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ABSTRACT 

Introduction. The incidence and prevalence of pediatric inflammatory bowel disease (IBD) 

are rising worldwide, with a steep increase in children under 5 years of age. Compared to adult 

IBD, pediatric IBD presents with a more severe, aggressive phenotype and unique 

complications, notably growth impairment. The advent of anti–tumor necrosis factor (TNF) α 

agents has radically modified the management and disease course of IBD, resulting in greater 

remission and mucosal healing rates, fewer surgeries and hospitalizations, improved quality of 

life, and, notably for children, correction of growth failure, all while limiting drug toxicities.  

Objective: The aim of the study was to describe real-world experience with biologics, 

focusing on their effectiveness and safety, in pediatric IBD patients.  

Material and methods: Statistical analyses of the multicenter registry data from the Sicilian 

Network for Inflammatory Bowel Disease (SN-IBD) were performed for patients receiving 

biologics, with at least a follow up period of 26 weeks. The study population consisted of 93 

children, divided into the study groups separately: 87 children (63CD, 24 UC) aged 7-17 years 

and 6 children (1 CD, 3 UC, 2 IC) who received biologics before the age of 7. Clinical benefit 

and safety were evaluated for each biologic agent used (Infliximab — IFX, Adalimumab — 

ADA, Golimumab — GOL). 

Results and conclusion: The research focused on 101 biologic treatments performed in the 

group 7—17 years children (63 Crohn’s disease [CD], 24 Ulcerative colitis [UC]), who 

received, 74 biologic treatments for CD, evaluated at 26, 52 and 104 weeks, that showed 

clinical benefit rates of 84.2%, 93.3%, and 66.7% with IFX (n = 38), and 88.9%, 84.4%, 

65.2% with ADA (n= 36). Biologic treatments (n = 27) evaluated in the UC group at 26, 52, 

104 weeks, led to clinical benefit rates of 85.7%, 83.3%, 50% in IFX subgroup (n = 21) and 

40%, 50%, 33% in the ADA subgroup (n = 5), respectively. One patient treated with GOL 

showed 100% clinical benefit at 26 and 52 weeks. Overall adverse events (AEs) rate in this 

group of children was 9.25%. Effects of other 8 biologic treatments were studied in six 

younger children, aged < 6 years, (4 ADA, 4 IFX), who presented a clinical remission rate of 

75% at 12 weeks and 25% at 52 weeks. AEs rate was 25% in this group.  

Conclusion: Our data show that biologic therapy in children, even at a younger age, is 

effective in allowing long-term remission with a good safety profile.  

 

 



5  

 
 

INTRODUCTION 
 

Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD), is 

a chronic, progressive, and incurable inflammatory disorder of the gastrointestinal tract, with 

approximately 25% of patients presenting before 18 years of age. Compared to adults, IBD in 

children present with extensive intestinal involvement and an aggressive disease course, in 

addition to different complications, such as growth impairment and delayed puberty. 

Pediatric inflammatory bowel disease (IBD) management and therapeutic approach can be 

challenging, especially in younger patients [1,2]. Biological therapies are considered in children 

with severe, chronic active or refractory diseases and extraintestinal manifestations, such as axial 

and peripheral arthropathies [3-12]. The established biological therapy in pediatric IBD has 

focused on the use of tumor necrosis factor (TNF) medications [4]. Anti-TNF- therapies are 

approved in induction and maintenance therapy for the treatment of moderate-to-severe pediatric 

IBD. The therapeutic approach in IBD has shifted over the last decade from reserving anti-TNFα 

therapy as a “last line” to initiating these agents as primary therapy. The decision to start IFX as a 

first line drug in both CD and UC is based on the patient’s disease phenotype, including extent 

and location of disease, disease behavior, especially stricturing and/or penetrating disease, 

presence of growth delay, severe osteoporosis, or significant perianal disease, severity of 

endoscopic findings, and post operatively to prevent disease recurrence. The goal of this approach 

is to achieve mucosal healing early and to maintain this state throughout the disease course. 

Biological drugs are monoclonal antibodies that target specific cytokines involved in the 

inflammatory cascade, such as tumor necrosis factor alpha (TNF), integrins or interleukin 12/23, 

and have been approved for both pediatric Crohn’s disease (CD) and ulcerative colitis (UC) [13—

17]. Infliximab (IFX) is a chimeric monoclonal IgG1 antibody to TNFα composed of a human 
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constant and murine variable region; besides neutralization of TNFα, infliximab also blocks 

leukocyte migration and induces apoptosis of T-lymphocytes and monocytes. A third mechanism 

of action involves complement fixation, complement dependent cytotoxicity, and antibody-

dependent cellular cytotoxicity. IFX was first established as a treatment for pediatric CD, based on 

results of the REACH study, a multicentre, randomized, open-label trial, which evaluated safety 

and efficacy of IFX in 112 children with moderately or severely active CD. At week 10, 88% 

showed a clinical response while 59% achieved clinical remission; 2.9% presented infusion 

related reactions [18,19]. Nobile et al. [20] showed that 22.2% of CD patients achieved mucosal 

healing with IFX and 44.4% showed endoscopic response, without significant adverse events 

(AEs). With regard to IFX use in UC, many studies have shown encouraging results [21—31]. 

