.007), although rates of clinical remission and
laboratory remission did not differ significantly between groups.*!
Z-scores for weight for age, height for age, and body mass index
for age at weeks 15 and 54 did not significantly differ between
groups.*! No significant difference in adverse effects was observed
between the 2 groups (p = 0.804).1!

A multicentre cohort study enrolled 5766 pediatric patients
with inflammatory bowel disease, including 4047 with Crohn
disease.?> When stratified by exposure to thiopurine agents, the
infliximab cohort did not have an increased incidence (expressed
in terms of events/100 patient-years) of malignancy compared
with patients who received nonbiologic agents with thiopurines
(0.53 [95% CI 0.14-1.35] versus 0.69 [95% CI 0.19-1.76])
and without thiopurines (0.31 [95% CI 0.01-1.75] versus
0.32 [95% CI 0.01-1.79]).% There were 5 cases of hemophagocytic
lymphohistiocytosis, all of which occurred during active
thiopurine therapy; none involved exposure to infliximab,
adalimumab, or methotrexate.??

A second report from the same cohort study included a
subset of 5402 pediatric patients with inflammatory bowel
disease.”? A greater cumulative incidence of serious infections
(expressed in terms of events/100 patient-years) was reported in
the infliximab cohort than the nonbiologics cohort (4.06 [95%
CI 3.65-4.49] versus 2.25 [95% CI 1.92-2.61]), although the
incidence of serious opportunistic infections was similar
(0.35 [95% CI 0.24-0.5] versus 0.2 [95% CI 0.11-0.32]).%

In patients with Crohn disease, monotherapy with infliximab or
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corticosteroid and combination therapy including infliximab,
immunomodulators, or corticosteroid were associated with

increased risk of first serious infection.®

DISCUSSION

In the current analysis, the combined rates of clinical remis-
sion at 1 year were not significantly different between infliximab
given every 8 weeks and infliximab given less frequently. This find-
ing was interesting, given that the results of the individual trials

26,38

were reported as statistically significant,”** and could be due to

the difference in statistical methods between the current review

and the study by Ruemmele and others.®

The heterogeneity in
this outcome could be attributed to the different comparator
regimens: whereas one study compared the standard regimen
(5 mg/kg per dose every 8 weeks) to administration every
12 weeks,®® the other used infliximab on demand as the
comparator.?

There were no significant differences in maintenance of
clinical remission at 6 months and 1 year when infliximab was
compared with standard of care. Of note, the 3 studies that were
combined in this meta-analysis varied in their definitions of the
comparator regimen: in one study, standard therapy consisted of
immunomodulators,* and in another, standard therapy was
defined as corticosteroids, immunomodulators, aminosalicylates,
and/or exclusive enteral nutrition.” In the third study, “early
anti-TNF-o therapy” (defined as initiation of anti-TNF-a within
3 months of diagnosis) was compared with “carly immuno-
modulators” and “no early immunotherapy groups”.? The
differences in comparator group definitions likely contributed to
the high heterogeneity for this outcome. In 2 of the 3 studies,
patients exposed to infliximab had features of higher disease severity
than patients exposed to standard therapy.>* In both studies, no
adjustments were made to control for these differences in discase
severity, which might have led to an outcome favouring the
standard therapy group.”# In 1 of the 3 studies included in this
meta-analysis, propensity score analysis was used to control for
differences in disease severity.?” In this study, a significantly greater
proportion of patients receiving catly anti-TNF-a achieved
clinical remission at 6 months and 1 year relative to patients
receiving early immunotherapy or no early immunotherapy
(p = 0.0003 and p = 0.036, respectively).”

The combined results of 2 prospective cohort studies demon-
strated that infliximab was not significantly more effective than
exclusive enteral nutrition in inducing clinical response or clinical
remission at 8 weeks. This result was consistent with findings from
the individual studies.'®“%¥ Of note, the 2 studies were conducted
in 2 different geographic locations (China and North America),
and the patient population in the study by Luo and others™* had
lower clinical disease severity than that of Lee and others.'®

The combined results of 2 prospective cohort studies showed

that infliximab was not significantly more effective than

CJHP — Vol. 72, No. 3 — May—June 2019

adalimumab in maintaining remission over a period of 6 to
12 months. This result was consistent with findings from the
individual studies.??*% Of note, Zdrubov4 and others® enrolled
children with Crohn disease who had residual disease after

244 excluded patients

ileocecal resection, whereas Nuti and others
who needed immediate surgery.

An older published systematic review of nonrandomized
trials, including retrospective and noncomparative studies,
summarized the risks of serious infection or lymphoma with
anti-TNF-a agents in pediatric inflammatory bowel disease.® The
authors concluded that the rate of serious infections among
pediatric patients treated with anti-TNF-a agents was similar to
that of pediatric patients who received immunomodulator
monotherapy, but lower than the expected rate for pediatric
patients treated with corticosteroids.”® In contrast to these
findings, the current systematic review found a recent prospective
cohort study examining the risk of serious infections and
malignancies in pediatric patients receiving infliximab over a
median follow-up time of 4.7 years.?3¢ This study concluded that
there was an increased risk of serious infections in pediatric
patients receiving infliximab relative to those receiving nonbio-
logic agents, although there was no increase in the risk of serious
opportunistic infection.??

