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Background and Objective: The landscape of paediatric inflammatory bowel disease (pIBD) continues 
to evolve in an era of increasing incidence. There have been rapid developments in understanding, as we 
begin to perceive IBD as a spectrum of conditions, alongside advancements in monitoring and treatment. 
The objective of this article was to provide an overview of recent advances and challenges in the management 
of pIBD, with a focus on sustainable healthcare, personalised therapy, genomics, new drugs and avenues for 
future optimisation.
Methods: We present a narrative review that synthesises and summarises recent research (2017–2022) 
related to pIBD. We undertook a structured search of the literature (PubMed and Medline) and additional 
articles were identified through manual searches of reference lists. Evidence tables were compiled for disease 
outcomes.
Key Content and Findings: In this review we outline current practice, integrating clinical guidelines and 
contemporary research. We discuss initial investigations (including suggested threshold for paediatric faecal 
calprotectin), specialist investigations for disease monitoring [with reference to video capsule endoscopy 
(VCE) and therapeutic drug levels] and outline new and established treatment options. Biomarkers and 
genomic testing are examined as important tools for individualising care and identifying potential therapeutic 
targets, including for top-down therapy. Despite these advances, significant challenges remain, including the 
need for further research to understand the mechanisms of disease and the translation of these advances into 
real-world improvements in practice. 
Conclusions: Recent advances in understanding of the pathogenesis of pIBD, alongside genomic and 
pharmacological developments have added more tools to the armamentarium for the treatment of these 
conditions and highlighted ongoing areas of research need. 
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Introduction

The global incidence of paediatric inflammatory bowel 
disease (pIBD) has been steadily increasing over the past two 
decades, coinciding with advancements in the management 
of these diseases in children (1). Our understanding of 
IBD has evolved beyond Crohn’s disease, ulcerative colitis, 
and IBD unclassified, as we integrate macroscopic and 
microscopic findings from ileocolonoscopy with genetic 
and phenotypic disease behaviours (2). This integration 
has led to a significant breakthrough in our comprehension 
of monogenic causes of intestinal inflammation (3). 
Furthermore, the landscape of IBD has been transformed 
by the growing utilization of monoclonal and biologic 
therapy, proactive disease monitoring, and an increased 
number of diagnoses.

Parallel to this, developments in adult IBD, which 
encompass new therapeutic targets such as JAK-STAT 
inhibitors, IL-23 antagonists, and anti-integrins represent a 
widening array of treatment options for disease management 
(4,5). Although therapeutic options have expanded, and 
our understanding of the condition’s pathophysiology 
has improved, the translation of these advancements 
into improved short, medium, and long-term outcomes 
has progressed at a slower pace. Deep remission rates, 
despite extensive discussions, remain persistently low (6).  
The development of prediction algorithms to inform 
treatment decisions and improve outcomes, as well as the 
prevention of complications, has proven challenging and 
is not yet a routine practice. Additionally, the promise of 
genomic discoveries has yet to be fully realized in clinical 
settings.

However, there is emerging data indicating improved 
outcomes, including reduced surgical resection rates in 
childhood, increased use of steroid-sparing therapies, and 
better preservation of growth. With the increasing number 
of patients, the delivery of high-quality care in a safe and 
effective manner, while incorporating the latest evidence, 
continues to test clinical teams (2).

This narrative review aims to focus on the assessment and 
management of inflammatory bowel disease in childhood. 
It will discuss current outcomes and explore the potential 
translation of recent research findings into clinical practice. 
We have selectively included works published within the 
last 5 years (2017–2022) to emphasize recent evidence, and 
have focused on presenting these works from a UK and 
European perspective. Additionally, we will highlight the 
role of sustainable healthcare, personalized therapy, and 
improved access to treatments as important avenues for 

future optimization. We present this article in accordance 
with the Narrative Review reporting checklist (available at 
https://tp.amegroups.com/article/view/10.21037/tp-23-
210/rc).

Methods 

A literature search was undertaken using electronic 
databases, utilising the strategy outlined in Table 1 to 
identify recent works relevant to recent developments in the 
assessment and management of pIBD—particularly within 
the UK and Europe. 

Epidemiology, pathogenesis and increasing 
health burden

Incident rates of inflammatory bowel disease have been 
increasing globally within the paediatric population over 
the last two decades (1). The greatest increases in incidence 
have been observed in Western populations, including 
the UK, Europe and North America (7). Multiple causes 
have been suggested for increases in pIBD, including 
westernisation of diet, aseptic childhood, upbringing and 
genetic predisposition, although it is unlikely that such 
significant of a drift could have occurred over such a recent 
time period (8).

Support for dietary theories 

Support for dietary theories has been achieved through 
epidemiological research, whereby rates of IBD amongst 
immigrant populations from lower-income countries 
to Western countries see a rise in incidence in IBD, 
hypothesised to be related to the adoption of a Western diet. 
The western diet often has high levels of animal protein and 
fat, with low intake of vegetables, fruit and fibre. Several 
mechanisms have been discussed for how this may translate 
into increased intestinal inflammation. One proposed model 
proposes that exposure to too great an amount of omega-6 
polyunsaturated fatty acids (PUFAs), which are precursors 
to proinflammatory compounds and too few omega-3 
PUFAs which inhibit the inflammatory process, may have 
a role in disease causation (9). Other proposed mechanisms 
implicate the high levels of additives and emulsifiers in the 
western diet and their effects on intestinal permeability (10). 
IBD pathogenesis is also consistently linked with dysbiosis 
within the commensal organisms of the gastrointestinal 
tract and the western diet is likely contributory to this (11).

https://tp.amegroups.com/article/view/10.21037/tp-23-210/rc
https://tp.amegroups.com/article/view/10.21037/tp-23-210/rc
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Genetic and genomic factors in pathogenesis

The pathophysiology of IBD has considerable diversity 
and significantly differs between patients (5). The genetic 
architecture of IBD is similarly heterogenous, with multiple 
genes across immune regulation, inflammatory response 
pathways, and barrier function being implicated (12). 
The immune response seen in disease may be related to 
underlying genomic risk, coupled with environmental 
triggers (12). For some patients an inadequate immune 
response, related to hypomorphic variants in key bacterial 
sensing and signal transduction pathways—such as the 
NOD-signalling pathway—is the cause of disease. For 
other individuals, hyperinflammatory or autoinflammatory 
variation is the culprit (13,14). 

