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Abstract: Inflammatory bowel disease (IBD) presents with disabling symptoms and may lead to
insufficient growth and late pubertal development in cases of disease onset during childhood or
adolescence. During the last decade, the role of anti-tumor necrosis factor (INF) in the treatment
of paediatric-onset IBD has gained more ground. The number of biologicals presently available for
children and adolescents with IBD has increased, biosimilars have become available, and practices in
adult gastroenterology with regards to anti-TNF have changed. The aim of this study is to review
the current evidence on the indications, judicious use, effectiveness and safety of anti-TNF agents
in paediatric IBD. A PubMed literature search was performed and included articles published after
2000 using the following terms: child or paediatric, Crohn, ulcerative colitis, inflammatory bowel
disease, anti-TNF, TNF alpha inhibitor, infliximab, adalimumab, golimumab and biological. Anti-TNF
agents, specifically infliximab and adalimumab, have proven to be effective in moderate and severe
paediatric IBD. Therapeutic drug monitoring increases therapy effectiveness and safety. Clinical
predictors for anti-TNF response are currently of limited value because of the variation in outcome
definitions and follow-ups. Future research should comprise large cohorts and clinical trials comparing
groups according to their risk profile in order to provide personalized therapeutic strategies.

Keywords: anti-TNF; biological; inflammatory bowel disease; Crohn’s disease; ulcerative colitis;
paediatrics; children; adolescents

1. Introduction

Crohn'’s disease and ulcerative colitis (UC) present with chronic inflammation of the bowel, and are
therefore referred to as inflammatory bowel disease (IBD). In 8-25% of cases, IBD is diagnosed during
childhood or adolescence (paediatric IBD) [1,2]. The current hypothesis regarding the pathogenesis of
paediatric IBD is that the combination of a genetic predisposition, microbial factors and a susceptibility
of the immune system lead to an aberrant inflammatory immune response. Despite this hypothesis,
there is still no understanding of the dramatic increase in incidence of paediatric IBD worldwide [3].
Similar to adults with IBD, at diagnosis, paediatric patients may present with abdominal pain, diarrhea,
weight loss, fever or rectal bleeding. But in addition, the onset of disease in an early stage of life may
lead to insufficient growth, late pubertal development and psychosocial problems [4].

The treatment for IBD first aims to induce remission of disease and secondly to maintain remission.
Maintenance therapy consists of immunomodulators such as thiopurines or methotrexate. Treatment
options to induce remission for paediatric IBD were limited to 5-aminosalicilates, exclusive enteral
nutrition (EEN) and corticosteroids until recently, while in adult patients, agents inhibiting tumor
necrosis factor alpha (TNF-x) were already established. Anti-TNF is one of the agents within the group
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of biologicals that was first approved for use in the treatment of IBD. Nowadays, a broader spectrum
of biologicals is available. These agents are available to physicians after a strict manufacturing and
market authorization process regulated by the Food and Drug Administration (FDA) and the European
Medicine Agency (EMA). Biologicals that are currently reimbursed or to treat paediatric IBD or under
study are listed in Table 1.

Table 1. Biologicals that are currently reimbursed or under study for treatment of paediatric IBD.

Class Name Product (®) Admission Route

Anti-TNF infliximab Remicade iv
adalimumab Humira sc
golimumab Simponi sc
certolizumab pegol Cimzia sc
Anti-oi437integrin vedolizumab Entyvio iv
Anti-a4p7 and «EP7 integrin etrolizumab - sc

Interleukin 12/23 p40 inhibitor ustekinumab Stelara iv/sc

Abbreviations: CD, Crohn’s disease; UC, ulcerative colitis; iv, intravenous; sc, subcutaneous.

In contrast to adults, in children and adolescents, the anti-TNF agents infliximab (IFX) and
adalimumab (ADA) are currently the only biologicals approved by the FDA or EMA for treatment
of IBD. IFX is a monoclonal chimeric anti-TNF antibody (partly murine, partly human) that was first
approved in adults in 1998. In 2006 it was authorized by the Food and Drug Administration (FDA)
to treat Crohn’s disease (CD) in children and adolescents. This drug, commercialized as Remicade®,
was the first anti-TNF agent that was approved for paediatric IBD and had significant impact on the
practice in paediatric gastroenterology [5]. In 2012 adalimumab (ADA), a fully humanized monoclonal
anti-TNF antibody, was officially approved for application in paediatric CD, but is still under study
for paediatric UC. Certolizumab pegol, a monoclonal antibody to TNEF-& which comprises the Fab
portion of the antibody conjugated to a polyethylene glycol, is another anti-TNF agent that is being
used off-label in paediatric patients in some countries. It has been shown to be effective in reducing
symptoms of moderately to severely active Crohn’s disease in studies including adult patients who had
insufficient response to conventional therapy [6,7]. Golimumab blocks soluble and transmembrane
TNF-« and is comparable with IFX, except that it is fully human and given by subcutaneous (sc)
injections instead of intravenous (iv) infusions. This agent is approved for treatment of moderate to
severe UC in adults but in children with IBD it is only available off-label [8-10].

2. Aim

The aim of this study was to review the current evidence on the indications, judicious use,
effectiveness and safety of anti-TNF agents in children and adolescents with IBD. The search was
focused on the most recent literature, but included previously published guidelines and their associated
papers as they are relevant for the current treatment strategies. As the indication and effectiveness of
anti-TNF may depend on how anti-TNF is used and how treatment is monitored, studies assessing
these topics were also included.

3. Materials and Methods

A literature search was performed in PubMed. Articles published after 2000 and written in
English were included. The keywords IBD, CD, UC, children, paediatric, anti-TNF, TNF alpha
inhibitor, biological, infliximab, adalimumab and golimumab were used for this search. For this
review, mainly studies including paediatric patients were selected. Because findings in adult studies
are sometimes extrapolated for treatment of children and adolescents, relevant adult studies were
included if paediatric studies were absent on this topic. This was especially the case in the section
that describes predictors of the effectiveness of anti-TNF in order to point out the lack of and need for
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studies assessing predictive markers for the effectiveness of anti-TNF in paediatric IBD. References
from the selected manuscripts were searched for additional relevant studies.

4. Results
4.1. When and How to Use Anti-TNF

4.1.1. Indications and Effectiveness in Crohn’s Disease

In the last two decades, indications for the use of anti-TNF therapy in paediatric IBD have changed.
According to the guidelines and reimbursement criteria, anti-TNF agents should be used for induction
and maintenance in children with CD in case of chronically active disease despite immunomodulators,
and steroid refractory disease, the so-called step-up strategy [5,11].

In the latest guideline by the European Society of Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN), the use of an anti-TNF agent as primary treatment strategy, which is referred
to as top-down approach, is recommended in paediatric CD patients with active perianal fistulising
disease. In addition, based on consensus, the top-down strategy should be considered in children with
CD suffering from extensive disease, significant growth retardation, deep ulcerations in the colon seen
at endoscopy, severe osteoporosis and stenosing or penetrating disease at diagnosis [12]. A recent
study in the Southampton Children’s Hospital showed a decreased surgical rate between 2007 and
2017 from 7.1% to 5.1%, respectively, which was most pronounced in patients with CD (8.9% vs. 2.3%).
Although the resection rate in patients treated with anti-TNF therapy was not significantly different
from those who were not, a multivariate regression analysis showed anti-TNF therapy prevalence per
year was the only significant predictor associated with reduction in surgical resection rate [13].

There are no studies with paediatric CD patients that describe a head to head comparison of IFX
to ADA. A retrospective study in 200 adults compared anti-TNF naive patients treated with IFX and
ADA after matching for indication, disease phenotype according to the Montreal classification, duration
of disease and age at starting therapy. Steroid-free clinical response, defined as no hospitalization for
exacerbation, no discontinuation of anti-TNF therapy, and no need for or dependency on steroids was
assessed after 1 and 2 years of follow up. At both time points, response rates were not significantly
different when comparing ADA with IFX (62% vs 65% after 1 year, 41% vs 49% after 2 years,
respectively) [14]. These findings are in line with other studies and were recently confirmed in a
propensity-score matched comparison in 632 adult CD patients, showing no significant difference in
steroid-free remission rate when comparing IFX with ADA after one year in patients who had received
other previous therapies (19.1% vs 27.7% respectively, p = 0.350) [15-17]. Furthermore, in addition to
positive findings with IFX, ADA was recently proven to be effective in children and adolescents with
moderately to severely active CD complicated by perianal fistulae in fistula closure [18,19]. In line
with these findings, consensus-based guidelines suggest that in paediatric patients previously naive to
anti-TNF therapy both IFX or ADA can be offered, taking into account the availability, administration
route, costs and patient preferences [12].

4.1.2. Indications and Effectiveness in Ulcerative Colitis

Treatment guidelines state that in the treatment of paediatric UC patients, IFX should be considered
in case of chronic disease activity or steroid-dependency that cannot be controlled by 5-ASA and
thiopurines for both induction and maintenance therapy [20]. The effectiveness of IFX in inducing
clinical remission and mucosal healing in UC patients has been shown in several adult and paediatric
studies [11,21,22]. If IFX is not effective at the standard dose of 5 mg/kg in inducing remission the dose
should be increased in order to optimize effectiveness [20]. A recent study in children with steroid
refractory UC compared 73 children receiving an intensified induction dose (mean induction dose
>7mg/kg or interval <5 weeks between doses 1 and 3) with 52 children who received standard dosing.
Intensified induction was associated with a higher chance of remission (Hazard ratio (HR) 3.2, p = 0.02)
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and a lower chance of colectomy (HR 0.4, p = 0.05), which indicates that an intensified IFX induction
might be beneficial in children with steroid refractory UC [23]. Current guidelines state that in case of
loss of response or intolerance to IFX, ADA or golimumab should be considered [20].

In case of an acute severe colitis, a medical emergency in children, defined by a high clinical
disease activity score (paediatric ulcerative colitis activity index; PUCAI) >65, IFX is recommended
as second-line medical therapy for anti-TNF naive children failing intravenous corticosteroids [24].
PUCAI scores at days 3 and 5 have been shown to yield the best validated predictive values, and
should therefore form the basis for decision making on when to start IFX [25,26].

When it comes to paediatric IBD, the number of performed randomized controlled trials (RCT) is
scarce. Most of the aforementioned recommendations in guidelines are based on observational studies
or extrapolated from adult trials. RCTs involving placebo versus an anti-TNF agent for induction
treatment in paediatric IBD patients are lacking and not the way to go anymore, since efficacy has been
proven in adults extensively by now. It would not be ethical to randomise children to placebo, since no
true equipoise exists against the active treatment [27]. RCTs for (extended) maintenance versus placebo
could be considered in case an escape treatment arm is provided and patients are in clinical remission
after induction therapy. Important RCTs in paediatric IBD during the last two decades, summarized in
the current guidelines, concern the dosing and administration of anti-TNF and show the effectiveness
of anti-TNF therapy in paediatric IBD (Table 2).
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Table 2. Randomized controlled trials in paediatric IBD assessing how to use anti-TNF.