Dulai and others® also found that the incidence of
lymphoma was similar for pediatric patients receiving anti-
TNF-o agents and the general pediatric population, but lower
than for pediatric patients receiving thiopurine monotherapy.

3234 confirmed that there was no increase in the

Hyams and others
incidence of malignancy among pediatric patients receiving
infliximab, relative to those receiving nonbiologic regimens,
with stratification by thiopurine exposure.

The question of whether the more aggressive “top—down”
approach should be favoured in certain patient populations is a
current topic of debate in the field of pediatric Crohn
disease.>* The top—down approach involves treatment with
infliximab with or without concurrent immunomodulators early
in the disease course, with the goal of attaining mucosal healing.?
The current review retrieved 2 prospective studies that compared
the top—down approach with the conventional “step-up”
approach: Walters and others? demonstrated that in children
newly diagnosed with severe Crohn disease, early monotherapy
with anti-TNF-a agents (mainly infliximab) produced better clin-
ical and growth outcomes at 1 year than early immunomodulators
or no immunotherapy. Kang and others* demonstrated that in
children with moderate to severe luminal Crohn disease of
nonpenetrating, nonstricturing behaviour, initiation of infliximab
within 1 month after diagnosis yielded improved mucosal healing
at 1 year compared with initiation of infliximab after failure of
conventional therapy with corticosteroids. An ongoing RCT will
compare the efficacy of top—down and step-up therapy in children

with newly diagnosed moderate to severe Crohn disease.”’
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The current guidelines of the European Crohn’s and Colitis
Organisation and the European Society for Paediatric Gastro-
enterology, Hepatology and Nutrition recommend infliximab for
induction and maintenance of remission in children with
chronically active luminal Crohn disease despite prior optimized
immunomodulator therapy, for induction of remission in children
with steroid-refractory disease, or for primary induction and
maintenance therapy for children with active perianal fistulizing
disease.” The current systematic review found no significant
differences in efficacy between infliximab and standard of care
regimens, exclusive enteral nutrition, or adalimumab in pediatric
patients with luminal Crohn discase. However, the risk of bias in
the existing literature, the small sample size, and the low number
of studies available limited strong conclusions about this associa-
tion. Our review has confirmed the current role of infliximab
as second-line therapy in pediatric patients with luminal Crohn
disease for whom conventional treatment has failed, until further
evidence from RCTs and prospective cohort studies becomes
available.

Future research should examine the comparative efficacy of
infliximab (including biosimilars) using prospective study designs.
Given the challenges of conducting RCTs in children,* prospec-
tive comparative studies using registry data can be well designed
to compare efficacy and safety between matched cohorts.”!
Although mucosal healing is the gold standard for evaluation of
disease remission, the invasiveness of endoscopic assessment limits
its feasibility.® The pediatric European Crohns and Colitis
Organisation committee accepts clinical remission as a primary
outcome for induction and maintenance of remission for drugs
with demonstrated efficacy in mucosal healing in adult trials, as
for infliximab.? Primary outcomes should include induction and
maintenance of endoscopic remission and corticosteroid-free
clinical remission, and secondary outcomes should include
growth, quality of life, and adverse effects over long-term
follow-up.®

Limitations

Differences in study design and variability in definitions of
standard therapy may have contributed to heterogeneity in some
of the meta-analysis outcomes.

Unreported or incompletely reported outcomes and variability
in outcome definitions limited the data available for meta-analysis.
Although some trials reported endoscopic remission,?4!42
variability in comparator groups meant that only 2 trials could be
combined to examine this outcome.?%

The RCT is considered the most scientifically rigorous study
design for evaluating effectiveness of interventions.’? However,
there was a lack of completed RCTs comparing infliximab with
an active comparator for inclusion in this review. This could be
explained by hesitancy to enroll pediatric patients in such trials,

given their higher discase severity and ethical issues regarding
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consent.”® Several organizations—the European Crohns and
Colitis Organisation; the European Society for Paediatric
Gastroenterology, Hepatology and Nutrition; the Pediatric IBD
Network for Research and Improvement; and the Canadian
Children Inflammatory Bowel Disease Network—agree that
placebo-controlled RCTs should not be conducted for a drug that
has demonstrated superiority in adult studies.® Prospective trial
designs in which the comparator would be an active arm of
established standard treatment should be considered.”®

Most of the prospective comparative cohort studies included
in this systematic review were deemed to have unclear or high risk

of bias: 10 of the 19 studies did not adjust for confounding

19,23,25,29,30,31,40,42,44,45

variables between study groups, which resulted

in lack of comparability of cohorts at the start of the trial. Because

8 of the 19 studies were available only in abstract

19,22,23,25,28,31,44,45

format, outcome extraction and risk-of-bias

assessment were limited. For many trials, length and adequacy of

follow-up were unclear or were of concern. !8:19:222325.27.30-32:40.42:44-46

The majority of the included studies were limited by small sample

size: of the 9 studies included in the quantitative analysis, only

2 examined more than 100 patients.*

Combination therapy with immunomodulators was not
addressed by this systematic review and meta-analysis. There were
limited comparative data available to consider the efficacy of
biosimilar products and the role of infliximab levels in pediatric

Crohn disease.
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