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ABSTRACT

There are ever-increasing therapeutic options
for patients with ulcerative colitis (UC), but
licensing and availability for children and young
people are often years behind those aged

>18 years. ‘Advanced therapies’, including
biologics and small molecules, now target
numerous different inflammatory pathways

but continue to have a therapeutic ceiling with
only 30-60% of patients responding to initial
therapies, although with patients achieving
mucosal healing having improved long-term
outcomes. Within this review, we synthesise the
paediatric evidence for the medicines, including
anti-tumour necrosis factor, anti-integrin,
anti-interleukin-12/23 monoclonal antibodies,
alongside Janus kinase (JAK)-inhibitors and
Sphingosine-1-phosphate inhibitors, used

in moderate-to-severe UC, and extrapolate

the adult literature where paediatric data

are lacking. Finally, we look at the potential

for optimal use and sequencing of these
therapies when they are used in an empirical
algorithm and consider some of the longer-term
implications of loss of response.

INTRODUCTION

Over the last two decades, the therapeutic
landscape for patients with ulcerative
colitis (UC) has significantly evolved.'
Since 2005, 11 biologics and novel small
molecules have been licenced by the Food
and Drug Administration and European
Medicines Agency and are now endorsed
by the National Institute of Clinical Excel-
lence for use in adult patients with UC.
Six of those were introduced over the last
5 years alone. This constitutes an oppor-
tunity for patients but also poses new
challenges for physicians, particularly the
sequencing of new drugs.” For paediatric
inflammatory bowel disease (IBD) physi-
cians, the access to novel IBD agents is

KEY POINTS

= Conventional practice in paediatric
ulcerative colitis is to escalate to an
anti-tumour necrosis factor agent as first-
line advanced therapy, with infliximab
generally favoured over adalimumab.

= Only two advanced therapies, infliximab
and adalimumab, are licenced for use in
patients with ulcerative colitis aged <16
years of age in the UK.

= Recent UK data demonstrate widespread,
but variable use of vedolizumab and
ustekinumab in patients aged <18 years.

= National funding for many other advanced
therapies, including risankizumab and
upadacitinib, is for post-pubertal children
only, with some therapies not funded at
a national level at all for those aged <16
years (ozanimod, etrasimod).

= Careful consideration needs to be given
to optimising therapies in paediatric onset
patients, as they are likely to require 70+
years of treatment.

= Sequencing of therapies remains
challenging, with adalimumab,
vedolizumab and ozanimod appearing to
be less effective after previous infliximab
exposure but ustekinumab, tofacitinib and
upadacitinib remaining as effective.

significantly delayed, owing to the high,
and sometimes unsurmountable thresh-
olds set for paediatric licence approval.®
To date, only two biologics (infliximab
and adalimumab) are licenced for use in
the paediatric population. This inequality
has been raised by multiple stakeholders
and paediatric-adjusted approaches to
paediatric drug approval have been
presented.* A recent UK-wide survey of
the use of ustekinumab and vedolizumab
in paediatric patients with IBD revealed
significant variation in prescribing across
different centres. It confirmed that overall
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Table 1 Summary of trials performed or underway in paediatric ulcerative colitis for medications within this review

Medication Historical trial data Planned/ongoing trials

Infliximab IFX Kids (open-label phase 3)

Adalimumab ENVISION | (RCT)

Golimumab GOLI Kids (open label)

Vedolizumab HUBBLE (phase 2)

Ustekinumab None A Study of Ustekinumab in Paediatric Participants With Moderately to Severely
Active Ulcerative Colitis (UC)- NCT04630028

Mirikizumab None A Study of Mirikizumab (LY3074828) in Children and Teenagers With Ulcerative
Colitis (UC)- NCT04004611

Tofacitinib None Evaluation of Oral Tofacitinib in Children Aged 2 to 17 Years Old Suffering from
Moderate to Severe Ulcerative Colitis- NCT04624230

Upadacitinib None Study to Assess Adverse Events, Change in Disease Activity, and How Oral
Upadacitinib Moves Through the Body of Paediatric Participants With Moderately
to Severely Active Ulcerative Colitis- NCT05782907

Ozanimod/etrasimod None A Study Investigating Oral Ozanimod (RPC1063) in Paediatric Participants With