50f19

Study and Agent Indication N Study Aim Definition of Outcome Time Point Response Remission
Study Group
Week 10 88% 59%
CD patients Comparison of IFX maintenance Response: ce
Hyams 2007 [5] IFX wi thg PCDAI 103 intervals: every 8 vs. every 12 15 point decrease in PCDAI 8 weeks group: 56‘?2 8 weeks group: 56%
REACH weeks. Randomization took place 12 weeks group: 24% o0
>30 - Week 54 12 weeks group: 24%
after 10 weeks of IFX treatment. Remission: PCDAI <10 (p=0.001) (p = 0.001
*, p=0. )
of week 10 responders
Comparison of scheduled IFX Week 10 - 85%
Ruemmele - dosi 3 "
2009 [28] IFX CD 40 maintenance dosing every 8 weeks  gemjsgion: Harvey Bradshaw Index <5 Scheduled IFX: 83%
GFHGNP vs. IFX on demand. Week 60 - IFX on demand: 61%
Randomization at week 10. o=
p =0.001)
High dose: 59%* High dose: 39%*
Low dose: 48%* Low dose: 28%*
High dose ADA (40 mg or 20 mg R hse: Week 26 (p = 0.073) (p = 0.075)
for body weight >40 kg or <40 kg; D e?P(IchslgAI >15 *of patients with clinical *of patients with clinical
Hyams 2012 [29] Moderate to n =93) or low dose (20 mg or 10 ecrease = response at week 4 response at week 4
IMAINE ADA D 188 for body weight >40 kg or <40
& severe mg for bocy weight =21 kg or Remission: PCDAI <10 High dose: 42%* High dose: 33%*
kg; n =95). Randomization after Low dose: 28%* Low dose: 23%*
4 weeks. Week 54 (p = 0.038) (p = 0.100)
*of patients with clinical *of patients with clinical
response at week 4 response at week 4
: i Week 8 73% 33%
Comparison of IFX maintenance Responsiégscreriie;; Miagfto score by ce ° °
Hyams 2012 [11] IEX uc 60 intervals: every 8 vs. every 12 =000 and =2 pomnts 8 weeks group: 38%*
T72 stud, izati 12 k: : 18%*
stuay group weeks. Randomization took place Clinical remission: Mayo score <2 with Week 54 B weeks group

after 8 weeks of IFX treatment.

no individual subscore >1 and PUCAI <10

(p =0.146)
*of week 8 responders

Abbreviations: CD, Crohn’s disease; UC, ulcerative colitis; IFX, infliximab; ADA, adalimumab; PCDAI, paediatric Crohn’s disease activity index; PUCAI, paediatric ulcerative colitis

activity index.
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4.1.3. Indication and Effectiveness of Early Anti-TNF Use

The RISK study recently showed in a propensity-score matched analysis (n = 68 per group)
that early anti-TNF (within <3 months after diagnosis) was associated with higher corticosteroid-
en surgery free remission rates at one year compared with early immunomodulator therapy [30].
Kugathasan et al. compared paediatric CD patients who received anti-TNF within 90 days of diagnosis
and had a successful completion of induction doses and at least one maintenance dose, with those
who received anti-TNF therapy at a later stage, in a prospective inception cohort study in the US
and Canada. They found that patients with early anti-TNF therapy had a significantly lower risk of
developing penetrating complications (HR 0.30, 95% CI 0.10-0.89, p = 0.03). For the development of
stricturing complications, no significant difference was found [31]. A comparison of top-down with
step-up treatment in a South Korean cohort found that deep remission and mucosal healing rates were
higher in the top-down group [32,33]. Although these findings are promising, studies are limited by
the non-randomized study design. Data from future risk stratification studies and RCTs are needed for
more specific and evidence-based statements on indications for top-down therapy. Anti-TNF has been
shown to be effective in the majority of patients. Ideally, we should be able to prescribe it only for
patients who will respond favourably.

4.1.4. The Indication and Effectiveness of Biosimilars

Since the expiration of the patent for infliximab in 2015, a number of biosimilars have obtained
EMA and FDA approval and are used in clinical practice. The FDA defines a biosimilar as a biological
product that is highly similar to the reference product with respect to safety, purity and potency.
The aim in biosimilar development is to demonstrate similarity to the originator in specific conditions
and therefore needs to be studied in both in vitro and ex vivo assays. Initially, efficacy, safety
and immunogenicity were reported similar for biosimilar CT-P13 (Remsima®) and the originator
(Remicade®) in 2 multicenter double-blind randomized phase I and phase III studies in patients
with ankylosing-spondylitis and rheumatoid arthritis [34,35]. Based on the concept of extrapolation,
approval of CT-P13 following the phase III trial included indications of IBD and paediatric IBD.
Most knowledge on the safety and efficacy of biosimilars in IBD patients is based on studies in adult
patients. A recent systematic review included data from 11 observational studies. Meta-analysis
comprising 552 mostly adult IBD patients treated with CT-P13 showed high rates of clinical response
and disease remission that sustained over 1-year. The risk of adverse events was similar in patients
treated with CT-P13 compared to the risk reported in patients treated with the originator [36]. A few
studies in paediatric IBD patients described findings following induction therapy with a biosimilar of
IFX, and found similar efficacy for clinical response or remission. These studies described small cohorts
and follow-up data were limited to 14 weeks [37-39]. In a prospective study, 39 paediatric IBD patients
who were in remission or had mild disease activity switched from the IFX originator to Remsima®
during maintenance therapy. No serious adverse events occurred and none of the patients had a
disease exacerbation during the mean follow-up period of 8 months [40]. One other study compared
38 patients who switched to CT-P13 with 36 patients maintained on the IFX originator. After one year
of follow up 77.8% and 78.9% of paediatric IBD patients had been in persistent remission, respectively.
No statistically significant differences were found for pharmacokinetics, immunogenicity and number
of adverse events [41]. The position paper by the Paediatric IBD Porto Group of ESPGHAN states
that switching from the originator to a biosimilar may be considered in case of clinical remission and
after induction, but multiple switches (>1) are not recommended because data on interchangeability is
limited and it compromises traceability of the drug [42]. In 2017 biosimilars for ADA became available.
All currently available biosimilars are listed in Table 3.

So far, there are no available data on the safety and efficacy of ADA biosimilars in paediatric
IBD patients. For all available and future biosimilars it is strongly recommended to collect sufficient
post-marketing surveillance data on efficacy, safety and immunogenicity [42].
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Table 3. Biosimilars that are currently registered for the treatment of paediatric IBD.

INFLIXIMAB ADALIMUMAB
(Originator; Remicade) (Originator; Humira)
Name Manufacturer Yfzar Of. Name Manufacturer Y.ear Of
Registration Registration
Inflectra (CTP13) Hospira 2013 Amgevita Amgen 2017
Remsima Celltrion/Egis 2013 Cyltezo Boehringer Ingelheim 2017
Flixabi Samsung Bioepis 2016 Imraldi Samsung Bioepis 2017
Zessly Novartis/Sandoz 2018 Hyrimoz Novartis/Sandoz 2018

4.1.5. Prediction of Anti-TNF Responsiveness

Anti-TNF treatment failure may occur due to primary non-response, diminished response or loss of
response (secondary non-response) or adverse drug reactions. Certain clinical characteristics are known
to predict response to anti-TNF therapy, mainly based on studies with adult patients. For both UC and
CD factors associated with a good response are younger age (<40 years) at diagnosis, concomitant use
of an immunomodulator and being naive to anti-TNF therapy [15,43—-45]. In addition, shorter disease
duration [45], isolated colonic disease [46], elevated CRP [47,48], the absence of previous surgery
in CD [15] and a hemoglobin >11.5 mg/dL in UC [49] are considered to have predictive value [50].
Conversely the following predictors of primary non-response to anti-TNF therapy have been reported:
IBD patients with severe disease and high BMI [51,52], UC patients with low serum albumin and low
haemoglobin at anti-TNF initiation [53,54] and CD patients with fibrostenotic disease [55], previous
intestinal resection and a disease duration of more than 2 years [44,56]. In a prospective cohort
including 995 CD patients (PANTS study) obesity, smoking, low albumin concentrations, higher
baseline markers of disease activity and development of immunogenicity were all associated with
low drug concentrations during induction resulting in non-remission at week 54 following anti-TNF
therapy. This suggests that part of the non-response to anti-TNF might be resolved by increasing the
target drug concentration during induction [57]. Although this is one of the few studies assessing
response to anti-TNF in which children and adolescents (>6 years) are included, no subanalysis has
been performed for this group so far.

Recently the therapeutic aim for CD has shifted from symptom control to mucosal healing,
hence preventing the development of stricturing or penetrating disease. There may be a window of
opportunity allowing early treatment to prevent further bowel damage since there is evidence that
alterations of the immune response occur years before diagnosis [58]. Therefore, detecting preclinical
disease with specific biomarkers may help prediction of therapy responsiveness. Some candidate
biomarkers may be found in the genetic field. Arijs et al. compared pre-treatment colonic mucosal
expression profiles of refractory UC patients who responded to IFX therapy (defined as complete
endoscopic and histological healing) to the non-responders to IFX therapy. Seventy-four probe
sets were found, representing 53 known genes. The top 5 of differentially expressed genes were
osteoprotegerin (TNFRSF11B), stanniocalcin-1 (STC1), prostaglandin-endoperoxide synthase 2 (PTGS2),
interleukin 13 receptor alpha 2 (IL13Ralpha2) and interleukin 11 (IL11). Together these genes predicted
the response to IFX with 89% accuracy. All of the proteins encoded by these genes are involved
in the adaptive immune response [59]. In a recent study, Bank et al. aimed to replicate previous
findings [60,61] in a new cohort of 587 CD and 458 UC patients and to find new single nucleotide
polymorphisms (SNPs) associated with anti-TNF response. Although the results should be confirmed
in other cohorts, they indicate that polymorphisms in genes involved in the regulation of the NFkB
pathway, the TNF-a signaling pathway and other cytokine pathways are associated with response to
anti-TNF therapy [62]. West et al. describes an overexpression of the cytokine oncostatin M (OSM),
which correlates closely with histopathological disease severity, in inflamed intestinal tissue from mice
and humans, particularly in patients with anti-TNF resistant disease [63]. Currently, studies regarding
genetic profiling, metabolomics and microbiome are ongoing to enable the prediction of IBD disease
course and response to therapy. Future studies are needed to validate previous findings.
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5. Combination Therapy

Although 60-87% of therapy refractory patients initially respond to anti-TNF induction therapy,
23-46% of primary responders lose anti-TNF response over time, showing a 31-40% loss of response rate
in paediatric patients receiving monotherapy [64-66]. The most important contributor to loss of response
is immunogenicity. Because anti-TNF agents consist of large and complex proteins, the formation
of anti-TNF antibodies is triggered. The combination of anti-TNF with an immunomodulator such
as azathioprine, 6-mercaptopurine, or methotrexate may prevent loss-of-response due to reduced
immunogenicity. The SONIC trial was the first RCT in biologic and immunomodulator naive patients
that showed that adult CD patients receiving combination therapy had superior clinical and endoscopic
outcomes compared to the patients on IFX monotherapy [50]. Patients receiving combination therapy
had higher drug levels and lower IFX antibody levels. In 2014 an RCT including adult patients
with moderate to severe UC treated with IFX demonstrated similar findings. IFX combined with
azathioprine was superior to monotherapy with azathioprine or IFX, while there was no superiority of
IFX monotherapy over azathioprine [67]. Also, for adalimumab, combination therapy was superior
over monotherapy reflected by better response rates, drug survival and a decreased number of
hospitalizations and abdominal surgeries [17].

