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Abstract: Pacdiatric-onset inflammatory bowel disease (IBD) is associated with greater disease burden

and morbidity compared to adult-onset IBD. Accurate risk prediction for a complicated disease course in

childhood onset IBD is essential for making the best treatment choices. Complicating course in IBD is

closely linked with choice of therapies and treatment targets. In this review article, we examine risk factors

of complicated disease course in children with IBD in the era of increasing use of biologics and tighter

treatment targets. We also discuss emerging paediatric data supporting an early intensive approach targeting

deeper healing, aiming for remission beyond symptoms with repeat endoscopic examination to make

treatment adjustments.
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Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are two
major forms of immune mediated chronic progressive
inflammatory bowel disorders (IBD). A widely accepted
hypothetical model of IBD pathophysiology suggests
it is caused by an environment trigger in a genetically
predisposed individual leading to mucosal epithelial
barrier dysfunction, aberrant gut microbiota and immune
dysfunction (1). Epidemiological trends suggest IBD is an
emerging global disease, with rising prevalence in newly
industrialised nations. A recent systematic review suggests
the incidence of IBD in newly industrialised nations such
as Asia, Africa and South America is increasing while the
prevalence remains static in Europe and North America (2).

Although 10% of IBD is diagnosed before 16 years
of age, the clinical course of a paediatric onset IBD is
characterised by greater disease burden compared to adult-
onset IBD (3,4). There are additional challenges of this
age group, including growth, puberty and psychosocial
consequences in such a vulnerable group and a greater
risk of gastrointestinal (GI) cancers compared to non-IBD
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paediatric population. Cohort studies comparing the clinical
course of paediatric-onset CD (PO-CD) vs. adult-onset
CD (AO-CD) confirm its aggressive nature with extensive
distribution, suggested by greater pan-enteric involvement
[ileocolonic and upper gastrointestinal (GI) disease], rapid
progression and increased disease activity index, year by year,
despite use of more immunosuppression (5,6). In addition to
higher disease burden, a greater cumulative risk of intestinal
resection at 30 years (48% vs. 14%) and permanent stoma
(12% vs. 1%) are seen in PO-CD vs. AO-CD (7).

UC in children also exhibits a more severe intensity in
comparison to adults with UC. Children are more likely to
present with extensive colitis, develop acute severe colitis,
show a poor response to corticosteroids (CS) and up to 40%
require colectomy within 10 years of diagnosis compared to
20% of adult onset UC (6,8-10). Population-based paediatric
cohort studies suggest that 26-50% of children with UC may
become CS dependent (steroid dependent), within the first
year of diagnosis, compared to 22% of adults (10-12).

Despite a clear recognition that Paediatric-onset IBD
is severe in comparison to an adult-onset IBD, not all
children will have aggressive disease course. It is therefore
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essential to accurately predict those who are likely to
develop a complicating disease course. Disease course of
IBD is closely linked with treatment targets and choice
of therapies. Declining 5-year surgical resection rates in
CD, from 59% [1986-1991] to 25% [1998-2003] in UK
and 30% [1988-1995] to 18% [2001-2008] in Canada may
reflect the expanding armamentarium of treatment choices
and improvement in treatment paradigms (13,14).

Paediatric studies report 5-year surgical resection ranges
between 14-34% (15-17). Some recent studies report no
change in surgical resection rates in childhood onset CD,
despite increase utilisation of biologics (17). Although
colectomy rates of hospitalised UC patients have also
remained stable over years, more recent adult data confirm
diminishing 10-year surgical resection rates from 30% in
the 1990’ to 10-17% in recent studies (18). Colectomy
rates are higher in paediatric-onset UC compared to adult
UC, with population-based registries reporting 10-year
risk around 20% (19,20). A recent Danish nation-wide
paediatric study reported diminishing colectomy rates
[hazard ratio (HR) 0.64] associated with increase in anti-
TNF use in children with UC (21).

In this chapter, we review recent data on predictors of
poor outcomes in paediatric-onset IBD in the current era
of increasing use of biologic therapies. We also discuss
emerging data supporting an early intensive approach
targeting deeper healing, aiming for remission beyond
symptoms with endoscopic healing, radiological healing and
biomarker remission emerging as new treatment end points.