Moderate to Severe Active Ulcerative Colitis- NCT05076175

off-label prescribing was highly prevalent, highlighting
the unmet need to be able to access novel IBD drugs
in paediatrics.’” In 2018, the European Crohn’s and
Colitis Organisation (ECCO) and the Paediatric IBD
Porto group of the European Society of Paediatric
Gastroenterology, Hepatology and Nutrition published
their latest reference guidelines for the management
of UC in children.®” The use of anti-tumour necrosis
factor (TNF)-a biologics was reserved for patients with
chronically active or steroid dependant UC failing to
respond to S-aminosalycilates and immunomodu-
lators as well as in children with acute severe colitis
and non-response after 5 days of intravenous steroid
therapy. Vedolizumab was considered only in patients
with prior anti-TNF-q failure.® We anticipate that over
the next few years, multiple novel UC therapeutics will
be licenced, or become widely available, for use in the
paediatric population. Table 1 summarises the current
landscape of paediatric trials for UC therapies.

In this review, we present advances in anti-TNF-a
therapies and discuss emerging biologics and small
molecules in the context of the available paediatric
literature (figure 1). Furthermore, we explore where
those novel drugs may be positioned in the therapeutic
sequence of UC management in children, given that
even recent adult guidelines have not commented on
the positioning of therapies.®

Advances in anti-TNF-a therapeutics

Anti-TNF therapies are the best-established and
most widely used biological agents in paediatric UC,
consisting of infliximab (IFX), adalimumab (ADA)
and golimumab (GLM). IFX is a chimeric (75%
human and 25% murine) and ADA and GLM are
fully human monoclonal antibodies. IFX was the
first biologically licenced for inducing and main-
taining remission in paediatric patients with UC but
its usage is based largely on extrapolation of adult
literature.” Among retrospective cohorts, Hyams et

al reported corticosteroid-free remission, at 3, 6 and
12 months (26%, 27% and 28%, respectively).” Few
studies addressed optimal IFX dosing for maintenance
of remission in children with moderate-to-severe UC
with the exception of Hyams et al who compared
dosing intervals between 8 weeks and 12 weeks and
concluding that 8 weekly dosing was more effective.'
Additionally, the IFX Kids open-label, phase 3 trial
of 60 patients confirmed the dosing of 5 mg/kg at 8
weeks was the most effective strategy, when compared
with 12 weekly dosing.'' In acute severe colitis, the
indication for early use of IFX and dose intensifica-
tion is established in paediatric practice.” In children,
IFX increased clearance is associated with low body
weight <40 kg, high body weight, low serum albumin,
increased faecal loss, high inflammatory load and anti-
drug antibodies.'* After standard dosing, IFX drug
levels in children can be 20-40% lower than in adult
patients.” This is even more pronounced in younger
children: In one study, 72% of patients younger than
10 years of age had suboptimal IFX trough levels
(<5.4 pg/mL) at the start of maintenance (week 14)
and were more likely to develop anti-drug antibodies
within the first year.'* Real-world data published so far
has shown that subcutaneous IFX 2 weekly is as effica-
cious as intravenous IFX in adults, with more favour-
able pharmacokinetics, efficacy and improved quality
of life.” '® Moreover, monotherapy subcutaneous IFX
may provide comparable efficacy and immunogenicity
to IFX-immunomodulator combination therapy, and
lower prevalence of neutralising antibodies with no
new safety signals."

Results from the first ADA versus placebo randomised
controlled trial (RCT) and the subsequent ULTRA 2
trial confirmed that ADA was superior to placebo in
inducing and maintaining remission in anti-TNF-o
naive adult patients with moderate-to-severe UC."” '
Clinical remission rates were 21.3% versus 11% on
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) cytoklne therapies (blologlcs)
o Anti-TNF (infliximab,
adalimumab)
Anti-IL12/23 (ustekinumab)
Anti- IL23 (mirikizumab,
risankizumab)

Lymphocyte sequestering therapies
(small molecule)-
\ Sphingosine-1-phosphate
receptor modulator (ozanimod)

Tissue and systemically signal
transduction regulators (small
molecule therapies)-
o JAK-STAT inhibitors
(tofacitinib, upadacitanib)

Anti-chemotaxic theraples

*+ (biologics)-

o Anti-alphadbeta? integrin
(vedolizumab)