In children and adolescents, the European guideline on paediatric CD states that there is insufficient
evidence to define the risk-benefit ratio for mono- or combination therapy [12], but since the publication
of this guideline several studies in children have shown for both CD and UC that combination
therapy lowers the risk of antibody formation [68-70]. Kansen et al. studied 229 children with CD
and found a lower probability of remaining free of antibodies to infliximab (ATI) in the group of
children who received IFX monotherapy compared to children receiving combination therapy at
12, 24 and 36 months (72.6% vs 93.4%, 57.7% vs 91% and 48.1% vs 91%, respectively). Moreover,
the incidence of ATI formation was significantly lower in children receiving continuous combination
therapy (p = 0.003) as was in children receiving early combined combination therapy, until a median
duration of 6.2 months (p = 0.008) compared to monotherapy [68]. This is in line with findings from
an RCT including 99 paediatric CD patients that compared the efficacy and safety of maintenance
therapy with ongoing combination therapy to IFX monotherapy after 26 weeks of combination therapy.
No significant differences were documented between groups for clinical response, disease activity
scores and endoscopic findings at 54 weeks. The need for treatment intensification or modification was
comparable in both groups [71]. In a prospective observational study in 37 paediatric CD patients,
mucosal healing was evaluated in patients receiving monotherapy or combination therapy with IFX
or ADA. No significant differences were found for complete mucosal healing but combination therapy
was superior for complete and partial mucosal healing taken together (p < 0.01) [72].

The more recent European guidelines for treatment of paediatric UC recommend induction
therapy with IFX in combination with an immunomodulator. After 6 months, discontinuation of the
immunomodulator may be considered, especially in boys [20]. Temporary combination therapy is
recommended due to the risk for lymphomas, in particular the lethal hepatosplenic T-cell lymphoma
(HSTCL), that occurs more often in young male patients. Concerns regarding the development of
malignancies when using combination therapy are justifiable according to a prospective registry
(DEVELQRP registry) including 5766 paediatric IBD patients with 25,543 patient-years of follow-up
(PYF) and showing a significantly higher standardized incidence ratio (SIR) of 3.06 (95% CI 1.32-6.04)
for malignancies in patients who received combination therapy with a biological and thiopurine
compared to 1.11 (95% CI 0.03-6.16) in patients with biologic monotherapy. When no stratification for
thiopurines was performed, no significantly higher incidence rates were found in patients receiving a
biological, providing a good reason to recommend discontinuation of the immunomodulator [73].

Prior to discontinuation of the immunomodulator one should optimize the dosage in order to
obtain IFX trough levels >5mg/mL. A retrospective study including 223 adult CD patients showed that
patients with adequate through levels fared well after immunomodulator withdrawal. Thirty-eight
percent of patients needed IFX dose increase after withdrawal of the immunomodulator and 18%
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discontinued IFX [74]. The same authors showed that for similar effectiveness, combination therapy
reduces IFX drug consumption and that IFX doses need to be increased upon discontinuation of the
immunomodulator [75].

6. Safety of Anti-TNF Agents

A large population-based study in paediatric IBD patients (n = 9442) compared to the general
population showed a 3-fold increased mortality risk with a HR of 6.6 (95% CI 5.3-8.2) when it
comes cancer as a cause of mortality. Most frequently reported cancer types in paediatric IBD are
colorectal carcinomas, cholangiocarcinomas and lymphomas, specifically the hepatosplenic T cell
lymphomas [76,77]. The latter is a feared complication due to its fatality, but so far, no relationship
with the use of biologics or anti-TNF in specific has been reported. A systematic review including 36
adult patients with HSTCL reported no cases on anti-TNF monotherapy [78,79]. A Swedish cohort
study including 9405 paediatric IBD patients reviewed the occurrence of cancer between groups with
different drug exposures, including anti-TNEF, but found no significant differences between groups [77].

The second most frequent cause of death in all paediatric IBD patients, as described by Olen et al.,
was digestive diseases (1 = 54, HR 36.8, 95% CI 21.3-67.6, including IBD) followed by infections (1 = 6,
HR 6, 95% CI 2.1-16.9). They found that the relative risk for death has not decreased with development
of new drugs for treatment of IBD, such as anti-TNF [80]. This study was underpowered to directly
assess the effect of biologics on mortality but a systematic review on the risk of serious infection in
paediatric IBD patients on anti-TNF therapy showed a similar risk in patients on anti-TNF therapy
compared to the expected rate of serious infection with immunomodulator therapy in paediatric
patients (333 per 10,000 PYF; SIR, 1.06; p = 0.65; 95% CI 0.83-1.36). The rate of serious infections
in the included prospective studies was similar between ADA and IFX (294 per 10,000 PYF vs 357
per 10,000 PYE, respectively; incidence rate ratio 0.82; p = 0.46; 95% CI 0.46-1.37) [81]. They did
find a significantly lower risk for serious infections compared to paediatric IBD patients treated with
steroids. The previously described large DEVELOP cohort by Hyams et al. compared incidence rates of
malignancy and hemophagocytic lymphohisticytosis (HLH), a disorder of immune hyperstimulation
and dysregulation that is associated with fatal consequences, in paediatric IBD patients exposed to
IFX with patients not exposed to biologics. IFX exposure was not associated with increased risk of
malignancy (SIR 1.69; 95% CI 0.46—4.32). The 5 cases of HLH registered in this cohort all occurred in
patients using thiopurines, none of those patients had exposure to IFX or ADA [73].

Besides this study, no other large studies were performed that assessed the role of anti-TNF on
the risk of these rare but severe complications in paediatric IBD. A large study in 190,694 adults with
IBD did confirm that combination therapy was associated with increased risks of serious infection
(HR 1.23; 95% CI 1.05-1.45) compared to anti-TNF monotherapy. In addition, compared to thiopurine
monotherapy, anti-TNF monotherapy was associated with an increased risk of serious infection
(HR 1.71; 95% CI 1.56-1.88) but on the other hand with a decreased risk of opportunistic viral infection
(HR 0.57; 95% C1 0.38-0.87), which shows the heterogeneity of findings [82]. Although it should be
stressed that absolute risks are small in all the aforementioned studies and the number of available
studies is limited, the findings suggest that patients with paediatric IBD should be followed closely
with regard to disease activity, treatment and risk of these complications.

7. Therapeutic Drug Monitoring and When to Exit

Considering the variability in the pharmacokinetics of anti-TNF agents among IBD patients,
therapeutic drug monitoring (TDM) is required to obtain optimal serum concentrations for effectiveness.
Several studies, in both adult UC and CD patients, have shown that the use of TDM during anti-TNF
therapy improves clinical outcomes and reduces antibody formation [83-87]. For paediatric UC,
the European guideline therefore recommends measuring drug levels and anti-drug antibody levels
following induction in order to optimize treatment. In addition, measuring drug levels is useful in
the assessment of unsatisfactory response to anti-TNF to guide dose escalation or a switch to another
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biologic [20]. It is known that TNF levels are influenced by multiple factors, including disease severity
and the degree of intestinal inflammation [88,89]. This justifies intensified dosing in children with
acute severe colitis. Drug levels obtained during induction maximize efficacy [24,90].

The optimal timing for the use of TDM in anti-TNF treatment for IBD patients is still debatable.
Whether TDM should be performed in a proactive manner, by measuring serum drug levels at
pre-specified time points, or in a reactive manner in case of loss of response, remains unclear. The first
RCT to compare adjusted drug dosing based on trough levels (proactive) with dosing based on clinical
activity (reactive) was the TAXIT trial. Atenrolment trough levels were highly variable in these adultIBD
patients and optimized to reach a target trough level prior to optimization. Concentration-based dosing
was not superior to clinically-based dosing in achieving remission after 1 year [91]. The subsequent
Tailorix study investigated dose adjustment based on symptoms, biomarker analysis and/or serum
concentration compared to dose adjustment based on symptoms alone in adult CD patients receiving
IFX combination therapy in a prospective randomized exploratory trial. There were no significant
differences in corticosteroid-free remission rates after 54 weeks [92]. In contrast, a retrospective study of
102 IBD patients reported that proactive TDM was independently associated with less treatment failure
in a multivariate analysis (HR 0.15; 95% CI 0.05-0.51; p = 0.002) and fewer IBD-related hospitalizations
(HR 0.18; 95% CI 0.05-0.99; p = 0.007) [93]. So far, no paediatric data have been reported comparing
proactive and reactive TDM strategies. Singh et al. did show in 58 paediatric IBD patients that week
14 IFX levels were predictive for persistent remission at week 54 [69]. In addition, van der Hoeve et al.
studied 35 children with IBD and found IFX trough levels just before the first maintenance infusion to
be significantly higher in children achieving clinical and/or biological remission at week 52 [94]. These
data suggest that reaching optimal trough levels during induction and prior to maintenance therapy
improves the efficacy of anti-TNE.

Withdrawal of anti-TNF therapy could be considered in cases of sustained remission, although it
may seem counterintuitive due to the fear of relapse or loss of efficacy. Reasons to consider withdrawal
of anti-TNF are related to safety, side effects, costs or patient preferences. The STORI trial was the first
study to assess the risk of relapse after discontinuation of anti-TNF therapy in adults. Patients had to be
in steroid-free remission for at least 6 months while on at least 1 year of scheduled IFX combined with
immunomodulators. A relapse rate of 43.9% after one year and 52.2% after two years was reported in
the 115 CD patients [95]. Several prospective and retrospective studies have followed assessing this
topic. A systematic review and meta-analysis including 27 studies showed an overall risk of relapse
after discontinuation of anti-TNF of 44% in CD (95% CI 36-51%; I? = 79%; 912 patients) and 38% for UC
(95% CI 23-52%; 12 = 82%; 266 patients) [96]. Amongst others, factors predictive of relapse in IBD are
elevated inflammatory markers (e.g. elevated leukocyte count, elevated C-reactive protein, elevated
faecal calprotectin) and absence of mucosal healing [97]. Although no official guidelines are available
on the discontinuation of anti-TNF agents in paediatric IBD, according to the available literature it is
suggested to evaluate all clinical parameters and perform an endoscopy to assess mucosal healing
prior to withdrawal of anti-TNF therapy. Furthermore, in children and adolescents with IBD growth
and pubertal development should be a priority when considering discontinuation of therapy.

8. Gaps in Knowledge and Future Perspectives

Current management of paediatric IBD with regard to anti-TNF therapy is illustrated in Figure 1,
which shows an example of anti-TNF therapy strategy for a specific patient.