Environmental triggers and the microbiome

The most implicated environmental trigger is intestinal 
bacteria, with a dysbiotic microbiome being associated 
with both disease onset and ongoing inflammation (15). 
However, the causal relationship between microbiome and 
the dysregulated immune response that characterises the 
ongoing inflammation within the gastrointestinal tract, 
remains unclear (16).

As the pathogenesis of IBD continues to be unravelled 
it is likely that molecular subtypes of disease will emerge, 

providing a more precise diagnosis for patients and allowing 
targeted management strategies to be developed (2). While 
the exact pathogenesis of IBD is unknown, a complex 
interaction between genetic, environmental and immune 
factors is implicated (17). As our understanding of the 
multiple streams of these contributory factors develops, 
we are increasingly able to identify IBD as a continuum, 
as opposed to specific conditions with multiple different 
phenotypes.

Implications

With numbers of diagnoses of pIBD increasing, escalating 
costs and pressures on services are expected. Increased 
staffing, facility for investigations and provision of biologic 
therapies are expected to represent a significant proportion 
of this burden. These costs will continue, on individual 
and population levels, following patients through their 
transition into adult care and throughout their lives (15,18). 

Referral pathways and the use of faecal 
calprotectin 

Initial presentation

There is considerable variability in how IBD is diagnosed 
and how services are accessed in the UK and Europe, with 

Table 1 The search strategy summary employed for retrieval of relevant research works 

Items Specification

Date of search 20/12/2022

Databases and other sources searched PubMed and Medline

Search terms used Paediatric or pediatric inflammatory bowel disease or IBD or Crohn’s disease or CD or 
Ulcerative colitis or UC AND outcomes or surgery or remission rates OR Paediatric or 
pediatric inflammatory bowel disease or IBD or Crohn’s disease or CD or Ulcerative colitis 
or UC AND treatment OR management

Timeframe 2017–2022

Inclusion and exclusion criteria Inclusion criteria: adequate study size, with necessary duration of follow up, studies 
focused on Europe and the United Kingdom, English language, retrospective and 
prospective studies containing outcome data of interest

Exclusion criteria: studies with inadequate sample size and/or follow-up, studies beyond 
area of interest, non-English language works

Selection process Green Z searched the databases for the search terms. All article types reporting data from 
retrospective and prospective studies were eligible for inclusion. Studies reporting data 
from Europe, and within the last 10 years were prioritised for inclusion. All studies were 
cross checked by Ashton JJ

Any additional considerations, if applicable Review articles included to illustrate specific points
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no common referral pathway for children and young people 
established. Patients may present via a variety of referral 
areas including general and specialist paediatric services 
as well as through general practice and allied healthcare 
practioners. Due to the heterogeneity of these diseases, as 
well as the broad age range of those presenting with IBD, 
symptoms can be varied and difficult to interpret.

National Institute for Health and Care Excellence (NICE) 
have published advice on initial steps in primary care. This 
document suggests that people with symptoms for greater 
than six weeks of abdominal pain or discomfort, bloating or 
change in bowel habit (such as diarrhoea with or without 
rectal bleeding) should be referred for faecal calprotectin 
or for further assessment (19). As aforementioned, children 
and young people with inflammatory bowel disease present 
with less characteristic symptoms—with only 25% of 
children going on to have a diagnosis of Crohn’s disease 
demonstrating the triad of abdominal pain, weight loss 
and diarrhoea at presentation (20). Prevailing symptoms 
may be more intangible such as lethargy, anorexia, altered 
abdominal sensation or discomfort and growth failure. This 
variable pattern of presentation can lead to delays in referral 
to specialist services, although NICE have set a goal for 
specialist assessment within 4 weeks of referral. This target is 
rarely achieved in the adult population and there has been an 
National Health Service (NHS) England statement advising 
local health authorities to establish and develop pathways to 
strive towards these targets (21).

In practice, the difficulties in delineating symptoms, and 
relatively infrequency of presentation of children and young 
people with symptoms of IBD to non-specialist services, 
a combination of various markers is often requested. 
This often includes faecal calprotectin, blood markers 
of inflammation [C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR), white cell count (WCC)] and 
nutrition (iron studies, haemoglobin). It is important to note 
that normal bloods can occur in up to 10% of patients with 
new-onset IBD (22). As a result, faecal calprotectin remains 
an invaluable tool in highlighting children who require 
referral and may require endoscopy for suspected IBD. 
Figure 1 summarises a potential standardised diagnostic and 
management pathway.

Faecal calprotectin 

Faecal calprotectin is a protein released from neutrophils, 
which are present in the gastrointestinal tract in areas 
of inflammation (23,24). Calprotectin, in children with 

chronic gut symptoms, can be utilised to categorise low 
risk of IBD (19). While in the adult population it is utilised 
to distinguish between IBD and irritable bowel syndrome 
(IBS), in children, NICE supports the use of calprotectin 
to differentiate between IBD and functional abdominal 
symptoms (25). It is also well established as a tool for 
monitoring inflammation and disease control once a formal 
diagnosis of IBD has been made.

Use of faecal calprotectin for initial assessment of the 
paediatric population remains controversial and access to 
this test is limited to secondary care in some health localities 
in England and Wales. Calprotectin has been demonstrated 
to have high sensitivity as a marker for gastrointestinal 
inflammation, however has low specificity (26). In addition 
to this there are few established reference ranges for normal 
or concerning values in the paediatric population, as exist 
in adult patients, though this is a particular area of ongoing 
research interest (24). Moreover, multiple factors may affect 
faecal calprotectin result, such as concurrent medication 
(i.e., ibuprofen); alternative diagnoses—for example, 
infection and polyps—and there is established variability 
within the individual throughout the course of the day. 
Younger patients, especially those aged <6 years, have 
higher calprotectin levels and results up to 500–600 μg/g 
should be interpreted with caution. There is also decline in 
overall calprotectin level within samples if there is a delay in 
analysis once obtained (27). 