Hyams et al. [32] documented that 44 (73%) out of 60 children enrolled, aged 6—17 years with 

active UC, resistant to standard maintenance therapy, achieved clinical response by week 8, after 

an induction regimen of infliximab 5 mg/kg at weeks 0, 2 and 6. 

Adalimumab (ADA), which is a fully humanized monoclonal antibody, has been approved in the 

USA and Europe for pediatric CD, after encouraging results reported in the IMAgINE 1 study in 

192 children [12]. IMAgINE 2 study enrolled patients who completed IMAgINE 1 and evaluated 

remission and response at week 240, which was 41% and 48% respectively [33]. The EPIMAD 

study, beyond the clinical benefit proven in 27 children receiving ADA for CD, reported a rate of 

40% of adverse effects, but none manifested as severe nor resulted in ADA discontinuation [34].  

For many providers and patients, the decision of when to choose adalimumab instead of 

infliximab as first-line therapy in moderate-to-severe CD can be difficult. Robust direct 

prospective comparisons of infliximab to adalimumab in children have not been performed; 

however, some observational cohort studies in adults suggest similar efficacy between the two in 

anti-TNFα naïve CD patients [35]. 

Nevertheless, approximately one-third of patients are anti-TNFα primary non responders, and an 
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additional 30% to 40% experience secondary loss of response [36]. Immunogenicity, or the 

development of anti-drug antibodies (ADAs), is a major contributor to loss of treatment response 

to anti-TNF-α agents. Multiple factors play a role in ADA development and are frequently divided 

into drug properties, drug pharmacokinetics, and individual patient characteristics.  

For this reason, Therapeutic Drug Monitoring (TDM), which refers to the measurement of drug 

concentration and antidrug antibody serum levels, is a key component of managing IBD patients 

on anti-TNFα therapy to optimize biologic exposure, thereby increasing efficacy and decreasing 

possible toxicity. While reactive TDM of anti- TNFα agents has been adopted by societal 

guidelines, there is an increasing body of literature to support the benefit of proactive TDM, 

particularly in pediatric populations. 

Clinical trial results from as early as 2014, demonstrate the cost-effectiveness of TDM for anti-

TNF-α agents  and recent reports in pediatrics provide evidence that close TDM can help not only 

detect, but also reverse immunogenicity, with appropriate TDM-based dose adjustments [37]. 

With loss of treatment response estimated as 13% per patient year of IFX therapy [36], children, 

who inherently have longer treatment duration than patients with adult-onset disease, are at 

greatest risk for losing biological treatment options, especially when those options are already 

limited to anti-TNF agents.  In the search to enlarge the therapeutic armamentarium, newer 

biologics, namely vedolizumab (Entyvio, Takeda), ustekinumab (Stelara, Janssen), golimumab 

(Simponi, Janssen) are off-label used as second-line biologic agents with evidence limited to case 

reports or small trials in pediatric populations [5,38,39,40]. 

The aim of this study is to investigate the use of biological agents in a large cohort of children and 

adolescents with IBD whose data were extracted from Sicilian Network for Inflammatory Bowel 

Disease (SN-IBD) database, and to describe: (1) effectiveness measured by clinical remission 

(CR) and clinical benefit (CB); (2) safety, such as AEs. 
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PATIENTS AND METHODS 
 

The study evaluated the data collected in the SN-IBD which recorded patients, up to 17 years, 

with a diagnosis of IBD and start of biologics in the period January 2013—December 2017. The 

SN-IBD covers a large area in Southern Italy with almost 5 million inhabitants, representing 10% 

of the entire Italian population. The registry was created to prospectively follow-up all IBD 

children undergoing biologic treatment in 3 Sicilian Pediatric Gastroenterology Units (‘‘G. 

Martino Hospital’’, Messina; DIPROSAMI, Palermo; ‘‘Villa Sofia-Cervello’’ Hospital, Palermo). 

Signed informed consent was obtained from the parents and informed assent from the children and 

adolescents, and the Institutional Review Board of each hospital approved data collection. Data 

were recorded online by a paediatric gastroenterologist in each centre, at 1stinfusion and then 

every 8—12 weeks, according to scheduled visits. Extra vis-its and phone calls were planned to 

assess symptoms and response to biologic therapy. IBD diagnosis was made according to standard 

clinical, endoscopic, histological, and radiological criteria. Both to preserve confidentiality and 

avoid duplication, each patient was identified in the registry with their initials, and date of birth. 