The future place of anti-TNF therapy in the treatment of paediatric IBD will depend strongly
on the role of newly developed agents. Other biological agents are already used to treat refractory
paediatric IBD, vedolizumab being the most widely used. Currently available data find this monoclonal
antibody acting against «4[37-integrin to be safe and effective, while it has a slow induction rate
and seems less effective in CD patients compared to UC patients [98-101]. A systematic review and
meta-analysis recently showed that vedolizumab, together with IFX, was ranked highest for induction
of clinical remission when compared to anti-TNF agents, and janus kinase (JAK) inhibitors in UC
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adult patients. In addition, vedolizumab was considered safest in terms of serious adverse events and
infection [102]. Because only small cohorts of paediatric IBD patients using vedolizumab are described
and the role of vedolizumab in therapy-naive paediatric IBD patients is unclear, larger prospective
trials to assess efficacy and safety of vedolizumab are needed. Other biological agents that are currently
being investigated for their use in paediatric UC or CD are etrolizumab and ustekinumab (Table 1);
the latter has been found to be effective in inducing a clinical response in CD patients who have failed
or are intolerant to conventional treatments or TNF agents in phase III trials, and has also shown to
be beneficial in numerous real-world observational studies in adults with refractory CD [103-105].
In children and adolescents with CD only one retrospective study in 44 children is available, showing
a clinical remission rate of 38.6% after 12 months. Future prospective studies should confirm whether
this agent is a viable alternative in the treatment of paediatric IBD [106].

Considering the limited amount of data regarding these relatively new therapies, IFX, together
with ADA in case of CD, currently remains the most important biological agent for the treatment of
paediatric IBD. However, future changes in treatment strategies can be expected including subcutaneous
administration of IFX and due to the expected availability of other therapeutic agents.

Case:

A 12-year old male presents with abdominal pain and bloody diarrhea. His growth
chart shows that he dropped from the 50%to the 10 percentile for weight and from the
50 to the 25" percentile for length over the last two years. He has no signs of puberty.
A diagnostic endoscopy shows severe ileocolonic inflammation with deep ulcerations
in the colon which after complete assessment according to Porto criteria eventually
leads to the diagnosis Crohn’s disease. After screening of the infection status of this
patient he starts with infliximab (IFX) therapy. Animmunomodulator is started during
induction therapy with IFX.

The IFX infusions induce mucosal healing and complete dinical remission. The use of
the immunomodulator is discontinued after 6 months. Sixteen months after his initial
diagnosis he visits the outpatient clinic with complaints of abdominal pain and liquid
stools 3 times a day. Trough levels and antibodies of IFX are measured showing a
decreased trough level of 1.1 microgram per liter and no antibodies. After increasing
the IFX dose, the patient’s complaints dissolve.

General treatment approach regarding anti-TNF in paediatricIBD patients:

+ Review dinical findings and findings from additional investigations according to the
Porto criteria

+ Check the immune status prior to start of anti-TNF therapy

* Do not start anti-TNF in case of an abscess, stricture or stenosis without active
disease is present

* Consider combination therapy with an immunomodulator to decrease risk of
immunogenicity during the first 6 months of anti-TNF therapy

+ Use therapeutic drug monitoring (TDM) to optimize effectiveness of anti-TNF
therapy and to guide transition to another agent

Figure 1. Treatment with anti-TNF in a specific patient.

9. Conclusions

Anti-TNF agents, specifically IFX and ADA, have proven to be effective in children and adolescents
with moderate and severe IBD. Fortunately, it has been possible to limit the use of corticosteroids in
this vulnerable population. However, it is imperative to carefully assess clinical indicators and disease
behaviour for the prescription of anti-TNF therapy. In addition, costs and patient preferences play a
role when weighing treatment options.
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Considering the large heterogeneity between paediatric IBD patients, it should be stressed that
every patient should be evaluated separately. Overtreatment should be avoided, and for optimal
therapy effect, TDM should be performed. During therapy, the patient should be closely monitored to
prevent infections and other complications. For non-responders to anti-TNF therapy despite adequate
trough level, alternative treatment modalities should be sought, which is challenging, since reimbursed
options are currently limited. Clinical predictors for anti-TNF response are currently of limited value
because of the variation in outcome definitions and follow-up. Importantly, data regarding specific
biomarkers for paediatric IBD that could be used in daily clinical practice are lacking. More large
cohorts and clinical trials comparing groups according to their risk profile are needed in order to
provide safer and personalized therapeutic strategies for young patients.
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Abbreviations

ADA adalimumab

ATI antibodies to infliximab

CD Crohn’s disease

EEN exclusive enteral nutrition

EMA European Medicine Agency
ESPGHAN European Society of Pediatric Gastroenterology and Nutrition
FDA Food and Drug Administration

HLH hemophagocytic lymphohistiocytosis
HR hazard ratio

HSTCL hepatosplenic T-cell lymphoma

IBD inflammatory bowel disease

IFX infliximab

v intravenous

PCDAI pediatric Crohn’s disease activity index
PUCAI pediatric ulcerative colitis activity index
PYF patient-years of follow-up

RCT randomized controlled trial

SC subcutaneous

SIR standardized incidence ratio

SNPs Single nucleotide polymorphisms
TDM Therapeutic drug monitoring

UC ulcerative colitis

References

1.  Benchimol, E.I; Fortinsky, K.J.; Gozdyra, P; Van den Heuvel, M.; Van Limbergen, J.; Griffiths, A.M.
Epidemiology of pediatric inflammatory bowel disease: A systematic review of international trends.
Inflamm. Bowel Dis. 2011, 17, 423-439. [CrossRef]

2. Ghione, S.; Sarter, H.; Fumery, M.; Armengol-Debeir, L.; Savoye, G.; Ley, D.; Spyckerelle, C.; Pariente, B.;
Peyrin-Biroulet, L.; Turck, D.; et al. Dramatic increase in incidence of ulcerative colitis and crohn’s disease
(1988-2011): A population-based study of french adolescents. Am. ]. Gastroenterol. 2018, 113, 265-272.
[CrossRef]


http://dx.doi.org/10.1002/ibd.21349
http://dx.doi.org/10.1038/ajg.2017.228

Int. ]. Mol. Sci. 2019, 20, 2529 13 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

Benchimol, E.I; Bernstein, C.N.; Bitton, A.; Carroll, M.W,; Singh, H.; Otley, A.R.; Vutcovici, M.; El-Matary, W.;
Nguyen, G.C.; Griffiths, AM.; et al. Trends in epidemiology of pediatric inflammatory bowel disease
in canada: Distributed network analysis of multiple population-based provincial health administrative
databases. Am. J. Gastroenterol. 2017, 112, 1120-1134. [CrossRef]

Chouliaras, G.; Margoni, D.; Dimakou, K.; Fessatou, S.; Panayiotou, I.; Roma-Giannikou, E. Disease impact
on the quality of life of children with inflammatory bowel disease. World ]. Gastroenterol. 2017, 23, 1067-1075.
[CrossRef] [PubMed]

Hyames, J.; Crandall, W.; Kugathasan, S.; Griffiths, A.; Olson, A ; Johanns, J.; Liu, G.; Travers, S.; Heuschkel, R.;
Markowitz, J.; et al. Induction and maintenance infliximab therapy for the treatment of moderate-to-severe
crohn’s disease in children. Gastroenterology 2007, 132, 863-873. [CrossRef]

Sandborn, WJ.; Lee, S.D.; Randall, C.; Gutierrez, A.; Schwartz, D.A.; Ambarkhane, S.; Kayhan, C;
Pierre-Louis, B.; Schreiber, S.; Lichtenstein, G.R. Long-term safety and efficacy of certolizumab pegol
in the treatment of crohn’s disease: 7-year results from the precise 3 study. Aliment. Pharmacol. Ther. 2014, 40,
903-916. [CrossRef]

Schreiber, S.; Khalig-Kareemi, M.; Lawrance, I.C.; Thomsen, O.O.; Hanauer, S.B.; McColm, J.; Bloomfield, R.;
Sandborn, W.J.; Investigators, P.S. Maintenance therapy with certolizumab pegol for crohn’s disease. N. Engl.
J. Med. 2007, 357, 239-250. [CrossRef]

Sandborn, W.J.; Feagan, B.G.; Marano, C.; Zhang, H.; Strauss, R.; Johanns, J.; Adedokun, O.].; Guzzo, C.;
Colombel, ].F.; Reinisch, W.; et al. Subcutaneous golimumab induces clinical response and remission in
patients with moderate-to-severe ulcerative colitis. Gastroenterology 2014, 146, 85-95. [CrossRef] [PubMed]
Sandborn, W.J.; Feagan, B.G.; Marano, C.; Zhang, H.; Strauss, R.; Johanns, J.; Adedokun, O.].; Guzzo, C;
Colombel, J.E; Reinisch, W.; et al. Subcutaneous golimumab maintains clinical response in patients with
moderate-to-severe ulcerative colitis. Gastroenterology 2014, 146, 96-109. [CrossRef]

Cunningham, G.; Samaan, M.A.; Irving, PM. Golimumab in the treatment of ulcerative colitis. Therap Adv.
Gastroenterol. 2019, 12, 1756284818821266. [CrossRef] [PubMed]

Hyams, J.; Damaraju, L.; Blank, M.; Johanns, J.; Guzzo, C.; Winter, H.S.; Kugathasan, S.; Cohen, S.;
Markowitz, J.; Escher, ].C.; et al. Induction and maintenance therapy with infliximab for children with
moderate to severe ulcerative colitis. Clin. Gastroenterol. Hepatol. 2012, 10, 391-399. [CrossRef]

Ruemmele, EM.; Veres, G.; Kolho, K.L.; Griffiths, A.; Levine, A.; Escher, J.C.; Amil Dias, J.; Barabino, A.;
Braegger, C.P,; Bronsky, J.; et al. Consensus guidelines of ecco/espghan on the medical management of
pediatric crohn’s disease. J. Crohns Colitis 2014, 8, 1179-1207. [CrossRef]

Ashton, ].J.; Borca, F.; Mossotto, E.; Coelho, T.; Batra, A.; Afzal, N.A.; Phan, H.T.T.; Stanton, M.; Ennis, S.;
Beattie, R.M. Increased prevalence of anti-tnf therapy in paediatric inflammatory bowel disease is associated
with a decline in surgical resections during childhood. Aliment. Pharmacol. Ther. 2019, 49, 398—407. [CrossRef]
Kestens, C.; van Oijen, M.G.; Mulder, C.L.; van Bodegraven, A.A.; Dijkstra, G.; de Jong, D.; Ponsioen, C.; van
Tuyl, B.A ; Siersema, P.D.; Fidder, H.H; et al. Adalimumab and infliximab are equally effective for crohn’s
disease in patients not previously treated with anti-tumor necrosis factor-alpha agents. Clin Gastroenterol.
Hepatol. 2013, 11, 826-831. [CrossRef]

Macaluso, ES.; Fries, W.; Privitera, A.C.; Cappello, M.; Siringo, S.; Inserra, G.; Magnano, A.; Di Mitri, R.;
Mocciaro, F,; Belluardo, N.; et al. A propensity score-matched comparison of infliximab and adalimumab in
tumour necrosis factor-alpha inhibitor-naive and non-naive patients with crohn’s disease: Real-life data
from the sicilian network for inflammatory bowel disease. J. Crohns Colitis 2019, 13, 209-217. [CrossRef]
Narula, N.; Kainz, S.; Petritsch, W.; Haas, T.; Feichtenschlager, T.; Novacek, G.; Eser, A.; Vogelsang, H.;
Reinisch, W.; Papay, P. The efficacy and safety of either infliximab or adalimumab in 362 patients with
anti-tnf-alpha naive crohn’s disease. Aliment. Pharmacol. Ther. 2016, 44, 170-180. [CrossRef]