In the adult population a normal range is integrated 
into current practice at (<50 μg/g of stool) though various 
local pathways determine this level at different values 
ahead of progression to colonoscopy (28). Further work 
has suggested that a range of 50 to 250 (μg/g of stool) be 
considered “indeterminate”, wherein serial measurement 
may guide in selecting those that may later progress to 
ileocolonoscopy (29). British Society of Gastroenterology 
(BSG) guidance suggests that local referral to endoscopy 
should factor in local audit values for threshold value of 
calprotectin. They state that a balance must be found 
between higher thresholds, wherein fewer necessary tests 
will be performed, and some cases missed, and lower 
thresholds where fewer cases will go undetected, but 
unnecessary tests will be undertaken (30). BSG do not 
suggest that there is enough evidence to support repeat 
measurements, though in paediatrics, particularly in 
younger children where “normal” values may be higher or 
more variable, recent work has supported this (27).

Various threshold values have been suggested in 
paediatric practice, with values for monitoring suggested 



Translational Pediatrics, Vol 12, No 10 October 2023 1857

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2023;12(10):1853-1874 | https://dx.doi.org/10.21037/tp-23-210

by European Society of Pediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN) noting <100 μg/g  
usually reflecting remission and >250 μg/g predicting 
mucosal inflammation (31). A summary of recent work to 
determine threshold values for faecal calprotectin in the 
paediatric population is shown in Table 2 (24,27,32-36). In 
practice, further work is required to integrate calprotectin 
results with a combination of risk factors for IBD, whilst 
accounting for other influences on the result (i.e., age, 
gender, medication, concurrent pathology). 

Developments in specialist investigations

Endoscopy 

The primary investigation for suspected IBD following 
referral to specialist paediatric gastroenterology services 
is endoscopy, typically under a general anaesthetic or with 
sedation for older children. Diagnosis of IBD must be made 

through upper and lower gastrointestinal endoscopy, in line 
with porto group recommendations (37). The diagnosis 
of IBD is clinicopathological, integrating histology with 
macroscopic appearances, and small bowel imaging. It 
is the consideration of these factors together which may 
also aid with differentiation between disease subtypes and 
subsequent management decisions. While the technical 
capabilities of endoscopic equipment have advanced over 
recent years, the manner in which these tests are employed 
have deviated very little from the ESPGHAN position 
paper on this topic (38). Contemporary discourse focuses on 
non-invasive—or less-invasive—imaging techniques for the 
diagnosis and monitoring of inflammation. This includes 
the refinement and evaluation of existing, established 
modalities such as ultrasound and magnetic resonance 
imaging (MRI), in addition to direct visualisation through 
capsule endoscopy, the use of which is rising in UK and 
European centres (39).
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Table 2 A summary of primary data 2017–2022 evaluating faecal calprotectin in a healthy paediatric population including average results by age 
and suggested threshold value if stated (24,27,32-36)

Study name Year Location Patient group
No. of 

participants
Important inclusion 
or exclusion criteria

Average FCP (units specified)
Suggested 
threshold 

value

Fecal calprotectin 
level in healthy 
children aged less 
than 4 year in South 
Korea

2017 South  
Korea

Healthy children: 
<4 y

234 Excluded if positive 
stool culture, preterm 

birth

FCP by age, median [95th percentile] 
(μg/g):  
7–12 mon, 78.5 [135];  
13–18 mon, 29 [65];  
19–24 mon, 27 [55];  
25–30 mon, 27 [40];  
31–36 mon, 12.5 [21];  
37–48 mon, 12 [12];  
total, 24.5 [35]

–

Paediatric reference 
ranges for faecal 
calprotectin: a UK 
study

2017 Bristol, UK All faecal 
calprotectin 

results  
2011–2014

Total: 8,673; 
<18 y: 723

– FCP, median [calculated] ULN (μg/g):  
1–3.9 y, 49 [77];  
4–17.9 y, 40 [62];  
18 y, 56 [61]

Proposed 
upper limit 

of normal of 
77 for <4

Comparison of 
fecal calprotectin in 
exclusively breastfed 
and formula or mixed 
fed infants in the first 
six months of life

2017 Tehran,  
Iran

Breast fed and 
formula/mixed 

fed infants 

60 Significant antenatal,  
peri- or postnatal 

concerns

FCP, mean (SD) (μg/g):  
1 mon, breastfed exclusive,  
368.85 (204.49),  
formula or mixed, 152.59 (139.13);  
6 mon, breastfed exclusive,  
283.21 (381.41),  
formula or mixed, 113.62 (92.75)

–

Fecal calprotectin and 
eosinophil-derived 
neurotoxin in healthy 
children between 0 
and 12 year

2017 Betera,  
Spain

Healthy children: 
0–12 y

174 No concurrent 
established illnesses 

or medications 
known to increase 
faecal calprotectin

95th percentile (μg/g):  
0–12 mon, 910;  
1–4 y, 286;  
4–12 y, 54

–

Fecal calprotectin in 
healthy children aged 
4–16 year

2020 Betera,  
Spain

Healthy children: 
4–16 y;  

median: 9.2 y

212 No concurrent 
established illnesses 

or medications 
known to increase 
faecal calprotectin

Median (95th percentile) (mg/kg):  
4 y, 24.8 (187.4);  
16 y, 14.4 (60.7);  
total, 18.8 (104.5)

–

Normal fecal 
calprotectin levels in 
healthy children are 
higher than in adults 
and decrease with 
age

2020 Madrid, 
Spain

Healthy 
volunteers:  

0–18 y

395 No concurrent 
established illnesses 

or medications 
known to increase 
faecal calprotectin

Median [IQR] (μg/g):  
0–1 month, 303 [202];  
1–5 mon, 325.5 [375];  
6–11 mon, 63 [126];  
12–23 mon, 97 [275];  
2–3 y, 71 [130];  
4–7 y, 46 [89];  
8–11 y, 34.5 [48];  
12–18 y, 30 [19];  
total, 77 [246]

>250 μg/g

Guidance on the 
interpretation of faecal 
calprotectin levels in 
children

2021 Cambridge, 
UK

Children:  
<16 y

All calprotectin: 
2,788;  

referred to 
specialist: 373

– Median [IQR] (μg/g):  
<1 y, 205 [498];  
1–5 y, 55 [120];  
6–14 y, 41 [80];  
15–16 y, 47 [113]

>250 μg/kg 
with other 
positive 

biomarkers

FCP, faecal calprotectin; ULN, upper limit of normal; y, years; mon, months; SD, standard deviation; IQR, interquartile range. 
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Small bowel imaging and video capsule endoscopy (VCE)

The ESPGHAN revised porto criteria recommend small 
bowel imaging for all children with a suspected diagnosis of 
IBD, unless ileocolonoscopic and histological features are in 
keeping with typical ulcerative colitis in which case this can 
be deferred (37). MRI or magnetic resonance enterography 
(MRE)—MRI with oral contrast—are usually utilised for 
this purpose and also for the capture of the sequelae of IBD 
i.e., fistulating or stricturing disease and extra-intestinal 
disease (40). MRE, however, is limited in sensitivity for the 
detection of very subtle mucosal changes (37). As a result, 
there is drive to achieve direct small bowel visualisation, for 
which VCE is increasingly employed. 