Demographic, clinical and pharmacologic data were collected and reviewed. The data extracted 

from the Registry were analysed based on the following questions: (1) age(a. 7—17 years; b. ≤ 6 

years); (2) IBD phenotypes (a. CD; b.UC; c. indeterminate colitis — IC) (3) biologic therapies 

(a.Infliximab, b. Adalimumab, c. Golimumab). 
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DATA COLLECTION, OUTCOMES AND STATISTICS 
 

 

Effectiveness was evaluated at 26, 52 and 104 weeks. ‘‘Clinical remission’’ was defined as 

Pediatric Crohn Dis-ease Activity (PCDAI) < 10 in CD and as Pediatric Colitis Ulcerative 

Activity Index (PUCAI) < 10 in UC without steroid use, while ‘‘clinical response’’ was defined as 

reduction of PCDAI/PUCAI ≥ 10 in patients with CD/UC, compared with baseline.  

Both outcomes were set as clinical endpoints and were defined as the ‘‘clinical benefit’’. 

Continuous variables were reported as medians with interquartile ranges (IQR) and categorical 

variables as frequency and percentage. Effectiveness rates were compared between IFX and ADA 

using odds-ratio as summary and χ2 tests (or Fisher’s exact test, where needed) to evaluate 

statistical significance. Variables collected at baseline were assessed using logistic regression 

model analysis to identify predictive factors of clinical benefit at 26, 52 and 104 weeks within the 

subgroups identified by the type of disease (CD or UC).Results were considered statistically 

significant when P ≤ 0.05 or when the 95% confidence intervals did not over-lap 1.As regards 

safety issues, incidence rates for AEs were calculated as the number of AEs which occurred 

between baseline and follow-up divided by the number of person-years of follow-up. The 95% 

confidence intervals (CI) for the person-year incidence rate were calculated under the assumption 

that the numerator is a Poisson distributed variable. Incidence rates (IR) were compared 

estimating Incidence Rate Ratios (IRR) by unconditional maximum likelihood estimation and CIs 

were calculated using exact methods. Results were considered statistically significant  when P ≤ 

0.05. All statistical analyses were performed using R version 3.4.2 (R Foundation for Statistical 

Computing, Vienna, Austria) [41,42]. 
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Results Study characteristics  

Medical data of 93 Sicilian children diagnosed with IBD between January 2013 and December 

2017 were extracted from the registry and analysed following the main variables, as reported in 

Table 1.  

 

 

 

In the 7—17-year group, 87 patients, with F/M prevalence of 40.2%/59.8% (35/52), received 

biologics for IBD. Median ages at diagnosis and start of biologics were 12 years and 15.1 years, 

respectively. The prevalence of CD and UC was 63/24 (72.4%/27.6%) respectively, with2.65 

years median disease duration. Indications for biologic therapies were: 28 (32.2%) steroid 
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dependency; 31 (35.6%) chronically active disease; 19(21.8%) steroid resistance; 5 (5.7%) 

extraintestinal dis-ease; 3 (3.4%) rescue therapy; 1 (1.1%) adverse reactions to 

immunosuppressant therapy. Furthermore, 18 patients (20.68%) were exposed to more than one 

biologic [69 (79.3%) underwent 1 treatment, 15 (15.74%) had 2 treatments; 3(3.44%) had 3 

treatments], accounting for 108 treatments in total [79 (90.8%) for CD and 29 (33.3%) for UC]. 

Out of 108 treatments, combination therapy (biologics combined with immunomodulators) was 

used in 9 (8.3%) and87 were biologic-naïve (80.6%). For the purpose of effectiveness analysis, we 

considered 101 treatments out of 108, since a 26-week follow-up period was required (74 in CD, 

27in UC). Among 93 patients receiving biologics, 6 (6.45%) were aged ≤ 6 years [median age 

3.76, with F/M prevalence of 4/2(66.7/33.3%)]. In this group, the median age at diagnosis 

was2.75 years and median duration of disease was 0.19 years. IBD phenotypes consisted mainly 

of UC (3 with pancolitis) and IC (2), and only one patient presented with inflammatory ileocolic 

CD. In this group, 8 biologic treatments were carried out, and 2 patients were treated sequentially 

with both IFX and ADA. ADA was used in 4 patients for 2 with UC, 1 with CD, and 1 with IC, 

while IFX therapy was used in 3 patients with UC and 1 with IC. The indications to start biologics 

were in 1 (16.7%) steroid dependency, in 1(16.7%) chronically active disease, and in 4 patients 

(66.6%) rescue therapy. No extra-gastrointestinal manifestations were recorded. 