Defining a disabling childhood onset IBD

While intensity of symptoms such as diarrhoea, abdominal
pain, fatigue is associated with poor quality of life at a given
point in time, symptom severity alone at diagnosis is not
necessarily associated with poor long-term outcomes in
CD (22-24). There is poor correlation between symptoms
and endoscopically measured inflammatory disease burden
in children with IBD (25,26). It is therefore important to
understand biological factors contributing to the risk of
complications such as fibro-stenotic, penetrating CD.
There is no universally accepted definition of disabling
childhood-onset IBD, but experts define frequent relapse,
severe growth delay, development of penetrating and/
or stricturing or perianal disease and need for surgery as
aggressive PO-CD (27). Similarly, aggressive UC is referred
as one that is associated with high relapsing rate (>2 courses
of steroids or hospitalisation after initial diagnosis of UC
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in the first year), development of colon cancer, presence of
extraintestinal manifestation (EIM) and need for colectomy.

Factors associated with complicated CD (Figure 1)

Data from EPIMAD registry suggest that clinical
predictors at diagnosis alone are insufficient in predicting
disabling CD in children, but age <14, low height Z score
<2 standard deviation (SD) and complicated phenotype
at diagnosis are poor outcome predictors (28). There
are several recent large prospective studies examining
factors associated with a complicated course of CD.
A prospective multicentre paediatric study recently
examined clinical, serological, genetic and microbiome
factors associated with complicated CD, defined as
change from inflammatory phenotype at diagnosis to
a complicated stricturing and fistulising disease (22).
At a median follow-up of 3 years, 78/913 (8.5%) developed
complicated disease. African American race, anti-
Saccharomyces cerevisiae antibodies (ASCA) IgA and C-Bir
1 serology were associated with nearly three times higher
risk of penetrating disease (HR 3.0). Stricturing phenotype
was associated with ASCA IgA, C-Bir 1 serology and Ileum
extra cellular matrix genetic signatures (22). In another
recent large study of 1,442 children with CD, clinical
factors associated with risk of intestinal resection were
examined (29). Authors reported a 25% actuarial risk of
intestinal resection at 10 years with complicating phenotype
at diagnosis as the only clinical predictor associated with
surgical resection (29). A recent European cohort study
confirmed that early non-sustained response to treatment is
more important than baseline disease severity in CD, with
three times higher risk of complications (29%) in those with
early relapse vs. 10% in those who sustained remission (23).

Factors associated with poor outcomes in UC
(Figure 2)

Extensive disease distribution, severity of symptoms and
presence of extra-intestinal manifestations at diagnosis are
associated with increased risk of colectomy, but the evidence
is conflicting. While, some paediatric studies report pan-
colitis at diagnosis is a risk factor of colectomy, many studies
report no significant association between disease extent and
colectomy (30-33).

The best validated index for reporting severity of
symptoms is the Pediatric Ulcerative Colitis Activity Index
(PUCAI) (30). It is calculated by adding a total score
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Stricturing
/4 Penetrating disease
Predicators of poor outcomes at diagnosis /
Age <14
Height & weight Z scores <2 SD /

Complicated disease
African American race /
ASCA/C-Bir positivity

At follow-up \

12-week remission \
Active endoscopic disease

Surgical resection

Height loss

@

Figure 1 Risk factors associated with aggressive course of paediatric onset—CD. CD, Crohn’s disease; ASCA, anti-Saccharomyces cerevisiae

antibodies; SD, standard deviation.