Cosnes, J.; Sokol, H.; Bourrier, A.; Nion-Larmurier, I.; Wisniewski, A.; Landman, C.; Marteau, P.; Beaugerie, L.;
Perez, K.; Seksik, P. Adalimumab or infliximab as monotherapy, or in combination with an immunomodulator,
in the treatment of crohn’s disease. Aliment. Pharmacol. Ther. 2016, 44, 1102-1113. [CrossRef]

Ruemmele, EM.; Rosh, ]J.; Faubion, W.A.; Dubinsky, M.C.; Turner, D.; Lazar, A.; Eichner, S.; Maa, J.F;
Alperovich, G.; Robinson, A.M.; et al. Efficacy of adalimumab for treatment of perianal fistula in children
with moderately to severely active crohn’s disease: Results from imagine 1 and imagine 2. J. Crohns Colitis
2018, 12, 1249-1254. [CrossRef]


http://dx.doi.org/10.1038/ajg.2017.97
http://dx.doi.org/10.3748/wjg.v23.i6.1067
http://www.ncbi.nlm.nih.gov/pubmed/28246481
http://dx.doi.org/10.1053/j.gastro.2006.12.003
http://dx.doi.org/10.1111/apt.12930
http://dx.doi.org/10.1056/NEJMoa062897
http://dx.doi.org/10.1053/j.gastro.2013.05.048
http://www.ncbi.nlm.nih.gov/pubmed/23735746
http://dx.doi.org/10.1053/j.gastro.2013.06.010
http://dx.doi.org/10.1177/1756284818821266
http://www.ncbi.nlm.nih.gov/pubmed/30728858
http://dx.doi.org/10.1016/j.cgh.2011.11.026
http://dx.doi.org/10.1016/j.crohns.2014.04.005
http://dx.doi.org/10.1111/apt.15094
http://dx.doi.org/10.1016/j.cgh.2013.01.012
http://dx.doi.org/10.1093/ecco-jcc/jjy156
http://dx.doi.org/10.1111/apt.13671
http://dx.doi.org/10.1111/apt.13808
http://dx.doi.org/10.1093/ecco-jcc/jjy087

Int. ]. Mol. Sci. 2019, 20, 2529 14 of 19

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Crandall, W.; Hyams, J.; Kugathasan, S.; Griffiths, A.; Zrubek, J.; Olson, A.; Liu, G.; Heuschkel, R;;
Markowitz, J.; Cohen, S.; et al. Infliximab therapy in children with concurrent perianal crohn disease:
Observations from reach. J. Pediatr. Gastroenterol. Nutr. 2009, 49, 183-190. [CrossRef]

Turner, D.; Ruemmele, EM.; Orlanski-Meyer, E.; Griffiths, A.M.; Carpi, ].M.; Bronsky, J.; Veres, G.; Aloi, M.;
Strisciuglio, C.; Braegger, C.P; et al. Management of paediatric ulcerative colitis, part 1: Ambulatory care- an
evidence-based guideline from ecco and espghan. J. Pediatr. Gastroenterol. Nutr. 2018, 67, 257-291. [CrossRef]
Corica, D.; Romano, C. Biological therapy in pediatric inflammatory bowel disease: A systematic review.
J. Clin. Gastroenterol. 2017, 51, 100-110. [CrossRef]

Lawson, M.M.; Thomas, A.G.; Akobeng, A K. Tumour necrosis factor alpha blocking agents for induction of
remission in ulcerative colitis. Cochrane Database Syst. Rev. 2006, CD005112. [CrossRef]

Church, P.C.; Ho, S.; Sharma, A.; Tomalty, D.; Frost, K.; Muise, A.; Walters, T.D.; Griffiths, A.M. Intensified
infliximab induction is associated with improved response and decreased colectomy in steroid-refractory
paediatric ulcerative colitis. J. Crohns Colitis 2019. [CrossRef]

Turner, D.; Ruemmele, EM.; Orlanski-Meyer, E.; Griffiths, A.M.; de Carpi, ].M.; Bronsky, J.; Veres, G.; Aloi, M.;
Strisciuglio, C.; Braegger, C.P; et al. Management of paediatric ulcerative colitis, part 2: Acute severe
colitis-an evidence-based consensus guideline from the european crohn’s and colitis organization and the
european society of paediatric gastroenterology, hepatology and nutrition. |. Pediatr. Gastroenterol. Nutr.
2018, 67, 292-310. [CrossRef] [PubMed]

Turner, D.; Walsh, C.M.; Benchimol, E.I.; Mann, E.H.; Thomas, K.E.; Chow, C.; McLernon, R.A.; Walters, T.D.;
Swales, J.; Steinhart, A.H.; et al. Severe paediatric ulcerative colitis: Incidence, outcomes and optimal timing
for second-line therapy. Gut 2008, 57, 331-338. [CrossRef]

Turner, D.; Mack, D.; Leleiko, N.; Walters, T.D.; Uusoue, K.; Leach, S.T.; Day, A.S.; Crandall, W.; Silverberg, M.S.;
Markowitz, J.; et al. Severe pediatric ulcerative colitis: A prospective multicenter study of outcomes and
predictors of response. Gastroenterology 2010, 138, 2282-2291. [CrossRef]

Turner, D.; Koletzko, S.; Griffiths, A.M.; Hyams, J.; Dubinsky, M.; de Ridder, L.; Escher, J.; Lionetti, P.;
Cucchiara, S.; Lentze, M.].; et al. Use of placebo in pediatric inflammatory bowel diseases: A position paper
from espghan, ecco, pibdnet, and the canadian children ibd network. . Pediatr. Gastroenterol. Nutr. 2016, 62,
183-187. [CrossRef]

Ruemmele, EM.; Lachaux, A.; Cezard, J.P.; Morali, A.; Maurage, C.; Ginies, J.L.; Viola, S.; Goulet, O.;
Lamireau, T.; Scaillon, M.; et al. Efficacy of infliximab in pediatric crohn’s disease: A randomized multicenter
open-label trial comparing scheduled to on demand maintenance therapy. Inflamm. Bowel Dis. 2009, 15,
388-394. [CrossRef]

Hyams, ].S.; Griffiths, A.; Markowitz, J.; Baldassano, R.N.; Faubion, W.A,, Jr.; Colletti, R.B.; Dubinsky, M.;
Kierkus, J.; Rosh, ].; Wang, Y.; et al. Safety and efficacy of adalimumab for moderate to severe crohn’s disease
in children. Gastroenterology 2012, 143, 365-374. [CrossRef] [PubMed]

Walters, T.D.; Kim, M.O.; Denson, L.A.; Griffiths, AM.; Dubinsky, M.; Markowitz, J.; Baldassano, R;
Crandall, W.; Rosh, J.; Pfefferkorn, M.; et al. Increased effectiveness of early therapy with anti-tumor necrosis
factor-alpha vs an immunomodulator in children with crohn’s disease. Gastroenterology 2014, 146, 383-391.
[CrossRef] [PubMed]

Kugathasan, S.; Denson, L.A.; Walters, T.D.; Kim, M.O.; Marigorta, U.M.; Schirmer, M.; Mondal, K ; Liu, C;
Griffiths, A.; Noe, ].D.; et al. Prediction of complicated disease course for children newly diagnosed with
crohn’s disease: A multicentre inception cohort study. Lancet 2017, 389, 1710-1718. [CrossRef]

Kang, B.; Choi, S.Y.; Kim, H.S.; Kim, K.; Lee, Y.M.; Choe, Y.H. Mucosal healing in paediatric patients with
moderate-to-severe luminal crohn’s disease under combined immunosuppression: Escalation versus early
treatment. J. Crohns Colitis 2016, 10, 1279-1286. [CrossRef]

Lee, YM,; Kang, B.; Lee, Y.; Kim, M.].; Choe, Y.H. Infliximab "top-down" strategy is superior to "step-up" in
maintaining long-term remission in the treatment of pediatric crohn disease. . Pediatr. Gastroenterol. Nutr.
2015, 60, 737-743. [CrossRef]

Yoo, D.H.; Prodanovic, N.; Jaworski, J.; Miranda, P.; Ramiterre, E.; Lanzon, A.; Baranauskaite, A.; Wiland, P,;
Abud-Mendoza, C.; Oparanov, B.; et al. Efficacy and safety of ct-p13 (biosimilar infliximab) in patients with
rheumatoid arthritis: Comparison between switching from reference infliximab to ct-p13 and continuing
ct-p13 in the planetra extension study. Ann. Rheum. Dis. 2017, 76, 355-363. [CrossRef]


http://dx.doi.org/10.1097/MPG.0b013e3181a70f21
http://dx.doi.org/10.1097/MPG.0000000000002035
http://dx.doi.org/10.1097/MCG.0000000000000696
http://dx.doi.org/10.1002/14651858.CD005112.pub2
http://dx.doi.org/10.1093/ecco-jcc/jjz019
http://dx.doi.org/10.1097/MPG.0000000000002036
http://www.ncbi.nlm.nih.gov/pubmed/30044358
http://dx.doi.org/10.1136/gut.2007.136481
http://dx.doi.org/10.1053/j.gastro.2010.02.047
http://dx.doi.org/10.1097/MPG.0000000000001024
http://dx.doi.org/10.1002/ibd.20788
http://dx.doi.org/10.1053/j.gastro.2012.04.046
http://www.ncbi.nlm.nih.gov/pubmed/22562021
http://dx.doi.org/10.1053/j.gastro.2013.10.027
http://www.ncbi.nlm.nih.gov/pubmed/24162032
http://dx.doi.org/10.1016/S0140-6736(17)30317-3
http://dx.doi.org/10.1093/ecco-jcc/jjw086
http://dx.doi.org/10.1097/MPG.0000000000000711
http://dx.doi.org/10.1136/annrheumdis-2015-208786

Int. ]. Mol. Sci. 2019, 20, 2529 15 0f 19

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Park, W.; Yoo, D.H.; Jaworski, J.; Brzezicki, J.; Gnylorybov, A.; Kadinov, V.; Sariego, L.G.; Abud-Mendoza, C.;
Escalante, W.J.; Kang, S.W.; et al. Comparable long-term efficacy, as assessed by patient-reported outcomes,
safety and pharmacokinetics, of ct-p13 and reference infliximab in patients with ankylosing spondylitis:
54-week results from the randomized, parallel-group planetas study. Arthritis Res. Ther. 2016, 18, 25.
[CrossRef]

Komaki, Y.; Yamada, A.; Komaki, F.; Micic, D.; Ido, A.; Sakuraba, A. Systematic review with meta-analysis:
The efficacy and safety of ct-p13, a biosimilar of anti-tumour necrosis factor-alpha agent (infliximab),
in inflammatory bowel diseases. Aliment. Pharmacol. Ther. 2017, 45, 1043-1057. [CrossRef]