VCE has been demonstrated to provide superior 
detection of superficial small bowel mucosal inflammation in 
Crohn’s disease over MRE, with otherwise comparative rates 
of localisation of inflammation between modalities (41).  
Capsule endoscopy has been demonstrated to have 
superiority in detecting small bowel involvement in 
Crohn’s disease over small bowel radiography, computed 
tomography (CT) and colonoscopy and ileoscopy in a meta-
analysis in adult patients, and can be achieved with minimal 
discomfort (42). 

Owing to these advantages, VCE is increasingly 
utilised in the paediatric population for visualisation of the 
small bowel mucosa; which cannot be visualised through 
conventional endoscopy or after inconclusive findings in 
MRE (43).

Challenges of VCE

In  sp i t e  o f  p romi s ing  con tempora ry  work ,  the 
implementation of VCE can prove challenging in the 
paediatric population. These challenges include capsule 
retention, the need for bowel preparation and difficulties 
with swallowing the capsule necessitating endoscopic 
placement (39,43). The greatest risk factor for capsule 
retention is known IBD (5.2%) and risk increases 
drastically when combined with a body mass index (BMI) 
under the fifth percentile (43%) (44). With the aim of 
mitigating the risk of retention, patency capsules have been 
developed in the same dimensions as the video capsule. 
Although retention remains a risk with these techniques, 
no perforations or obstructions have been reported in the 
paediatric population. 

VCE is also limited by the inability to affect the 
movement of the capsule during transit, and the lower 

specificity of the test, which can lead to increased detection 
of incidental findings (37). 

Contraindications to VCE

Various contraindications have been described by the 
manufacturers of video capsules and in contemporary 
research. These include known or suspected obstruction, 
intestinal stricture, previous abdominal surgery (relative) and 
use in children under one year. In addition to this, motility and 
swallowing disorders are also included as contraindications 
in some manufacturer’s information (45). While intestinal 
dysmotility remains a barrier to VCE, and can be 
evaluated with patency capsule, milder motility issues can 
occasionally be overcome with prokinetic medications (43).  
Moreover, as aforementioned, the direct introduction of 
the video capsule into the duodenum via endoscopy can be 
utilised to ameliorate dysfunctional swallow (37). 

Future developments in VCE

Despite these areas of concern regarding the usage of 
VCE, direct visualisation of the small bowel is increasingly 
necessary. With STRIDE and STRIDE-II as well as 
ESPGHAN and European Crohn’s Colitis Organization 
(ECCO) guidance targeting histological and mucosal 
healing as targets for treatment, direct visualisation 
is required to guide management (46,47). Moreover, 
accurately detecting small bowel inflammation in Crohn’s 
disease is particularly important, for when this is left 
uncontrolled it can lead to arrests in growth and nutrition 
and therefore significant morbidity (48). The level of direct 
visualisation offered by VCE can be a useful addition to 
existing tools for initial investigation and monitoring of 
IBD, providing greater appreciation of small bowel mucosa 
than MRE, however the modality is limited by the lack of 
functionality for collection of tissue samples. In spite of 
this, the continued miniaturisation and improvement on 
ingestible electronic technologies, with upgrading in visual 
quality through higher frame rates and the integration 
of additional sensors and microrobotics, makes VCE 
increasingly viable for use in the paediatric population for 
direct visualisation of the small bowel (49). 

Treatment options and strategies 

The management of IBD is multi-faceted and requires 
multidisciplinary team input. The general principles, 
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utilised in the UK and Europe, are set out in position papers 
from the ESPGHAN-ECCO groups, alongside more 
specific guidelines related to management in paediatric and 
adult cases produced by the BSG, and centre on induction 
of remission with long-term mucosal, or transmural healing 
(30,31,50,51). Management of symptoms, psychological 
aspects of care and paediatric specific considerations, such 
as growth and schooling must be carefully considered. 

Nutritional therapies

Exclusive enteral nutrition (EEN)
As previously discussed, the pathogenesis of IBD likely 
incorporates environmental and dietary exposure factors 
with genetic factors in leading to disease phenotype. As a 
result, altering these factors through dietary manipulation 
is a target for treatment. Chief amongst these treatments 
is EEN (52). This involves the delivery of a formula feed, 
providing complete nutritional balance either orally or via 
enteral feeding tube (53). Formulas can be defined by their 
protein source i.e., complete proteins (polymetric), modified 
(elemental) or they can be disease-specific. 

EEN is widely used as primary therapy for induction of 
remission in paediatric Crohn’s disease and is recommended 
in ECCO and ESPGHAN consensus statements for mild 
and moderate uncomplicated disease. These statements, 
integrating several systematic reviews, have defined an 
overall combined remission rate of 73% for EEN, noting 
similar efficacy for this purpose as corticosteroids (47,54). 
In addition to this, greater levels of mucosal healing 
have been noted, as well as the correction of nutritional 
deficiencies, improvements in lean body mass and quality 
of life, all with the benefit of sparing steroids and their 
avoiding their sequelae (53,55,56). These benefits however 
are limited to patients with luminal Crohn’s disease, as 
there are insufficient data to support the use of EEN for 
extraintestinal and perianal involvement, or in ulcerative 
colitis (54). 

While palatability and tolerance of EEN stand out as 
the main disadvantages of the therapy, strong supportive 
evidence for induction of remission, in addition to several 
benefits over induction therapy with steroid medications, 
make EEN one of the most useful tools available to the 
paediatric gastroenterologist (53,55,56).