 

Effectiveness of biologics 

 

Age group 7—17 years 

Based on the minimum required follow-up of 26 weeks, we considered 101 out of 108 treatments 

carried out in this group, and data were organized into subgroups based on IBD phenotype and 

biologic therapy (Tables 2 and 3, Fig. 1).  
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In the CD-IFX group, 38 treatments were considered: at 26 weeks, disease clinical remission was 

observed in 23 (60.5%) treatments, clinical benefit in 32 (84.2%). At 52 weeks, among 30 

treatments completed, remission and clinical benefit were achieved in 22 (73.33%) and 

28(93.33%), respectively. At 104 weeks, out of 24 treatments,13 (54.17%) and 16 (66.67%) 

showed remission and clinical benefit, respectively. In the clinical benefit group, steroid-free 

patients were 60.5%, 73.3% and 54.2% at 26, 52 and106 weeks, respectively. In the CD-ADA 

group, over 36 treatments, disease remission rate was 69.4% (n = 25), and clinical benefit rate was 

88.90% (n = 32) at 26 weeks. At 52 weeks, out of 32 treatments, remission and clinical benefit 

were reached in 23 (71.88%) and 27 (84.38%) treatments respectively. At 104 weeks, 23 

treatments allowed remission in   13 (56.52%) and clinical benefit in 15 (65.22%). In the clinical 

benefit group, steroid-free patients were 69.4%, 71.9%and 56.5% at 26, 52 and 106 weeks, 

respectively. Regarding UC patients, 27 treatments were considered. For the UC-IFX group, 21 

treatments were completed at 26 weeks, with remission rate of 47.6% (n = 10) and 85.7% (n = 18) 
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for clinical benefit. At 52 weeks, 12 IFX treatments were effective in achieving remission in 8 

(66.7%), and clinical benefit in 10 (83.3%). At 104 weeks, 4 (50%) showed both disease 

remission and clinical benefit. In the clinical benefit group, steroid-free patients were 47.6%, 

66.7% and 50% at 26, 52and 106 weeks, respectively. For the UC—ADA group, 5 treatments 

were completed. At 26 weeks, remission and clinical benefit was assessed in 2 (40%). At 52 

weeks, among 4 treatments considered, 2 (50%) obtained remission and clinical benefit. At 104 

weeks of follow-up, out of 3 treatments, 1(33.3%) achieved remission and clinical benefit. In the 

clinical benefit group, steroid-free patients were 40%, 50% and33.3% at 26, 52 and 106 weeks, 

respectively. The UC-GOL group included only 1 treatment that showed both remission and 

clinical benefit (100%) assessed at 26weeks and maintained at 52 weeks. In the clinical benefit 

group, steroid-free patients were 100% at 26 and 52 weeks. Regression model analysis showed no 

significant difference in clinical benefit rate between IFX and ADA evaluated in CD patients at 26 

weeks. Older age at diagnosis seems to be related to a reduced rate of clinical benefit (OR 0.63; 

95%CI [0.37,0.91]; P-value 0.63) of biologics in CD patients, irrespective of type of biologic 

used, probably due to previous long and recurrent steroid therapies (Fig. 1).With regard to UC, 

IFX was slightly superior to ADA(P-value 0.062) in achieving clinical benefit at 26 weeks(Table 

3). Statistical analysis in the UC group highlighted that clinical benefit rate at 26 weeks was 

superior if patients were naïve to biologics (OR 9.5, CI [1.15, 102.29]; P-value0.041). 

 

Age group (< 6 years) 
Eight biologic treatments were carried out among 6 children aged ≤ 6 years (CD/UC/IC = 

n.1/n.3/n.2). Four patients received ADA (2 UC, 1 CD, 1 IC); 2 (50%) experienced prompt 

clinical remission at weeks 12 and 52, and mucosal healing was documented in one patient at 52 

weeks. Two patients (50%) discontinued therapy for no-response after the 2nd infusion.  

IFX therapy was administered to 4 patients (3 UC, 1IC). Clinical remission was documented at 12 
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weeks follow-up in 3 (75%) and only one treatment determined long-term remission at 52 weeks. 

IFX was ineffective in one child (25%) and was discontinued. Overall, primary failure rate in this 

group was 37.5%. 

 

Safety 

Age group 7—17 years 
Among 108 treatments carried out in children aged 7—17years, AEs occurrence was 9.25% (n = 

10) (Table 4), after a mean period of 12.3 months (median 2.2 months) from the start of biologics. 

AEs reported were associated to IFX treatment (10 out of 63 treatments; 15.87%) and led to drug 

discontinuation in 8 children (12.7%).  

 

 

 

One patient, non-immunized for varicella, developed infection with discontinuation of biologics. 