Predictors of aggressive paediatric ulcerative colitis

Predicators of poor outcomes at diagnosis ~ Subtotal colectomy
Pan colitis /

Severe colitis (PUCAI >65) /

Predicators of poor outcomes at follow-up
Poor response toCS

4-week PUCAI remission /

12-week remission . . . .
—— > Persistent active disease or multiple relapses

N\
AN

Predicators of colon cancer
Long standing colitis (>10 years)
Primary sclerosing cholangitis \

Family history of colon cancer
\« Colon cancer

Rectal biopsy <32 eosinophils

®

Figure 2 Risk factors associated with aggressive course of paediatric onset—UC. UC, ulcerative colitis; CS, corticosteroids; PUCAI,
Pediatric Ulcerative Colitis Activity Index.

of following six items (abdominal pain, degree of rectal diagnosis is linked with higher risk of colectomy (20). In
bleeding, stool consistency, number of stools per 24 hours, contrast, Schechter et al did not find this association; they
nocturnal stooling, and activity level). A higher PUCALI at reported a lower CS-free remission (9% wvs. 48%, P=0.0001)
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& higher colectomy rates (6.5% with mild & 24% with
moderate activity) in those with 3-month PUCAI >10 vs.
PUCAI <10 (34).

These observations suggest that early response to
treatment is a very strong predictor of longitudinal
outcomes in children with UC and heterogeneity in timings
and threshold to introduce effective therapies have a strong
influence on the natural history of paediatric UC. A recently
concluded large paediatric multicentre inception cohort
study using a standardised treatment protocol for therapy
escalation overcomes these limitations (35). The authors
of this study reported disappointingly low rates of 1 year
CS-free remission (defined as PUCAI <10) on mesalazine
alone: approaching 50% in those with mild disease and only
30% in those with moderate disease at diagnosis. Dismal
outcomes were seen despite additional therapies as almost
50% required additional therapy +/- colectomy within the
first year with high biologics and/or immune-modulator
use in those with initial moderate vs. mild activity
(64% wvs. 28%, P<0.001). High initial Mayo score >10,
erythrocyte sedimentation rate (ESR) >40 and absence
of week 4 PUCALI remission were noted to be the best
predictors for colectomy. This study again reminds us that
severe presentation and early poor response are important
determinants of poor outcomes in UC.

Can early aggressive therapy prevent
complications in paediatric IBD?

The understanding that PO-CD is more severe compared
to adults has led to several studies examining role of
earlier intensive therapies in PO-CD. There is limited
paediatric data on long-term efficacy and benefits of early
intensive therapy using anti-TNFs (within 3 months of
diagnosis) alone or in combination with conventional
immune-modulator therapy. Conventional paediatric
practice utilizes a step-up approach with anti-TNF agents
generally introduced for moderate to severe CD after
failure of CS or exclusive enteral nutrition (EEN) and
conventional immunomodulators. There are clear benefits
of early anti-TNF in children with CD with higher rates
of CS-free remission, mucosal healing (MH) and a modest
improvement in linear growth. Data on long-term benefits
such as intestinal resection or development of complicating
disease were lacking up until recently (36-38).

The RISK cohort study is a prospective multicentre
paediatric study that examined clinical, serological, genetic
and microbiome factors associated with complicated CD,
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defined as change from inflammatory phenotype at diagnosis
to a complicated structuring and fistulising disease (22).
Propensity matched adjusted analysis did not confirm a clear
benefit of early anti-TNF agents on complicating fibro-
stenotic disease but a three-fold reduction in penetrating
CD was reported. To conclude that early anti-TNF agents
should be routinely used to reduce penetrating disease
in CD would be inappropriate as the absolute number of
children developing penetrating complications in adjusted
analysis were small (15/382, 4%) with 4/15 in the early anti-
TNF group developing penetrating disease compared to
11/15 in the group where anti-TNF was introduced at a
later stage (22).

Another recent large study including 1,442 children
with CD examined clinical factors associated with surgical
resection and investigated if early use of anti-TNF reduced
the need for surgical resection (29). There were number of
interesting observations made in this study. Firstly, in a real-
world paediatric study, only a small proportion of patients
received early biologics therapy (11% in this cohort),
and the majority still received step up anti-TNF therapy.
Secondly, there was no clear beneficial effect of early anti-
TNFs on progression to surgery or disease behaviour.
Furthermore, 5-year surgical resection rates in patients
enrolled from 2002 to 2007 and from 2008 to 2014 were
identical, despite greater and earlier use of biologics (29).

Can early intensive therapy reduce colectomy
rates in UC?