Partial enteral nutrition (PEN)
In overcoming the limitations of palatability and tolerance 

in EEN, some treatment strategies have utilised formula-
based enteral nutrition alongside normal diet, with varying 
amounts of formula feed given (52). Historically, PEN 
has not demonstrated to be as efficacious as EEN for 
treatment of active disease, particularly when a normal 
diet is permitted alongside a specified volume of feed (57). 
A recent meta-analysis of work looking at PEN versus 
EEN has been published which has demonstrated similar 
response rates, however these results rely on restrictions to 
what diet is permitted, with the greater the imposition on 
normal diet, the greater the effect (58). As a result of this 
PEN has a lesser role in the induction of remission in this 
group. 

Crohn’s disease treatment with eating diet (CD-
TREAT)
The CD-TREAT diet aims to mimic the composition of 
EEN, whilst integrating whole foods to overcome issues 
with palatability (59). CD-TREAT is a prescriptive and 
personalised diet designed to best emulate the constituent 
levels of protein and carbohydrate in EEN, with the 
exclusion of some components such as gluten, lactose and 
alcohol (60). Initial work has been mostly positive, with 
higher levels of tolerability in the adult population, similar 
microbial, clinical and inflammatory improvements as seen 
with EEN, however study populations in paediatrics have 
been small and further work is required in this area. 

Crohn’s disease exclusion diet (CDED)
The CDED is a whole food-based diet that aims to remove 
foodstuffs that are implicated in gastrointestinal dysbiosis or 
inflammation (59). In practice this involves the combination 
of PEN with specific exclusions. Contemporary research 
work has noted comparable induction of remission rates in 
children allocated CDED, when compared with EEN at up 
to 80% (61,62). In these works, the quantity of PEN was 
gradually weaned with increase in whole food content in 
diet, with remission largely being maintained. Tolerability 
in these groups was superior to EEN. With this dietary 
regime showing early promise, further data are required 
before CDED can be recommended routinely in the 
management of CD (54).

Other diets
Several other exclusion diets have been reported for the 
management of inflammatory bowel disease. These include 
the Specific Carbohydrate diet, the Low in Fermentable 
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Oligo-, Di- and Monosaccharides and Polyol (FODMAP) 
diet, and exclusionary diets such as gluten-free and vegan. 
Other works have reported on the exclusion of foods 
to which the participant has a high IgG4 titre response 
(54,56). There is not, however, sufficient evidence for 
the recommendation of these dietary regimes, and the 
risk of dietary restriction and malnutrition may outweigh 
significant benefits. 

Medical agents 

Corticosteroids 

Induction
The mainstay of induction therapy in ulcerative colitis is 
corticosteroid therapy, which may be intravenous in more 
severe disease, or oral in moderate inflammation (63). A 
slow tapering of steroids over a 6 to 10-week period is 
required, during which time maintenance agents should 
be introduced (63). Steroids are efficacious for induction 
of remission, with rates of 50–64% reported, which is 
comparable to EEN (63). Topical steroids may be utilised 
in some situations, with corticosteroid enemas given as a 
longer-term treatment strategy in isolated or difficult to 
control proctitis. However, his is not commonly utilised in 
paediatric practice (63,64). 

In Crohn’s disease, steroids are a highly effective 
treatment, and again may be oral of intravenous depending 
on disease severity (51). Modified-release steroids are also 
available for isolated mild terminal ileitis and can be a 
highly effective induction strategy in these patients (51).

Maintenance
The side effect profile of corticosteroids, particularly 
in prolonged and “supraphysiological” dosing is well 
documented, with weight gain, cushingoid features, 
osteoporosis, glaucoma, hypertension and mood disturbance 
being commonly seen (65). As a result, after weaning, 
steroid sparing strategies are favoured for the maintenance 
of remission to avoid these side effects, which can be 
particularly significant in a paediatric population—i.e., 
bringing about growth and pubertal delay (63).

5-aminosalicylates (5-ASAs)

Induction
In mild ulcerative colitis, 5-ASAs can be used as an 
induction treatment, although the response to treatment 

must be closely monitored to ensure adequate and timely 
remission. The majority of paediatric patients with mild-
moderate ulcerative colitis will not have a response with 
oral 5-ASA alone, with rates of 35–55% noted (63). Meta-
analysis has demonstrated that there are not sufficient data 
to support the use of 5-ASA in Crohn’s disease (66). 

Maintenance
In mild ulcerative colitis, or IBD unclassified with mild 
colitis, there is a role for monotherapy with 5-ASA. Until 
recently, evidence suggested that 5-ASA should be used in 
combination with other treatments for ulcerative colitis 
potentially as a preventative measure against development 
of neoplasia (63). However, recent adult data from over 
8,000 patients did not find any additional benefit from 
5-ASA when an immunomodulator or anti-tumour necrosis 
factor (anti-TNF) therapy was concurrent (67). 

Immunomodulators

Induction
There are insufficient data to support the use of 
immunomodulating drugs, i.e., thiopurines and methotrexate,  
for the induction of remission in inflammatory bowel  
disease (68).

Maintenance 
Immunomodulators continue be highly prevalent in the 
maintenance of remission. Within the United Kingdom, 
thiopurines including azathioprine and 6-mercaptopruine, 
are used with more frequency than methotrexate, although 
both demonstrate efficacy (69,70). Increasingly we are finding 
genetic predictors of response and toxicity for thiopurine 
medications, such as those within the TPMT and NUDT15 
pathways, which will provide significant patient benefit and 
risk minimisation as pharmacogenomics moves into the 
mainstream (71,72). Ongoing concerns regarding lymphoma 
risk, especially in Epstein-Barr virus-naïve male patients, 
have caused reductions in prescribing in some areas, although 
the absolute risk remains extremely small (51,73,74). 

Immunomodulators also have a role in prevention 
of immunogenicity against anti-TNF therapy, and may 
frequently be used in combination with monoclonal therapy 
in the initial phase. There is a move to withdrawal of 
concurrent immunomodulation after 1 year leaving anti-TNF 
monotherapy, although subsequent long-term combination 
therapy continuation remains commonplace (75). 
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Anti-TNF therapy

Induction
Anti-TNF therapy, primarily infliximab—monoclonal 
chimeric anti-TNF antibody—and adalimumab—a fully 
humanised monoclonal anti-TNF antibody, have become 
mainstays of paediatric treatment (76). Increasingly data 
are pointing towards early introduction of therapy with 
these medicines—a “top-down approach”—as being highly 
beneficial for some patients (77). Furthermore, use of 
biologics should be expedited in cases of fistulating Crohn’s 
disease, perianal disease and where significant small bowel 
disease is present (51). 