Subgroup analysis in children aged 7—17 years who experienced AEs while receiving IFX, 

showed a significant correlation with gender(F/M = 7/3; IR 151.3/39.4; IRR 3.84 [95% C.I. 

1.01—18.29],P-value = 0.048); age at therapy start (< 14 years/ > 14years = IR 267.8/31.2 with 

IRR: 8.60 [95% C.I. 2.26—40.92],P-value = 0.001; < 12 years/ > 12 years = IR 302.1/54.9; 
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IRR5.50 [95% C.I. 1.36—20.08], P-value = 0.019) and with disease duration (< 1 years/ > 1 year 

= IR 259.6/59.2; IRR 4.38 [95%C.I. 1.09—16.01], P-value = 0.038). No statistically significant 

difference was observed for type of disease (P = 0.19), age at diagnosis (P = 0.17), extraintestinal 

manifestations (P = 0.76), or naïve to biologics (P = 0.71). Neither deaths, malignancies nor AEs 

related to other biologics occurred. 

 

Age group (< 6 years) 
Six patients aged ≤ 6 years received 8 biologic treatments (4ADA, 4 IFX). AEs rate was 25%. No 

AEs were reported in the ADA group. In the IFX group, 2 AEs occurred: laryngospasm during the 

2ndinfusion and psoriasis at 26 weeks follow-up, with discontinuation of therapy. 

 

DISCUSSION  
 

Disease management of pediatric IBD is multidisciplinary and is focused on the safe induction of 

remission and prevention of relapse. Biological therapies have been used extensively in pediatric 

IBD, since anti-TNF _ agents demonstrated to positively modify the natural history of IBD and 

achieve mucosal healing. Literature data have shown that biologics are better than 

immunomodulators at maintaining remission and achieving mucosal healing, with an acceptable 

safety profile [42—47]. This real-life, pediatric multicentre study — extracted from the cohort of 

the SN-IBD — reflects current clinical practice in the use of biologics and aimed to compare the 

clinical effectiveness and safety of biologics in children. Based on our results, IFX and ADA 

would appear to be effective in inducing and maintaining steroid-free clinical remission in 

children aged 7—17 years with CD and UC. No differences in terms of efficacy were found 

between ADA and IFX, either in remission or in clinical benefit inpatients with CD for every time 

considered. Interestingly, during the entire follow-up period, we found remission rates of 54.2—

73.3% and clinical benefit rates of 66.7—93.3% inpatients using IFX, and 51.6—71.9% remission 
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rates and clinical benefit rates of 65.2—88.9% in patients treated with ADA. Moreover, we found 

that older age at diagnosis was associated with reduced clinical benefit rate in this cohort of CD 

patients. We can speculate that age at diagnosis is a prognostic factor of clinical benefit in CD 

patients, but more data are needed to verify this correlation in a largescale population.  

In our cohort, at least 50% of children reached the longest follow-up of 104 weeks. Consistently 

with other data [45], there is a slight reduction over time in terms of effectiveness, probably due to 

loss of response due to antibody production. In the end, biologics allowed to maintain a sustained, 

long-term remission in a significant proportion of CD patients.  

With regard to UC, we found that IFX seems to be slightly more effective, compared to ADA, in 

providing clinical benefit at 26 weeks, and clinical benefit rate was higher if patients were naïve to 

biologics. However, these results should be interpreted with caution considering the small sample 

size of our study.  

Regarding safety aspects, our data confirm the favourable safety profile of biologics reported in a 

pediatric population. The number of AEs captured globally in our cohort of children aged 7—17 

years was tolerable (9.25%) and were exclusively related to IFX (15.87% in this group). Drug 

withdrawal was required only for 8 treatments (12.7%) and in one patient for varicella infection. 

No malignancies or deaths were reported; nevertheless, a longer period follow-up would be 

required; recently Dupont-Lucas et al. [ 48] reported in a large French population-based 

(EPIMAD) paediatric-onset inflammatory bowel disease retrospective cohort (INSPIRED) of  

1,344 pediatric patients (52% males, 75% CD) an increased risk of both cancer (2.7-fold) and 

mortality (1.7-fold), particularly for colorectal cancer, during a follow -up period of 13 years.  

Results in younger children are limited to 8 biologic treatments, which allowed clinical benefit in 

at least 50% of cases, but showed also a higher rate of failure and AEs compared to biologic use in 

older ages. This could be explained by different inflammatory pathways and peculiar genetic 

aspects in very early onset IBD. As described in literature, reduced efficacy of available therapy is 
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a common issue in the management of early onset IBD [10, 49].  

One strength of our study is that we were able to investigate the long-term efficacy of biologics 

(up to 26 months), compared to current available studies in literature, which rarely report data 

beyond 1 year in pediatric populations.  