Chanchlani, N.; Mortier, K.; Williams, L.J.; Muhammed, R.; Auth, M.K.H.; Cosgrove, M.; Fagbemi, A.; Fell, J.;
Chong, S.; Zamvar, V.; et al. Use of infliximab biosimilar versus originator in a pediatric united kingdom
inflammatory bowel disease induction cohort. . Pediatr. Gastroenterol. Nutr. 2018, 67, 513-519. [CrossRef]
Sieczkowska-Golub, J.; Meglicka, M.; Plocek, A.; Banaszkiewicz, A.; Jarzebicka, D.; Toporowska-Kowalska, E.;
Gawronska, A.; Oracz, G.; Kierkus, J. Induction therapy with biosimilar infliximab in children with crohn
disease. |. Pediatr. Gastroenterol. Nutr. 2017, 65, 285-288. [CrossRef]

Richmond, L.; Curtis, L.; Garrick, V.; Rogers, P.; Wilson, M.; Tayler, R.; Henderson, P.; Hansen, R.; Wilson, D.C.;
Russell, R.K. Biosimilar infliximab use in paediatric ibd. Arch. Dis. Child. 2018, 103, 89-91. [CrossRef]
Sieczkowska, J.; Jarzebicka, D.; Banaszkiewicz, A.; Plocek, A.; Gawronska, A.; Toporowska-Kowalska, E.;
Oracz, G.; Meglicka, M.; Kierkus, J. Switching between infliximab originator and biosimilar in paediatric
patients with inflammatory bowel disease. Preliminary observations. J. Crohns Colitis 2016, 10, 127-132.
[CrossRef]

Kang, B.; Lee, Y.; Lee, K.; Choi, Y.O.; Choe, Y.H. Long-term outcomes after switching to ct-p13 in pediatric-onset
inflammatory bowel disease: A single-center prospective observational study. Inflamm. Bowel Dis. 2018, 24,
607-616. [CrossRef]

de Ridder, L.; Assa, A.; Bronsky, J.; Romano, C.; Russell, R K.; Afzal, N.A.; Hauer, A.C.; Knafelz, D.; Lionetti, P.;
Strisciuglio, C.; et al. Use of biosimilars in paediatric inflammatory bowel disease: An updated position
statement of the paediatric ibd porto group of espghan. J. Pediatr. Gastroenterol. Nutr. 2018, 68, 144-153.
[CrossRef]

Ferrante, M.; Vermeire, S.; Katsanos, K.H.; Noman, M.; Van Assche, G.; Schnitzler, F.; Arijs, I.; De Hertogh, G.;
Hoffman, I.; Geboes, ] K,; et al. Predictors of early response to infliximab in patients with ulcerative colitis.
Inflamm. Bowel Dis. 2007, 13, 123-128. [CrossRef]

Vermeire, S.; Louis, E.; Carbonez, A.; Van Assche, G.; Noman, M.; Belaiche, J.; De Vos, M.; Van Gossum, A.;
Pescatore, P.; Fiasse, R.; et al. Demographic and clinical parameters influencing the short-term outcome of
anti-tumor necrosis factor (infliximab) treatment in crohn’s disease. Am. |. Gastroenterol. 2002, 97, 2357-2363.
[CrossRef]

Colombel, J.E; Reinisch, W.; Mantzaris, G.J.; Kornbluth, A.; Rutgeerts, P.; Tang, K.L.; Oortwijn, A.;
Bevelander, G.S.; Cornillie, EJ.; Sandborn, W.J. Randomised clinical trial: Deep remission in biologic and
immunomodulator naive patients with crohn’s disease - a sonic post hoc analysis. Aliment. Pharmacol. Ther.
2015, 41, 734-746. [CrossRef]

Juillerat, P.; Sokol, H.; Froehlich, F,; Yajnik, V.; Beaugerie, L.; Lucci, M.; Burnand, B.; Macpherson, A.].;
Cosnes, J.; Korzenik, J.R. Factors associated with durable response to infliximab in crohn’s disease 5 years
and beyond: A multicenter international cohort. Inflamm. Bowel. Dis. 2015, 21, 60-70. [CrossRef]

Louis, E.; Vermeire, S.; Rutgeerts, P.; De Vos, M.; Van Gossum, A.; Pescatore, P.; Fiasse, R.; Pelckmans, P.;
Reynaert, H.; D'Haens, G.; et al. A positive response to infliximab in crohn disease: Association with a higher
systemic inflammation before treatment but not with -308 tnf gene polymorphism. Scand. J. Gastroenterol.
2002, 37, 818-824. [CrossRef]

Reinisch, W.; Wang, Y.; Oddens, B.J.; Link, R. C-reactive protein, an indicator for maintained response or
remission to infliximab in patients with crohn’s disease: A post-hoc analysis from accenti. Aliment. Pharmacol.
Ther. 2012, 35, 568-576. [CrossRef]

Lee, KM.; Jeen, Y.T.; Cho, ].Y,; Lee, C.K,; Koo, ].S.; Park, D.I.; Im, J.P,; Park, S.J.; Kim, Y.S.; Kim, T.O.; et al.
Efficacy, safety, and predictors of response to infliximab therapy for ulcerative colitis: A korean multicenter
retrospective study. J. Gastroenterol. Hepatol. 2013, 28, 1829-1833. [CrossRef]


http://dx.doi.org/10.1186/s13075-016-0930-4
http://dx.doi.org/10.1111/apt.13990
http://dx.doi.org/10.1097/MPG.0000000000002011
http://dx.doi.org/10.1097/MPG.0000000000001643
http://dx.doi.org/10.1136/archdischild-2017-313404
http://dx.doi.org/10.1093/ecco-jcc/jjv233
http://dx.doi.org/10.1093/ibd/izx047
http://dx.doi.org/10.1097/MPG.0000000000002141
http://dx.doi.org/10.1002/ibd.20054
http://dx.doi.org/10.1111/j.1572-0241.2002.05991.x
http://dx.doi.org/10.1111/apt.13139
http://dx.doi.org/10.1097/MIB.0000000000000225
http://dx.doi.org/10.1080/gas.37.7.818.824
http://dx.doi.org/10.1111/j.1365-2036.2011.04987.x
http://dx.doi.org/10.1111/jgh.12324

Int. ]. Mol. Sci. 2019, 20, 2529 16 of 19

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Colombel, ].F,; Sandborn, W.J.; Reinisch, W.; Mantzaris, G.J.; Kornbluth, A.; Rachmilewitz, D.; Lichtiger, S.;
D’Haens, G.; Diamond, R.H.; Broussard, D.L.; et al. Infliximab, azathioprine, or combination therapy for
crohn’s disease. N. Engl. ]. Med. 2010, 362, 1383-1395. [CrossRef]

Harper, ].W,; Sinanan, M.N.; Zisman, T.L. Increased body mass index is associated with earlier time to loss of
response to infliximab in patients with inflammatory bowel disease. Inflamm. Bowel Dis. 2013, 19, 2118-2124.
[CrossRef]

Reinisch, W.; Sandborn, W.J.; Hommes, D.W.; D’Haens, G.; Hanauer, S.; Schreiber, S.; Panaccione, R.;
Fedorak, R.N.; Tighe, M.B.; Huang, B.; et al. Adalimumab for induction of clinical remission in moderately to
severely active ulcerative colitis: Results of a randomised controlled trial. Gut 2011, 60, 780-787. [CrossRef]
Oussalah, A.; Evesque, L.; Laharie, D.; Roblin, X.; Boschetti, G.; Nancey, S.; Filippi, J.; Flourie, B.; Hebuterne, X.;
Bigard, M.A_; et al. A multicenter experience with infliximab for ulcerative colitis: Outcomes and predictors
of response, optimization, colectomy, and hospitalization. Am. ]. Gastroenterol. 2010, 105, 2617-2625.
[CrossRef]

Fasanmade, A.A.; Adedokun, O.].; Olson, A.; Strauss, R.; Davis, HM. Serum albumin concentration:
A predictive factor of infliximab pharmacokinetics and clinical response in patients with ulcerative colitis.
Int. J. Clin. Pharmacol. Ther. 2010, 48, 297-308. [CrossRef] [PubMed]

Moran, G.W.; Dubeau, M.F,; Kaplan, G.G.; Yang, H.; Seow, C.H.; Fedorak, R.N.; Dieleman, L.A.; Barkema, HW.;
Ghosh, S.; Panaccione, R.; et al. Phenotypic features of crohn’s disease associated with failure of medical
treatment. Clin. Gastroenterol. Hepatol. 2014, 12, 434-442. [CrossRef]

Colombel, J.F; Sandborn, W.J.; Rutgeerts, P; Enns, R.; Hanauer, S.B.; Panaccione, R.; Schreiber, S.;
Byczkowski, D.; Li, J.; Kent, ].D.; et al. Adalimumab for maintenance of clinical response and remission in
patients with crohn’s disease: The charm trial. Gastroenterology 2007, 132, 52-65. [CrossRef] [PubMed]
Kennedy, N.A.; Heap, G.A.; Green, H.D.; Hamilton, B.; Bewshea, C.; Walker, G.J.; Thomas, A.; Nice, R.;
Perry, M.H.; Bouri, S.; et al. Predictors of anti-tnf treatment failure in anti-tnf-naive patients with active
luminal crohn’s disease: A prospective, multicentre, cohort study. Lancet Gastroenterol. Hepatol. 2019, 4,
341-353. [CrossRef]

Colombel, J.F.; Narula, N.; Peyrin-Biroulet, L. Management strategies to improve outcomes of patients with
inflammatory bowel diseases. Gastroenterology 2017, 152, 351-361. [CrossRef] [PubMed]

Arijs, I; Li, K; Toedter, G.; Quintens, R.; Van Lommel, L.; Van Steen, K.; Leemans, P.; De Hertogh, G.;
Lemaire, K.; Ferrante, M.; et al. Mucosal gene signatures to predict response to infliximab in patients with
ulcerative colitis. Gut 2009, 58, 1612-1619. [CrossRef]

Bank, S.; Andersen, P.S.; Burisch, J.; Pedersen, N.; Roug, S.; Galsgaard, J.; Turino, S.Y.; Brodersen, J.B.;
Rashid, S.; Rasmussen, B.K.; et al. Associations between functional polymorphisms in the nfkappab
signaling pathway and response to anti-tnf treatment in danish patients with inflammatory bowel disease.
Pharmacogenomics ]. 2014, 14, 526-534. [CrossRef]

Bank, S.; Andersen, P.S.; Burisch, J.; Pedersen, N.; Roug, S.; Galsgaard, J.; Turino, S.Y.; Brodersen, ].B.;
Rashid, S.; Rasmussen, B.K,; et al. Genetically determined high activity of il-12 and il-18 in ulcerative colitis
and tlr5 in crohns disease were associated with non-response to anti-tnf therapy. Pharmacogenomics J. 2018,
18, 87-97. [CrossRef] [PubMed]

Bank, S.; Julsgaard, M.; Abed, O.K.; Burisch, J.; Broder Brodersen, J.; Pedersen, N.K.; Gouliaev, A.; Ajan, R.;
Nytoft Rasmussen, D.; Honore Grauslund, C.; et al. Polymorphisms in the nfkb, tnf-alpha, il-1beta, and
il-18 pathways are associated with response to anti-tnf therapy in danish patients with inflammatory bowel
disease. Aliment. Pharmacol. Ther. 2019, 49, 890-903. [CrossRef]