The most notable recommendations for anti-TNF 
therapy comes for moderate-severe Crohn’s disease, with the 
most recent ECCO-ESPGHAN guidelines recommending 
this as first line therapy (51). Similarly in severe ulcerative 
colitis, most commonly in the presence of acute severe 
colitis, there may be the need for primary induction with 
anti-TNF therapy (most commonly infliximab), alongside 
corticosteroids. Proactive drug monitoring in the initial 
induction phase is increasingly driving tailored dosing 
regimen after the 2nd, 3rd or 4th infusion, although clinically 
there is still equipoise on the long-term benefit from this 
strategy (78). 

Maintenance 
The role of anti-TNF therapy in pIBD continues to expand 
for use in disease maintenance. Not all individuals will 
require these medicines however, and not all will respond. 
Primary non-response (PNR) rates remain high at up 
to 30%, with an additional 25–50% subsequently losing 
response (79,80). 

Dosing of anti-TNF therapy has progressed, and 
tailoring dose, dosing interval and concurrent therapy to 
the patient’s need should be routine. Drug monitoring is 
explored in greater detail within the Therapeutic monitoring  
section of this article. Further insights into genomic drivers 
of response, or loss-of-response are also emerging, and this 
may result in personalised pharmacogenomic profiling, 
allowing the correct drug to be selected for the molecular 
phenotype, prevention of immunogenicity or toxicity and 
stratified clinical trials (75). Therapeutic drug monitoring 
(TDM) in anti-TNF therapy has become a mainstay of 
management with these medications. The evidence on 
proactive vs reactive drug monitoring remains conflicted 
(81). Despite this, there are many unmet problems in 
optimising use of biological therapy including identification 

of the optimal drug concentration (for specific patients 
or subtypes), the impact of point-of-care TDM and the 
interpretation of anti-drug antibody titres (82). 

New generation’ monoclonal therapy and small molecule 
drugs 

Induction
Currently there is no evidence to suggest that induction 
with alternative biological or small molecule therapies has a 
role in Crohn’s disease or ulcerative colitis in children (51). 
Despite this, data from adult studies would suggest that 
JAK-STAT inhibitors can be highly effective at induction 
in ulcerative colitis and some data from paediatric practice 
is observing highly effective rescue therapy in acute severe 
colitis (83,84).

Maintenance
Monoclonal agents
Increasingly paediatric gastroenterologists are turning to 
newer monoclonal therapies for patients who have do not 
respond, or lose response, to anti-TNF therapy. The main 
classes are the anti-α4β7 integrin, vedolizumab, and the anti-
IL-23 therapies including joint anti-IL-12/23 drugs, such 
as ustekinumab, and targeted anti-IL-23 drugs, such as 
risankizumab. 

Primarily, vedolizumab is used in colonic disease, as its 
mechanism of action prevents chemotaxis of immune cells 
into the large bowel, and it thus more suited to ulcerative 
colitis. Ustekinumab, originally licensed as a therapeutic 
agent for psoriasis, is used more in Crohn’s disease, as is 
the newer and more specific, risankizumab. All therapies 
have shown effectiveness in treatment-refractory paediatric 
disease, although remission rates appear to vary between 
44–76% depending on patient characteristics and drug 
choice (85,86). Increasingly, adult practice is to opt for 
monoclonals other than anti-TNF as first line, and this may 
become more apparent in paediatric disease as we develop 
tools to aid with therapeutic prediction and selection (87,88). 
Small molecule drugs 
Another contemporary, and exciting, group of therapies 
coming to paediatric practice are the oral small molecule 
drugs. Targeting alternative inflammatory pathways 
including JAK-STAT signalling (such as tofacitinib, 
upadacitinib) and sphingosine-1-phosphate receptor 
agonists (ozanimod). These newer therapies offer another 
avenue of treatment for patients. They are not yet licensed 
for paediatric practice but trial data from adult populations 
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suggests relatively high efficacy in ulcerative colitis, with 
up to 60% clinical response in the maintenance phase 
of the trials (83,89,90). Promising efficacy data have 
been demonstrated with tofacitinib for induction and 
maintenance of remission in ulcerative colitis, particularly 
in the adult population, however certain concerns regarding 
the safety profile, including risks of infections and venous 
thromboembolism must be considered (91). Upadacitinib 
has also been shown to be effective for this purpose, 
with fewer safety concerns (90). Few case reports have 
utilised upadacitinib in the paediatric population, though 
contemporary work has noted efficacy and safety (92). 
Whether further support for the integration of these drugs 
into paediatric practice will emerge is yet to be seen, and 
options for Crohn’s disease remain more limited. 

Key topics and practice points in disease 
management

Acute severe colitis

Acute severe colitis is one of few emergencies in paediatric 
gastroenterology, and without timely management can lead 
to significant morbidity and mortality (93). Guidance for 
management has been published by the European Crohn’s 
and Colitis Organisation (ECCO) in conjunction with 
ESPGHAN (93). 

This work emphasizes the significance of excluding 
alternative and infectious causes of colitis, such as 
Clostridium difficile and cytomegalovirus (CMV), by 
conducting stool culture and mucosal biopsy. It is 
recommended to administer antibiotic and antiviral 
treatment when these organisms are detected. Additionally, 
it is important to consistently consider toxic megacolon or 
bowel perforation as potential complications, and to request 
an abdominal X-ray with worsening pain (93). 

Prompt initiation of treatment is essential,  and 
this typically involves administering intravenous (IV) 
methylprednisolone or an equivalent corticosteroid dose. It 
is advisable to regularly calculate paediatric ulcerative colitis 
activity index (PUCAI) scores, and if the score exceeds 45 
on day three, preparations should be made for second-
line management options such as cyclosporin, tacrolimus, 
or infliximab. If not already performed, sigmoidoscopy is 
recommended in such cases. In the paediatric population, 
infliximab is the preferred second-line therapy. Due to 
the potential rapid clearance of infliximab during acute 
severe colitis, higher dosing regimens may be utilized, 

and treatment should be guided by drug levels. If a 
single second-line agent fails, referral for colectomy is 
recommended. According to ECCO/ESPGHAN guidance, 
in specialized centres, after tapering off concomitant 
corticosteroid therapy, a third-line agent (either a 
calcineurin inhibitor after infliximab or vice versa) can be 
considered for trial (93). Thromboprophylaxis should also 
be considered concurrently (94).