Figure 1

Schematic representation of the mechanism and site of action of the biological and small molecule therapies discussed within this

article. Figure created with BioRender.com. IL, interleukin; JAK, Janus kinase; STAT, signal transducer and activator of transcription; TNF, tumour

necrosis factor.

placebo at week 8 and 22% versus 12.4% at week 52.
The SERENE UC trial evaluated the efficacy of high-
dose ADA induction and maintenance regimens in adults
with moderate-to-severe UC, with ADA responders at
8 weeks in the combined cohort more likely to achieve
clinical remission at week 52 when treated with 40 mg
every week (419) versus every other week (30.1%)."
ENVISION 1 is the only paediatric RCT of ADA in
moderate-to-severe UC.?° Children were randomised
into high-dose or standard-dose induction. At week 8,
high dose induction achieved significantly higher rates
of patients in partial-mayo-score remission compared
with placebo (60% vs 19.8%). Standard dosing versus
placebo did not reach statistical significance (43% vs
19.8%, p=0.38). The full-mayo-score remission rate
on high-dose maintenance at week 52 in children who
were week 8 responders was 45% versus 18.4% of
children on placebo. There have been no head-to-head
trials of anti-TNF therapy in paediatric populations.
GLM has been the latest anti-TNF-a antibody avail-
able, licenced in 2013. There is very limited paedi-
atric data on the use of GLM in children with UC:
The PURSUIT PEDS PK long-term study led by Hyams
et al studied GLM week 6 responders for 2 years.”!
Of 35 children, 21 responded at week 6 of whom

20 continued the long-term extension. At week 110,
50% of those were in clinical remission. The clinical
remission rate of all enrolled patients at week 110 was
28.6%. Additional data from the GOLI Kids trial, an
open-label phase 2 study demonstrated comparable
pharmacokinetics to adult administration and response
in biologically naive patients.”

Advances in anti-integrin therapeutics

Vedolizumab is an anti-integrin o447 monoclonal anti-
body that selectively blocks gut lymphocyte trafficking.
It has been shown to be effective in UC in adults, with
the GEMINI 1 study showing clinical remission in up
to 44.8% of patients at week 52.%° VARSITY, a head-
to-head trial comparing vedolizumab with adalimumab
in moderate-to-severe UC, showed higher rates of clin-
ical remission at week 52 in the vedolizumab group
compared with the adalimumab group (31.3% vs
22.5%).%

The use of vedolizumab in children is unlicensed,
although use is common in UK paediatric IBD centres.’
Evidence for efficacy in children is derived mainly from
small retrospective and prospective cohort studies. >’
A systematic review of 10 retrospective cohort studies
published in 2022 reported pooled clinical remission
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rates of 36% at week 6, 48% at week 14 and 45%
at week 52.%* VEDOKIDS, a paediatric multicentre
prospective cohort study, reported 42% steroid-free
remission at week 14 and 60% at week 30 for paediatric
patients with UC.?* % HUBBLE, a phase 2 randomised,
double-blind, dose-ranging study, reported an overall
clinical response rate (defined as a =20-point decrease
from baseline in Paediatric Ulcerative Colitis Activity
Index (PUCAI) score) of 63.4% and a clinical remis-
sion rate between 29.5% and 45.4% at week 14, in a
small group of 44 paediatric patients with UC.*°

In adults, switching from intravenous to subcuta-
neous vedolizumab has become an attractive option,
saving time and travel expenses for patients, and
freeing up capacity in day care units for hospitals.’!
This follows favourable results from the VISIBLE 1
study, showing subcutaneous vedolizumab to be effec-
tive maintenance therapy in UC. In this study, clinical
remission was achieved at week 52 by 46.2%, 42.6%
and 14.3% of patients in subcutaneous vedolizumab,
intravenous vedolizumab and placebo groups, respec-
tively.** As with the intravenous formulation, subcu-
taneous vedolizumab is also unlicensed in children,
and there are so far no published reports of its use in
children.

Vedolizumab has a well-established safety profile
with no concerning safety signals.>> Concerns of
progressive multifocal leucoencephalopathy, as previ-
ously seen with natalizumab, a less selective anti-
integrin therapy, have been unfounded.**

Advances in anti-IL12/23 therapeutics

Ustekinumab is a monoclonal antibody that binds to
the p40 subunit shared by both interleukin (IL)-12
and interleukin-23, and prevents their interaction
with their cell surface receptor protein IL-12Rb1 thus
effectively targeting IL-12 (Th1)-mediated and 1L-23
(Th17)-mediated cellular responses.