West, N.R.; Hegazy, A.N.; Owens, B.M.].; Bullers, S.J.; Linggi, B.; Buonocore, S.; Coccia, M.; Gortz, D.; This, S.;
Stockenhuber, K.; et al. Oncostatin m drives intestinal inflammation and predicts response to tumor necrosis
factor-neutralizing therapy in patients with inflammatory bowel disease. Nat. Med. 2017, 23, 579-589.
[CrossRef]

Ding, N.S.; Hart, A.; De Cruz, P. Systematic review: Predicting and optimising response to anti-tnf therapy in
crohn’s disease - algorithm for practical management. Aliment. Pharmacol. Ther. 2016, 43, 30-51. [CrossRef]
Grossi, V.; Lerer, T; Griffiths, A.; LeLeiko, N.; Cabrera, J.; Otley, A.; Rick, J.; Mack, D.; Bousvaros, A.; Rosh, J.;
et al. Concomitant use of immunomodulators affects the durability of infliximab therapy in children with
crohn’s disease. Clin. Gastroenterol. Hepatol. 2015, 13, 1748-1756. [CrossRef] [PubMed]


http://dx.doi.org/10.1056/NEJMoa0904492
http://dx.doi.org/10.1097/MIB.0b013e31829cf401
http://dx.doi.org/10.1136/gut.2010.221127
http://dx.doi.org/10.1038/ajg.2010.345
http://dx.doi.org/10.5414/CPP48297
http://www.ncbi.nlm.nih.gov/pubmed/20420786
http://dx.doi.org/10.1016/j.cgh.2013.08.026
http://dx.doi.org/10.1053/j.gastro.2006.11.041
http://www.ncbi.nlm.nih.gov/pubmed/17241859
http://dx.doi.org/10.1016/S2468-1253(19)30012-3
http://dx.doi.org/10.1053/j.gastro.2016.09.046
http://www.ncbi.nlm.nih.gov/pubmed/27720840
http://dx.doi.org/10.1136/gut.2009.178665
http://dx.doi.org/10.1038/tpj.2014.19
http://dx.doi.org/10.1038/tpj.2016.84
http://www.ncbi.nlm.nih.gov/pubmed/28139755
http://dx.doi.org/10.1111/apt.15187
http://dx.doi.org/10.1038/nm.4307
http://dx.doi.org/10.1111/apt.13445
http://dx.doi.org/10.1016/j.cgh.2015.04.010
http://www.ncbi.nlm.nih.gov/pubmed/25911120

Int. ]. Mol. Sci. 2019, 20, 2529 17 of 19

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

De Bie, C.I,; Hummel, T.Z,; Kindermann, A.; Kokke, ET.; Damen, G.M.; Kneepkens, C.M.; Van Rheenen, PF;
Schweizer, J.J.; Hoekstra, J.H.; Norbruis, O.E,; et al. The duration of effect of infliximab maintenance treatment
in paediatric crohn’s disease is limited. Aliment. Pharmacol. Ther. 2011, 33, 243-250. [CrossRef] [PubMed]
Panaccione, R.; Ghosh, S.; Middleton, S.; Marquez, ].R.; Scott, B.B.; Flint, L.; van Hoogstraten, H.].; Chen, A.C,;
Zheng, H.; Danese, S.; et al. Combination therapy with infliximab and azathioprine is superior to monotherapy
with either agent in ulcerative colitis. Gastroenterology 2014, 146, 392-400. [CrossRef] [PubMed]

Kansen, H.M.; van Rheenen, PF.; Houwen, R.H.].; Tjon A Ten, W.; Damen, G.M.; Kindermann, A.; Escher, ].C.;
Wolters, V.M.; Kids with Crohn'’s, Colitis (KiCC) Working Group for Collaborative Paediatric IBD Research
in the Netherlands. Less anti-infliximab antibody formation in paediatric crohn patients on concomitant
immunomodulators. |. Pediatr. Gastroenterol. Nutr. 2017, 65, 425-429. [CrossRef] [PubMed]

Singh, N.; Rosenthal, C.J.; Melmed, G.Y.; Mirocha, J.; Farrior, S.; Callejas, S.; Tripuraneni, B.; Rabizadeh, S.;
Dubinsky, M.C. Early infliximab trough levels are associated with persistent remission in pediatric patients
with inflammatory bowel disease. Inflamm. Bowel Dis. 2014, 20, 1708-1713. [CrossRef]

Chi, L.Y,; Zitomersky, N.L.; Liu, E.; Tollefson, S.; Bender-Stern, J.; Naik, S.; Snapper, S.; Bousvaros, A. The
impact of combination therapy on infliximab levels and antibodies in children and young adults with
inflammatory bowel disease. Inflamm. Bowel Dis. 2018, 24, 1344-1351. [CrossRef]

Kierkus, ].; Iwanczak, B.; Wegner, A.; Dadalski, M.; Grzybowska-Chlebowczyk, U.; Lazowska, I.; Maslana, J.;
Toporowska-Kowalska, E.; Czaja-Bulsa, G.; Mierzwa, G.; et al. Monotherapy with infliximab versus
combination therapy in the maintenance of clinical remission in children with moderate to severe crohn
disease. |. Pediatr. Gastroenterol. Nutr. 2015, 60, 580-585. [CrossRef]

Nuti, E; Civitelli, F; Bloise, S.; Oliva, S.; Aloi, M.; Latorre, G.; Viola, F.; Cucchiara, S. Prospective evaluation
of the achievement of mucosal healing with anti-tnf-alpha therapy in a paediatric crohn’s disease cohort.
J. Crohns Colitis 2016, 10, 5-12. [CrossRef]

Hyams, J.S.; Dubinsky, M.C.; Baldassano, R.N.; Colletti, R.B.; Cucchiara, S.; Escher, J.; Faubion, W,;
Fell, ].; Gold, B.D.; Griffiths, A.; et al. Infliximab is not associated with increased risk of malignancy or
hemophagocytic lymphohistiocytosis in pediatric patients with inflammatory bowel disease. Gastroenterology
2017, 152, 1901-1914. [CrossRef]

Drobne, D.; Bossuyt, P.; Breynaert, C.; Cattaert, T.; Vande Casteele, N.; Compernolle, G.; Jurgens, M.;
Ferrante, M.; Ballet, V.; Wollants, W.].; et al. Withdrawal of immunomodulators after co-treatment does not
reduce trough level of infliximab in patients with crohn’s disease. Clin. Gastroenterol. Hepatol. 2015, 13,
514-521. [CrossRef]

Drobne, D.; Kurent, T.; Golob, S.; Svegl, P; Rajar, P.; Hanzel, J.; Kozelj, M.; Novak, G.; Smrekar, N.; Ferkolj, I;
et al. Optimised infliximab monotherapy is as effective as optimised combination therapy, but is associated
with higher drug consumption in inflammatory bowel disease. Aliment. Pharmacol. Ther. 2019, 49, 880-889.
[CrossRef]

Aardoom, ML.A; Joosse, M.E.; de Vries, A.C.H.; Levine, A.; de Ridder, L. Malignancy and mortality in
pediatric-onset inflammatory bowel disease: A systematic review. Inflamm. Bowel Dis. 2018, 24, 732-741.
[CrossRef]

Olen, O.; Askling, J.; Sachs, M.C.; Frumento, P; Neovius, M.; Smedby, K.E.; Ekbom, A.; Malmborg, P.;
Ludvigsson, J.E. Childhood onset inflammatory bowel disease and risk of cancer: A swedish nationwide
cohort study 1964-2014. B.M.]. 2017, 358, j3951. [CrossRef]

Joosse, M.E.; Aardoom, M.A.; Kemos, P.; Turner, D.; Wilson, D.C.; Koletzko, S.; Martin-de-Carpi, J.;
Fagerberg, U.L.; Spray, C.; Tzivinikos, C.; et al. Malignancy and mortality in paediatric-onset inflammatory
bowel disease: A 3-year prospective, multinational study from the paediatric ibd porto group of espghan.
Aliment. Pharmacol. Ther. 2018, 48, 523-537. [CrossRef]

Kotlyar, D.S.; Osterman, M.T.; Diamond, R.H.; Porter, D.; Blonski, W.C.; Wasik, M.; Sampat, S.; Mendizabal, M.;
Lin, M.V,; Lichtenstein, G.R. A systematic review of factors that contribute to hepatosplenic t-cell lymphoma
in patients with inflammatory bowel disease. Clin. Gastroenterol. Hepatol. 2011, 9, 36—41. [CrossRef]

Olen, O.; Askling, J.; Sachs, M.C.; Frumento, P; Neovius, M.; Smedby, K.E.; Ekbom, A.; Malmborg, P.;
Ludvigsson, ].F. Increased mortality of patients with childhood-onset inflammatory bowel diseases, compared
with the general population. Gastroenterology 2019, 156, 614-622. [CrossRef]


http://dx.doi.org/10.1111/j.1365-2036.2010.04507.x
http://www.ncbi.nlm.nih.gov/pubmed/21083595
http://dx.doi.org/10.1053/j.gastro.2013.10.052
http://www.ncbi.nlm.nih.gov/pubmed/24512909
http://dx.doi.org/10.1097/MPG.0000000000001551
http://www.ncbi.nlm.nih.gov/pubmed/28945207
http://dx.doi.org/10.1097/MIB.0000000000000137
http://dx.doi.org/10.1093/ibd/izy010
http://dx.doi.org/10.1097/MPG.0000000000000684
http://dx.doi.org/10.1093/ecco-jcc/jjv126
http://dx.doi.org/10.1053/j.gastro.2017.02.004
http://dx.doi.org/10.1016/j.cgh.2014.07.027
http://dx.doi.org/10.1111/apt.15179
http://dx.doi.org/10.1093/ibd/izx104
http://dx.doi.org/10.1136/bmj.j3951
http://dx.doi.org/10.1111/apt.14893
http://dx.doi.org/10.1016/j.cgh.2010.09.016
http://dx.doi.org/10.1053/j.gastro.2018.10.028

Int. ]. Mol. Sci. 2019, 20, 2529 18 of 19

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Dulai, P.S.; Thompson, K.D.; Blunt, H.B.; Dubinsky, M.C; Siegel, C.A. Risks of serious infection or lymphoma
with anti-tumor necrosis factor therapy for pediatric inflammatory bowel disease: A systematic review.
Clin. Gastroenterol. Hepatol. 2014, 12, 1443-1451. [CrossRef]

Kirchgesner, J.; Lemaitre, M.; Carrat, F.; Zureik, M.; Carbonnel, F.; Dray-Spira, R. Risk of serious and
opportunistic infections associated with treatment of inflammatory bowel diseases. Gastroenterology 2018,
155, 337-346. [CrossRef] [PubMed]

Adedokun, O.]J.; Sandborn, W.J.; Feagan, B.G.; Rutgeerts, P.; Xu, Z.; Marano, C.W.; Johanns, J.; Zhou, H.;
Davis, H.M.; Cornillie, F.; et al. Association between serum concentration of infliximab and efficacy in adult
patients with ulcerative colitis. Gastroenterology 2014, 147, 1296-1307. [CrossRef] [PubMed]