Although RCT is the most robust study design to explore the effectiveness of interventions, since 

the randomisation controls for hidden confounding variables, our results belonging to a ‘‘real-life 

experience’’ in the daily clinical management of pediatric IBD provide a concrete support for a  

safe and effective use of biologics in children. Eligibility criteria for clinical trials typically aim to 

maximise internal validity of the study by enrolling a homogenous cohort while excluding more 

severe and complicated patients who are potentially less likely to respond to the study drug. These 

restrictive criteria may lead to a non-representative sample of patients, with limited external 

validity. Data from a clinical network of patients with chronic disease in a real-world setting can 

be considered more accurate than those collected in clinical trials.  

 

 

CONCLUSION   
 

Biologics would appear to be effective in inducing remission and achieving sustained clinical 

benefit in this pediatric IBD cohort. In CD, there are no differences in efficacy between ADA and 

IFX, while in UC, IFX seems more effective than ADA. Even in younger children, biologic 

therapies can be considered effective and safe. Duration of disease and later start of therapy seem 

to be accompanied by reduced short-and long-term effectiveness. 

 

 

 



19  

REFERENCES  
[1] Ashton JJ, Ennis S, Beattie RM. Early-onset paediatric inflammatory bowel disease. Lancet 

Child Adolesc Health2017;1:147—58. 

[2] Muise AM, Snapper SB, Kugathasan S. The age of gene discovery in very early onset 

inflammatory bowel disease. Gastroenterology 2012;143:285—8. 

[3] Kammermeier J, Morris MA, Garrick V, Furman M, Rodrigues A, Russell RK, et al. 

Management of Crohn’s disease. Arch Dis Child 2016;101:475—80. 

[4] Ruemmele FM, Veres G, Kolho KL, Griffiths A, Levine A, EscherJC, et al. European Crohn’s 

and Colitis Organisation; European Society of Pediatric Gastroenterology, Hepatology and 

Nutrition. Consensus guidelines of ECCO/ESPGHAN on the medical management of pediatric 

Crohn’s disease. J Crohns Colitis2014;8:1179—207. 

[5] Guariso G, Gasparetto M. Treating children with inflammatory bowel disease: current and new 

perspectives. World J Gastroenterol 2017;23:5469—85. 

[6] Dulai PS, Siegel CA, Dubinsky MC. Balancing and communicating the risks and benefits of 

biologics in pediatric inflammatory bowel disease. Inflamm Bowel Dis 2013;19:2927—36. 

[7] Hyams J, Damaraju L, Baldassano R, Griffiths A. Induction andmaintenance therapy with 

Infliximab for children with mod-erate to severe ulcerative colitis. Clin Gastroenterol 

Hepatol2012;10:391—9. 

[8] Benchimol EI, Mack DR, Nguyen GC, Snapper SB, Li W, Mojaverian N, et al. Incidence, 

outcomes, and health services burden of very early onset inflammatory bowel disease. 

Gastroenterology 2014;147:803—13. 

[9] Corica D, Romano C. Biological therapy in pediatric inflammatory bowel disease: a 

systematic review. J Clin Gastroenterol2017;51:100—10. 

[10] Snapper SB. Very-early-onset inflammatory bowel disease. Gastroenterol Hepatol (NY) 

2015;11:554—6. 



20  

[11] Yanga LS, Alex G, Catto-Smith AG. The use of biologic agents in pediatric inflammatory 

bowel disease. Curr Opin Pediatr2012;24:609—14. 

[12] Sharma S, Eckert D, Hyams JS, Mensing S, Thakkar RB, Robinson AM, et al. 

Pharmacokinetics and exposure-efficacy relationship of adalimumab in pediatric patients with 

moderate to severe Crohn’s disease: results from a randomized, multicenter, phase-3 study. 

Inflamm Bowel Dis 2015;21:783—92. 

[13] Wong M, Ziring D, Korin Y, Desai S, Kim S, Lin J, et al. TNF alpha blockade in human 

diseases: mechanisms and future directions. Clin Immunol 2008;126:121—36. 

[14] Knight DM, Trinh H, Le J, Siegel TS, Shealy D, McdonoughM, et al. Construction and initial 

characterization of a mouse-human chimeric anti-TNF antibody. Mol Immunol1993;30:1443—53. 

[15] Côté-Daigneault J, Bouin M, Poitras P. Biologics in inflammatory bowel disease: what are 

the data? United European Gastroenterol J 2015;3:419—28.[16] Park SC, Tae Jeen Y. Current and 

emerging biologics for ulcerative colitis. Gut Liver 2015;9:18—27. 

[17] Flamant M, Paul S, Roblin X. Golimumab for the treatment of ulcerative colitis. Expert Opin 

Biol Ther 2017;17:879—86. 