Risk of urgent colectomy in children presenting with
acute severe colitis is very high, particularly in those not
responding to intravenous (IV) CS. Second-line rescue
therapies should be introduced in non-responders or poor
responders to CS within 3-5 days of admission as delaying
increases the risk of morbidity (33). Anti-TNF agents
and calcineurin inhibitors are the main second line rescue
therapies in acute severe colitis; their timely use may be
associated with a 40% reduction in 1-year colectomy rates
from 60% in early 1990’ to 18-22% more recently (39). In
children with moderate to severe colitis, anti-TNF use is
associated with higher 1- and 2-year CS free remission rates
of 38% and 22% and likelihood of remaining colectomy
free at 2 years as 41% (39). In this cohort study, only 10%
of the total cohort were on biologics by 1 year. Data from
recent studies using stringent treatment targets would
suggest 40% of children initially presenting with moderate
to severe UC would be on biologics within the first year
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of diagnosis with 10% risk of 1-year colectomy in this
group (35). A recently published Danish population-based
registry suggests a significant decline in 5-year colectomy
rates since introduction of anti-TNF agents in mid-2005
(HR 0.36) (22). Although these studies confirm a trend of
increasing use of anti-TNF drugs and a parallel reduction
in colectomy rates, the data is insufficient to support the
claim that routine early anti-TNF use (within 3 months) in
steroid dependent paediatric UC can reduce future risk of
colectomy.

Revised treatment targets for CD

“The primary goal of treating patients with IBD is to maximize
long-term bealth-related quality of life through control of symptoms,
prevention of structural damage, normalization of function
and participation in social and work-related activities.” (40)
The concept that a tighter control of chronic diseases can
reduce end organ damage is not novel and is widely used in
other chronic diseases such as diabetes and hypertension.
"To define appropriate treatment targets for IBD, we need
to not only control symptoms as they impact immediate
quality of life but also include objective markers of reducing
inflammation as uncontrolled inflammation ultimately leads
to cumulative intestinal damage. International evidence-
based expert guidelines recommend that the combination
of clinical remission and endoscopic remission should be
the target in IBD (41). A recently concluded adult study
compared a conventional treatment strategy focusing on
symptom control versus a tight control arm aiming for
symptoms and biomarkers control using C-reactive protein
(CRP) and faecal calprotectin (FC) (42). The authors of this
study reported a 16% greater improvement in endoscopic
remission rates in the tight control group (46% wvs. 30%
in conventional treatment arm. The trade-off for better
endoscopic remission in this study was a greater use of
high dose anti-TNFs (46% every week adalimumab wvs.
15% every week adalimumab) in the tight control vs.
conventional group (42).

It’s time to embrace a treat to target approach but
it remains unclear if therapeutic adjustments based
on biomarkers are superior to repeated endoscopic
examination in achieving MH. On one hand, FC and
CRP are excellent non-invasive biomarkers but up to 20%
patients with a normal CRP <5 mg/L and FC <250 pg/g
of stools at 48 weeks failed to achieve MH [Crohn’s
Disease Endoscopic Index of Severity (CDEIS) <4]
in the CALM study (43). The other important issue is
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that escalation of therapies based on biomarkers alone
may result in overtreatment of a substantial proportion of
patients. Repeat endoscopic evaluation to make treatment
adjustments aiming for MH is less well studied but
emerging data suggest that this approach may be feasible
and is associated with superior outcomes if escalation of
therapy is performed in those failing to achieve MH (44,45).
Recently published expert paediatric guidelines suggest
that repeat endoscopic examination for MH is helpful
but it does carry a risk associated with multiple general
anaesthetics and health care burden (46). Another feasible
and less invasive approach is using an ingestible endoscopic
video recording device, such as wireless capsule endoscopy.
A recent prospective Italian study utilised pan-enteric
capsule endoscopy to guide treatment targets (47). Future
trials need to evaluate whether treating to an endoscopic
endpoint is better than a biomarker-based approach.

Conclusions

Therapeutic targets in IBD should be individualised after
careful evaluation of risk factors with use of early intensive
therapy in those considered as high risk, and a timely
step-up approach in those with milder forms of disease to
minimise medication-related adverse events and maximise
long-term quality of life.
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