Going forward
There is a growing body of work, within adult practice, 
supporting the use of small molecule drugs (particularly 
tofacitinib) for acute colitis (4,83,84,95). Early reports 
in children mirror these findings, with Constant et al., 
reporting 8 of 11 children with acute severe colitis (ASC) 
being colectomy free at 90-day post tofacitinib initiation 
and 6 of 11 remaining so at a median 182-day follow-up 
(96). Further work exploring the use of JAK-inhibitors is 
required in the paediatric population to support integration 
of these medicines into standard care. As use of newer 
agents emerges, it remains vital to include early involvement 
of the surgical team for consideration of colectomy. 

Loss of response (LOR) to therapy and TDM 

PNR or LOR, particularly to anti-TNF agents (infliximab, 
adalimumab) pose significant challenges for management of 
IBD (97). A multimodal cause for LOR or PNR is proposed, 
integrating a combination of genetic and environmental 
factors. A large prospective cohort study, undertaken by 
Kennedy et al., utilising anti-TNF agents, reported PNR 
occurring in 23.8%, and non-remission in 63.1%. They 
suggested that low drug concentration at induction, as well 
as several factors including smoking, low albumin, obesity, 
development of immunogenicity and higher disease score 
were predictive of non-response (98).

TDM, is employed to ameliorate PNR or LOR, and 
involves the measurement and interpretation of anti-TNF 
anti-drug antibodies (ADABs) in order to tailor dosing 
schedule and regime. If the drug level is below the desired 
target, in the absence of negative ADABs then escalation of 
dosing regime is suggested (99). If there is no improvement 
with higher trough levels, or antibodies present then 
class switching to, for example, the anti-integrin antibody 
medications is suggested (100).

There is ongoing debate on the benefits of reactive 
TDM, performing monitoring in response to the clinical 
situation, versus proactive drug monitoring, routinely 
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monitoring drug levels and antibodies regardless of 
the clinical situation. The highest quality data can be 
extrapolated from adult practice although it is important 
to recognise there may be pharmacodynamic differences 
between children and adults. In 2022, there were two meta-
analyses comparing proactive vs reactive TDM in anti-TNF 
therapy, resulting in different conclusions; Nguyen et al.  
found no clinical benefit when considering only 9 high 
quality randomised control trials (RCTs) (81), however 
significant benefits (reducing treatment failure, surgical 
rates and improved endoscopic remission and response) 
where reported by Sethi et al., who considered an additional 
17 non-RCT studies (101). 

Typically, TDM refers to biologic therapies, such 
as infliximab and adalimumab. Thiopurines can also 
be monitored and optimised, utilising 6-thioguanine 
nucleotide and 6-methylmercaptopurine metabolites. In this 
way, it is possible target therapeutic doses of azathioprine 
and 6-mercaptopurine, whilst avoiding toxicity (74). A 
growing body of work supports the use of combination 
therapy—i.e., employing these immunomodulating 
therapies such as 6-mercaptopurine, as well as azathioprine 
or methotrexate alongside anti-TNF agents—to ameliorate 
the immunogenic response to prolonged monoclonal 
therapy (102). 

Data supporting therapeutic monitoring with vedolizumab 
and ustekinumab are more lacking, although adult studies 
have demonstrated improved mucosal healing with higher 
trough levels (103). Further work is required, particularly in 
a paediatric population, to support routine monitoring and 
the development of threshold values for this purpose (5).

Genetic polymorphisms, particularly in NFkB, IL-18, 
TNF-alpha and IL-1 Beta have been implicated in non-
response to anti-TNF therapy and further data are required 
to explore how these can be combined into predictive 
modelling to tailor and individualise best treatment (104). 
Integration of genetic, clinical and risk factor data is 
required on an individualised basis to prevent medication 
exhaustion. In the future, there may be the potential shift 
to utilisation of point-of-care testing for patients, allowing 
for real-time alterations in drug dosing based on levels and 
anti-drug antibodies at the bedside, although whether there 
are clinical benefits remains unknown (105). 

Personalised and precision therapy

With vast heterogeneity in pathogenesis, treatment 

responses and outcomes in pIBD, there is cause to move 
towards a personalised approach to diagnosis and to 
management (2). In this way, the integration of genomic, 
biomarker and environmental data from an individual could 
provide them an optimised and specific diagnosis, and bring 
about targeted prevention and treatment of disease (2). 
For IBD, this personalised or precision medicine, could 
equate to improved understanding and prediction for an 
individual patient, allowing for the right therapy to be 
given at the right time, avoiding complications and side-
effects, whilst maximising therapeutic benefits. Strategies 
to predict outcomes based on molecular diagnostics and 
clinical data are beginning to emerge and are likely to break 
into the clinical sphere (106). Continuing to push forward 
this strategy will reduce medication failure, rationalise 
investigation and overall provide patient benefit (107).

Genetics in the management of IBD

Screening for single-gene causes of disease in IBD is now a 
standard of care for selected individuals—those aged <2 years 
at diagnosis, or those aged between 2–6 years of age with 
specific additional features associated with disease (108).  
In older patients, or patients presenting with no specific 
features of monogenic IBD there are emerging roles 
for genetics in the prediction of complications such as 
stricturing disease, in pharmacogenetics (such as for 
thiopurines and anti-TNF therapy) and as potential 
avenues for improving the molecular phenotype of disease 
to predict and guide therapy for individual patients 
(14,72,75,106). Translation of research findings to clinical 
benefit is beginning and will change the landscape of disease 
management within the next 10 years.

Disease outcomes

Is growth still an issue in paediatric Crohn’s disease?