[18] Hyams J, Crandall W, Kugathasan S, Griffiths A, Olson A, Johanns J, et al. REACH Study 

Group. Induction and maintenance infliximab therapy for the treatment of moderate-to-severe 

Crohn’s disease in children. Gastroenterology 2007;132:863—73. 

[19] Hyams J, Walters TD, Crandall W, Kugathasan S, Griffiths A, Blank M, et al. Safety and 

efficacy of maintenance infliximab therapy for moderate-to-severe Crohn’s disease in children: 

REACH open-label extension. Curr Med Res Opin2011;27:651—62. 

[20] Kierkus J, Dadalski D, Szymanska E, Oracz G, Wegner A, Gorczewska M, et al. The impact 

of infliximab induction therapy on mucosal healing and clinical remission in Polish pediatric 

patients with moderate-to-severe Crohn’s  disease. Eur J Gastroenterol Hepatol 2012;24:495—

500. 



21  

[21] Hyams JS, Dubinsky MC, Baldassano RN, Colletti RB, CucchiaraS, Escher J, et al. 

Infliximab is not associated with increased risk of malignancy or hemophagocytic 

lymphohistiocytosis in pediatric patients with inflammatory bowel disease. Gastroe-terology 

2017;152:1901—14. 

[22] Mamula P, Markowitz JE, Brown KA, Hurd LB, Piccoli DA, Baldas-sano RN. Infliximab as 

a novel therapy for pediatric ulcerative colitis. J Pediatr Gastroenterol Nutr 2002;34:307—11. 

[23] Mamula P, Markowitz JE, Cohen LJ, von Allmen D, BaldassanoRN. Infliximab in pediatric 

ulcerative colitis: two-year follow-up. J Pediatr Gastroenterol Nutr 2004;38:298—301. 

[24] Russell GH, Katz AJ. Infliximab is effective in acute but not chronic childhood ulcerative 

colitis. J Pediatr Gastroenterol Nutr 2004;39:166—70. 

[25] Eidelwein AP, Cuffari C, Abadom V, Oliva-Hemker M. Infliximab efficacy in pediatric 

ulcerative colitis. Inflamm. Bowel Dis 2005;11:213—8. 

[26] Fanjiang G, Russell GH, Katz AJ. Short- and long-term response to and weaning from 

infliximab therapy in pediatric ulcerative colitis. J Pediatr Gastroenterol Nutr 2007;44:312—7. 

[27] Cucchiara S, Romeo E, Viola F, Cottone M, Fontana M, LombardiG, et al. Infliximab for 

pediatric ulcerative colitis: a retrospective Italian multicenter study. Dig Liver Dis 

2008;40(Suppl2):260—4. 

[28] McGinnis JK, Murray KF. Infliximab for ulcerative colitis in children and adolescents. J Clin 

Gastroenterol 2008;42:875—9. 

[29] Hyams JS, Lerer T, Griffiths A, Pfefferkorn M, Stephens M, EvansJ, et al. Outcome 

following infliximab therapy in children with ulcerative colitis. Am J Gastroenterol 

2010;105:1430—6. 

[30] Tiemi J, Komati S, Sdepanian VL. Effectiveness of infliximab in Brazilian children and 

adolescents with Crohn disease and ulcerative colitis according to clinical manifestations, activity 

indices of inflammatory bowel disease, and corticosteroid use. J Pediatr Gastroenterol Nutr 



22  

2010;50:628—33. 

[31] Turner D, Griffiths AM. Acute severe ulcerative colitis in children: a systematic review. 

Inflamm Bowel Dis 2011;17:440—9. 

[32] Hyams J, Damaraju L, Blank M, Johanns J, Guzzo C, Winter HS,et al. T72 Study Group. 

Induction and maintenance therapy with infliximab for children with moderate to severe ulcerative 

colitis. Clin Gastroenterol Hepatol 2012;10:391—9. 

[33] Faubion WA, Dubinsky M, Ruemmele FM, Escher J, Rosh J,Hyams JS, et al. Long-term 

efficacy and safety of adalimumab in pediatric patients with Crohn’s disease. Inflamm Bowel 

Dis2017;23:453—60. 

[34] Fumery M, Jacob A, Sarter H, Michaud L, Spyckerelle C,Mouterde O, et al. Efficacy and 

safety of adalimumab after infliximab failure in pediatric Crohn disease. J Pediatr Gastroenterol 

Nutr 2015;60:744—8. 

[35] Kestens C, van Oijen MG, Mulder CL, van Bodegraven AA, Dijkstra G, de Jong D 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(7):82631. doi:10.1016/j.cgh.2013.01.012. [PubMed: 23376000]. 

[36] Gress K, Bass JA, Funk RS, Morrow RP, Hasenkamp R and Shakhnovich V (2020) Facing 

Real-World Challenges of Immunogenicity in Pediatric Inflammatory Bowel Disease. Front. 