Papamichael, K.; Cheifetz, A.S. Higher adalimumab drug levels are associated with mucosal healing in
patients with crohn’s disease. J. Crohns Colitis 2016, 10, 507-509. [CrossRef] [PubMed]

Ungar, B.; Levy, I; Yavne, Y.; Yavzori, M.; Picard, O.; Fudim, E.; Loebstein, R.; Chowers, Y.; Eliakim, R.;
Kopylov, U.; et al. Optimizing anti-tnf-alpha therapy: Serum levels of infliximab and adalimumab are
associated with mucosal healing in patients with inflammatory bowel diseases. Clin. Gastroenterol. Hepatol.
2016, 14, 550-557. [CrossRef]

Joosse, MLE.; Samsom, J.N.; van der Woude, C.J.; Escher, J.C.; van Gelder, T. The role of therapeutic drug
monitoring of anti-tumor necrosis factor alpha agents in children and adolescents with inflammatory bowel
disease. Inflamm. Bowel Dis. 2015, 21, 2214-2221. [CrossRef] [PubMed]

Carman, N.; Mack, D.R.; Benchimol, E.I. Therapeutic drug monitoring in pediatric inflammatory bowel
disease. Curr. Gastroenterol. Rep. 2018, 20, 18. [CrossRef]

Brandse, ].F.; van den Brink, G.R.; Wildenberg, M.E.; van der Kleij, D.; Rispens, T.; Jansen, ].M.; Mathot, R.A;
Ponsioen, C.Y.; Lowenberg, M.; D'Haens, G.R. Loss of infliximab into feces is associated with lack of response
to therapy in patients with severe ulcerative colitis. Gastroenterology 2015, 149, 350-355. [CrossRef]

Yarur, A.J.; Jain, A.; Sussman, D.A.; Barkin, J.S.; Quintero, M.A.; Princen, F; Kirkland, R.; Deshpande, A.R.;
Singh, S.; Abreu, M.T. The association of tissue anti-tnf drug levels with serological and endoscopic disease
activity in inflammatory bowel disease: The atlas study. Gut 2016, 65, 249-255. [CrossRef]

Ungar, B.; Mazor, Y.; Weisshof, R.; Yanai, H.; Ron, Y.; Goren, I.; Waizbard, A.; Yavzori, M.; Fudim, E.; Picard, O.;
et al. Induction infliximab levels among patients with acute severe ulcerative colitis compared with patients
with moderately severe ulcerative colitis. Aliment. Pharmacol. Ther. 2016, 43, 1293-1299. [CrossRef]

Vande Casteele, N.; Ferrante, M.; Van Assche, G.; Ballet, V.; Compernolle, G.; Van Steen, K.; Simoens, S.;
Rutgeerts, P; Gils, A.; Vermeire, S. Trough concentrations of infliximab guide dosing for patients with
inflammatory bowel disease. Gastroenterology 2015, 148, 1320-1329. [CrossRef]

D’Haens, G.; Vermeire, S.; Lambrecht, G.; Baert, F.; Bossuyt, P; Pariente, B.; Buisson, A.; Bouhnik, Y.; Filippi, J.;
Vander Woude, J.; et al. Increasing infliximab dose based on symptoms, biomarkers, and serum drug
concentrations does not increase clinical, endoscopic, and corticosteroid-free remission in patients with
active luminal crohn’s disease. Gastroenterology 2018, 154, 1343-1351. [CrossRef]

Papamichael, K.; Vajravelu, R.K.; Vaughn, B.P.; Osterman, M.T.; Cheifetz, A.S. Proactive infliximab monitoring
following reactive testing is associated with better clinical outcomes than reactive testing alone in patients
with inflammatory bowel disease. J. Crohns Colitis 2018, 12, 804-810. [CrossRef]

van Hoeve, K.; Dreesen, E.; Hoffman, I.; Van Assche, G.; Ferrante, M.; Gils, A.; Vermeire, S. Adequate
infliximab exposure during induction predicts remission in paediatric patients with inflammatory bowel
disease. J. Pediatr. Gastroenterol. Nutr. 2019. [CrossRef]

Louis, E.; Mary, J.Y.; Vernier-Massouille, G.; Grimaud, ].C.; Bouhnik, Y.; Laharie, D.; Dupas, J.L.; Pillant, H.;
Picon, L.; Veyrac, M.; et al. Maintenance of remission among patients with crohn’s disease on antimetabolite
therapy after infliximab therapy is stopped. Gastroenterology 2012, 142, 63-70. [CrossRef]

Gisbert, J.P,; Marin, A.C.; Chaparro, M. The risk of relapse after anti-tnf discontinuation in inflammatory
bowel disease: Systematic review and meta-analysis. Am. J. Gastroenterol. 2016, 111, 632-647. [CrossRef]
Torres, J.; Cravo, M.; Colombel, ]J.F. Anti-tnf withdrawal in inflammatory bowel disease. G.E. Port.
J. Gastroenterol. 2016, 23, 153-161. [CrossRef]

Ledder, O.; Assa, A.; Levine, A.; Escher, ].C.; de Ridder, L.; Ruemmele, F.; Shah, N.; Shaoul, R.; Wolters, V.M.;
Rodrigues, A.; et al. Vedolizumab in paediatric inflammatory bowel disease: A retrospective multi-centre
experience from the paediatric ibd porto group of espghan. J. Crohns Colitis 2017, 11, 1230-1237. [CrossRef]


http://dx.doi.org/10.1016/j.cgh.2014.01.021
http://dx.doi.org/10.1053/j.gastro.2018.04.012
http://www.ncbi.nlm.nih.gov/pubmed/29655835
http://dx.doi.org/10.1053/j.gastro.2014.08.035
http://www.ncbi.nlm.nih.gov/pubmed/25173754
http://dx.doi.org/10.1093/ecco-jcc/jjw041
http://www.ncbi.nlm.nih.gov/pubmed/26874348
http://dx.doi.org/10.1016/j.cgh.2015.10.025
http://dx.doi.org/10.1097/MIB.0000000000000420
http://www.ncbi.nlm.nih.gov/pubmed/26284297
http://dx.doi.org/10.1007/s11894-018-0623-z
http://dx.doi.org/10.1053/j.gastro.2015.04.016
http://dx.doi.org/10.1136/gutjnl-2014-308099
http://dx.doi.org/10.1111/apt.13631
http://dx.doi.org/10.1053/j.gastro.2015.02.031
http://dx.doi.org/10.1053/j.gastro.2018.01.004
http://dx.doi.org/10.1093/ecco-jcc/jjy039
http://dx.doi.org/10.1097/MPG.0000000000002265
http://dx.doi.org/10.1053/j.gastro.2011.09.034
http://dx.doi.org/10.1038/ajg.2016.54
http://dx.doi.org/10.1016/j.jpge.2015.11.004
http://dx.doi.org/10.1093/ecco-jcc/jjx082

Int. ]. Mol. Sci. 2019, 20, 2529 19 of 19

99.

100.

101.

102.

103.

104.

105.

106.

Sands, B.E.; Feagan, B.G.; Rutgeerts, P.; Colombel, J.F.; Sandborn, W.J.; Sy, R.; D'Haens, G.; Ben-Horin, S.;
Xu, J.; Rosario, M.; et al. Effects of vedolizumab induction therapy for patients with crohn’s disease in whom
tumor necrosis factor antagonist treatment failed. Gastroenterology 2014, 147, 618-627. [CrossRef]
Sandborn, W].; Feagan, B.G.; Rutgeerts, P.; Hanauer, S.; Colombel, ].F,; Sands, B.E.; Lukas, M.; Fedorak, R.N;
Lee, S.; Bressler, B.; et al. Vedolizumab as induction and maintenance therapy for crohn’s disease. N. Engl.
J. Med. 2013, 369, 711-721. [CrossRef]

Feagan, B.G.; Rutgeerts, P; Sands, B.E.; Hanauer, S.; Colombel, J.F.; Sandborn, W.J.; Van Assche, G.; Axler, J.;
Kim, H.J.; Danese, S.; et al. Vedolizumab as induction and maintenance therapy for ulcerative colitis. N. Engl.
J. Med. 2013, 369, 699-710. [CrossRef]

Singh, S.; Fumery, M.; Sandborn, W.J.; Murad, M.H. Systematic review with network meta-analysis: First-
and second-line pharmacotherapy for moderate-severe ulcerative colitis. Aliment. Pharmacol. Ther. 2018, 47,
162-175. [CrossRef]

Feagan, B.G.; Sandborn, W.J.; Gasink, C.; Jacobstein, D.; Lang, Y.; Friedman, J.R.; Blank, M.A.; Johanns, J.;
Gao, L.L.; Miao, Y.; et al. Ustekinumab as induction and maintenance therapy for crohn’s disease. N. Engl.
J. Med. 2016, 375, 1946-1960. [CrossRef]

Wils, P,; Bouhnik, Y.; Michetti, P.; Flourie, B.; Brixi, H.; Bourrier, A.; Allez, M.; Duclos, B.; Grimaud, J.C.;
Buisson, A.; et al. Subcutaneous ustekinumab provides clinical benefit for two-thirds of patients with
crohn’s disease refractory to anti-tumor necrosis factor agents. Clin. Gastroenterol. Hepatol. 2016, 14, 242-250.
[CrossRef]

Kopylov, U.; Afif, W.; Cohen, A.; Bitton, A.; Wild, G.; Bessissow, T.; Wyse, J.; Al-Taweel, T.; Szilagyi, A.;
Seidman, E. Subcutaneous ustekinumab for the treatment of anti-tnf resistant crohn’s disease-the mcgill
experience. J. Crohns Colitis 2014, 8, 1516-1522. [CrossRef]

Chavannes, M.; Martinez-Vinson, C.; Hart, L.; Kaniki, N.; Chao, C.Y.; Lawrence, S.; Jacobson, K.; Hugot, ].P;
Viala, J.; Deslandres, C.; et al. Management of paediatric patients with medically-refractory crohn’s disease
using ustekinumab: A multi-centred cohort study. J. Crohns Colitis 2018. [CrossRef]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1053/j.gastro.2014.05.008
http://dx.doi.org/10.1056/NEJMoa1215739
http://dx.doi.org/10.1056/NEJMoa1215734
http://dx.doi.org/10.1111/apt.14422
http://dx.doi.org/10.1056/NEJMoa1602773
http://dx.doi.org/10.1016/j.cgh.2015.09.018
http://dx.doi.org/10.1016/j.crohns.2014.06.005
http://dx.doi.org/10.1093/ecco-jcc/jjy206
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Aim 
	Materials and Methods 
	Results 
	When and How to Use Anti-TNF 
	Indications and Effectiveness in Crohn’s Disease 
	Indications and Effectiveness in Ulcerative Colitis 
	Indication and Effectiveness of Early Anti-TNF Use 
	The Indication and Effectiveness of Biosimilars 
	Prediction of Anti-TNF Responsiveness 


	Combination Therapy 
	Safety of Anti-TNF Agents 
	Therapeutic Drug Monitoring and When to Exit 
	Gaps in Knowledge and Future Perspectives 
	Conclusions 
	References