Historical data has long indicated growth problems in 
paediatric-onset Crohn’s disease. Typically, this consisted 
of a mean height standard deviation score (SDS) for cohort 
being lower, at around SDS −0.3 (109,110). Large national 
cohorts looking at patients diagnosed between 1990–
2014 confirm a long-term height deficit persisting into 
adulthood, although contemporary data from the Wessex 
pIBD cohort do not demonstrate a growth deficit during 
follow-up (111,112). Patients, however, continue to present 
underweight, with reported mean weight SDS values 
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ranging from −0.65 to −1.0 (109,111). Despite this initial 
deficit there is a normal distribution of weight SDS by 1 
year after diagnosis, although patients with more severe 
disease may still have growth issues (111). 

It may be that prompt diagnosis, introduction of newer 
and more effective therapy, alongside improved nutritional 
care, is beginning to change the natural history of  
disease (113,114). 

Complications of Crohn’s disease—stricturing and 
fistulating disease 

Crohn’s disease behaviour is heterogenous, with phenotypes 
recognised as per the Paris modification of the of the 
Montreal classification of IBD (115). An estimated 
75% patients present with inflammatory disease (Paris 
classification B1) and up to 25% of paediatric patients 
present with B2 (stricturing) disease (109,116). Typically, 
there is disease evolution throughout childhood and into 
adulthood, and by 10 years disease behaviour changes to 
stricturing disease (B2) in up to 50% of patients, fistulating 
disease (B3) in 5–35% patients, or occasionally both in 5% 
(116-118). There does not appear to have been a significant 
shift in the progression to complicated disease behaviour 
over the last 30 years, although there are demonstrable 
reductions in hospitalisations and additional measures of 
morbidity (119). 

The change from a purely inflammatory B1 phenotype of 
Crohn’s disease over time presents additional management 
and surgical challenges. Intestinal resection rates in 
paediatric disease do appear to be reducing, with resection 
rates (primarily right hemicolectomy) reducing from 8.9% 
of patients in 1997 to 1.5% of patients in 2017 (120). 
National data reflects a similar picture with a decrease in 
resections identified since 2009 (121). Despite this, the 
long-term outcomes of patients with Crohn’s disease do not 
appear to have changed much, and it may be that resections 
are being delayed until after transition to adult services (122). 
There are ongoing high rates of perianal complications 
(up to 50%), surgical resections (up to 60%) and increased 
biological therapy use (up to 75%) by 10 years following 
diagnosis (123). 

The impact of new therapies may not yet have been 
fully manifested. There appears to be a concurrent 
drop in intestinal resections with increased anti-TNF  
prevalence (120). Despite this, long-term outcomes of 
patients who withdraw from anti-TNF therapy appear to 

indicate that at 10 years approximately 50% will remain 
in remission on immunomodulators alone (124). An area 
where there is less controversy is the positive impact of 
anti-TNF therapy on perianal and fistulating disease, where 
there is excellent evidence to support early introduction to 
promote healing (51). The literature supports this position 
with data indicating top-down therapy being successful at 
resolving fistulae in 58–100% of patients at 12 months post-
diagnosis (125).

Complications in ulcerative colitis 

Ulcerative colitis does not have the wide range of potential 
complications seen in Crohn’s disease, but the condition 
remains highly heterogenous. Presentation with acute 
severe ulcerative colitis (ASUC) is a key complication 
for paediatric patients, with data indicating up to 15% of 
patients present with severe disease and during childhood 
28–40% of patients will experience a severe exacerbation, 
although this may not always meet criteria for ASUC, 
associated with a paediatric ulcerative colitis activity index 
score of >65 (126). Steroid-refractory ASUC is seen in up to 
1/3 of patients and requires escalation to additional therapy, 
such as high dose anti-TNF (126). 

The need for surgery in paediatric ulcerative colitis 
has remained stubbornly high, although continues to be 
lower than for Crohn’s disease (121). Time series data from 
1997–2017, and hospital episode statistic data over the 
same period, does not demonstrate a significant reduction 
in subtotal colectomy, performed for any reason, over the 
time-period, with incidence of resections varying between 
0–5% per year (120,121). Single-centre cohorts continue 
to point to the incidence of colectomy being around 10% 
during childhood (127).

There is a relative paucity of long-term outcome data 
for liver disease (autoimmune sclerosing cholangitis and 
primary sclerosing cholangitis) in paediatric onset IBD, 
although the limited reports indicate that cirrhosis and liver 
transplantation are relatively common (12–30%) (128). 
Outcomes are summarised in Table 3.

Additional outcomes to consider

Measuring pain and mental health outcomes has been 
largely ignored in clinical trials but remains a central feature 
of disease burden for many patients. Addressing these 
measurables in future studies will be important to reduce 
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overall disease burden.

Adult data and impact on paediatric practice 

Transition care

Transition services provided in conjunction with adult 
gastroenterology can be bidirectional learning opportunities 
for clinicians and patients. It is established that engaging 
and proactive transition to transfer patients from paediatric 
to adult services should begin early and be conducted in 
a structured format (140,141). Extensive guidelines for 
transitional services have been provided by NICE (142). 
Recent data from the UK highlighted the variation in 
practice, including the team members in the clinic, the 
age of transition and transfer, and who was responsible for 
care at different points in the process (143). Longer-term 
outcomes for patients who have a structured transition care 
appear to be improved, and education of paediatric patients 
to empower self-care is an important aspect of enabling 
IBD to be successfully treated within adult care (144). 

Cancer data 

One of the most feared complications of IBD is the risk of 
malignancy, although the absolute risk is extremely low. 
During childhood the risk is extraordinarily low, although 
there are cases of treatment-induced lymphoma, driven by 
thiopurines and biologics (73,145). Beyond 18 years, data 
would indicate that there is an increased risk of most types 
of cancer in patients with paediatric-onset disease, although 
the absolute risk remains extremely small (146). Data from 
numerous meta-analyses indicates that the most associated 
cancer type, colorectal carcinoma in ulcerative colitis, is 
only marginally increased in patients (2.4× compared with 
general population), with extensive disease and younger age 
at onset being risk factors (147,148). These are important 
considerations when discussing diagnoses with patients 
as the absolute risk of cancer in paediatric-onset disease 
remains extremely low. 

Conclusions

The landscape of pIBD is changing, with increased 
utilisation of new therapies, advances diagnostics and 
improved understanding of disease pathogenesis. Despite 
this, evidence to suggest vast improvements in outcomes 
is lacking. Over the next 5–10 years ushering in an era of 

personalised therapy must the target for researchers and 
clinicians focused on pIBD. 
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