Immunol. 11:1148. doi: 10.3389/fimmu.2020.01148) 

[37] Kapoor A and Crowley E (2021) Advances in Therapeutic Drug Monitoring in Biologic 

Therapies for Pediatric Inflammatory Bowel Disease. Front. Pediatr. 9:661536. 

doi: 10.3389/fped.2021.661536 

[38] Hyams J, Chan D, Adedokun JO, Padgett L, Turner D, Griffiths A, et al. Subcutaneous 

golimumab in pediatric ulcerative colitis: pharmacokinetics and clinical benefit. Inflamm Bowel 

Dis2017;23:2227—37. 



23  

[39] Hyams JS, Turner D, Cohen SA, Szakos E, Kowalska-Duplaga K, Ruemmele F, et al. 

Pharmacokinetics, safety, and efficacy of intravenous vedolizumab in Paediatric patients with 

ulcerative colitis or Crohn's disease: results from the phase 2 HUBBLE study. J Crohns Colitis. 

2022. 

[40] Shengbo Fang, Yanqing Song, Chunyan Zhang and Libo Wang, Efficacy and safety 

of vedolizumab for pediatrics with inflammatory bowel disease: a systematic review. BMC 

Pediatrics (2022) 

[41] Development Core Team R. R: A Language and Environment for Statistical Computing. 

Vienna, Austria: The R Foundation for Statistical Computing; 2011 [ISBN: 3-900051-07-0] 

http://www.R-project.org/. 

[42] Kahn HA, Stempos CT. Statistical methods in epidemiology. New York: Oxford University 

Press; 1989. p. 119—219. 

[43] Rosen MJ, Dhawan A, Saeed SA. Inflammatory bowel disease in children and adolescents. 

JAMA Pediatr 2015;169:1053—60. 

[44] Nuti F, Viola F, Civitelli F, Alessandri C, Aloi M, Dilillo A, et al.Biological therapy in a 

pediatric Crohn disease population at referral center. J Pediatr Gastroenterol Nutr 2014;58:582—

7. 

[45] Kelsen JR, Grossman AB, Pauly-Hubbard H, Gupta K, Baldassano RN, Mamula P. 

Infliximab therapy in pediatric patients 7 years of age and younger. J Pediatr Gastroenterol Nutr 

2014;59:758—62. 

[46] Aloi M, Bramuzzo M, Arrigo S, Romano C, D’Arcangelo G,Lacorte D, et al. Efficacy and 

safety of adalimumab in pediatric ulcerative colitis: a real-life experience from the SIGENP-IBD 

Registry. J Pediatr Gastroenterol Nutr 2018;66:920—5. 

[47] Wiernicka A, Szymanska S, Cielecka-Kuszyk J, Dadalski M,Kierkus J. Histological healing 

after infliximab induction therapy in children with ulcerative colitis. World J 



24  

Gastroenterol2015;21 [10654—61]. 

[48] Dupont-Lucas, Claire ; Leroyer, Ariane ; Ley, Delphine ; Spyckerelle, Claire ; Bertrand, 

Valérie ; Turck, Dominique ; Savoye, Guillaume ; Maunoury, Vincent ; Guillon, Nathalie ; 

Fumery, Mathurin ; Sarter, Hélène ; Gower-Rousseau, Corinne. Increased risk of cancer and 

mortality in a large French population-based paediatric-onset inflammatory bowel disease 

retrospective cohort. Journal of Crohn's and colitis, 2022, p.jjac166 

[49] Shim JO, Seo JK. Very early-onset inflammatory bowel disease(IBD) in infancy is a different 

disease entity from adult onset IBD; one form of interleukin-10 receptor mutations. J Hum 

Gen2014;59:337—41. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25  

 

ACKNOWLEDGMENTS 
 

Desidero ringraziare il mio tutor Prof. Alessio Nencioni, per essere stato in questi anni il mio 

punto di riferimento ed avermi donato i suoi preziosissimi consigli.  

Ringrazio il prof. Edoardo Giannini, Coordinatore del Corso di Dottorato, per avermi fatto 

scoprire il fascino del sapere scientifico e della ricerca . 

Un affettuoso ringraziamento al Prof. Claudio Romano, che mi trasmette costantemente la voglia 

di studiare, imparare e migliorare.  

Ringrazio il prof. Salvatore Accomando per aver sostenuto con simpatia e partecipazione il 

mio operato scientifico.  

Grazie a Francesco, che mi sostiene con positività ed entusiasmo nelle scelte di vita. 

Grazie ai miei genitori che mi spronano a far emergere il meglio di me, e infine un grazie 

speciale a Martina, fonte inesauribile di energia e amore.  