Its effectiveness was proven through the seminal
UNIFI trial in which adult patients with moderate-
to-severe UC were randomly assigned to receive an
8-week induction (intravenous or placebo) dose and
those that had responded were randomised to receive
44 weeks of maintenance therapy as subcutaneous
injections at varying intervals (12 or 8 weekly, or
placebo).* Clinical remission (defined as a total score
of <2 on the Mayo scale and no subscore >1 on any of
the four Mayo scale components) was the primary end
point in the induction and the maintenance arms and
was significantly higher among patients who received
ustekinumab versus placebo—15.6% versus 5.3% for
the induction trial, and 38.4%-48.3% versus 24%
in the maintenance trial. There was no difference in
the incidence of serious adverse events with usteki-
numab compared with placebo. Currently, there are no
head-to-head trials of ustekinumab comparing it with
another biological agent in UC.

Paediatric RCTs are lacking currently, however, a
phase 3 study UNIFI Jr involving open-label intra-
venous induction treatment followed by randomised
double-blind subcutaneous ustekinumab maintenance
in paediatric participants with moderately to severely
active UC is currently underway, aiming to complete
recruitment by the end of 2025.*° Although unli-
censed in children under 18 years, several prospective
and retrospective studies have reported on its efficacy
and safety and have corroborated the findings of the
UNIFI trial, with steroid-free clinical remission rates
of around 40-50% at 1 year in previously bio-exposed
patients, and without notable side effects.’’’

Six centres from The Canadian Children IBD
Network reported their experience with ustekinumab
in UC involving 25 children with conventional and
biological refractory disease.’” The primary endpoint
of steroid-free clinical remission with subcutaneous
ustekinumab at 52 weeks (Paediatric Ulcerative Colitis
Activity Index <10, no steroids =4 weeks) was
achieved in 449% of cases on an intention-to-treat basis.
Trough levels were greater with 4 versus 8 weekly
dosing, but greater exposure was not associated with a
superior rate of clinical remission. No adverse events
were associated with the therapy.

In another observational cohort study, 52 chil-
dren and young adults with IBD most of whom had
failed >1 biological therapy (81% anti-TNF refrac-
tory) initiating ustekinumab were analysed; 8% had
UC and 11% IBD-unclassified (IBD-U), with the rest
having Crohn’s disease.’” Patients were followed for
a minimum of 12 months with the primary end point
being steroid-free remission on subcutaneous usteki-
numab. 50% (bio-exposed) and 90% (bio-naive) were
in steroid-free remission at the end of the year. Two
infusion reactions, but neither serious adverse events
nor serious infections were observed.

Similarly, the French multi-centre Paediatric GETAID
studied 53 patients with IBD resistant to anti-TNF
therapy, of which 5 (9.4%) had UC.*® The average
PUCALI at induction was 47 (25-65), 25 (15-40) at
3 months of treatment and 18.3 (0-35) at the last
follow-up. No severe side effects were observed.

Fang et al conducted a systematic review evalu-
ating the efficacy and safety of ustekinumab in paedi-
atric IBD; 11 studies, comprising 370 patients were
included.*® For UC (UC)/IBD-U, the pooled steroid-
free clinical remission rates were 24% (6/25) at 26
weeks and 46% (16/35) at 1 year with endoscopic
remission of 63.6%. Serious adverse events were
reported in 3.5% of patients. They concluded that
according to low-quality evidence mainly from cohort
studies and case series, approximately one-half of
patients with UC/IBD-U achieved remission at 1 year,
and that ustekinumab has a reasonable safety profile
but dose optimisation is frequently required.

Mirikizumab is a biological therapy with selective
targeting of the p19 subunit of IL-23. In a recently
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published adult RCT mirikizumab demonstrated
superiority to placebo at 12 and 40 weeks’ follow-up,
with remission rates of 24.2% versus 13.3% and
49.9% versus 25.1%, respectively.*! No paedi-
atric data are available. Risankizumab, a human-
ised monoclonal IgG1 class antibody, also acts by
targeting the p19 subunit of IL-23. It is approved as
an option for induction and maintenance therapy in
patients over 16 years with moderately to severely
active Crohn’s disease following compelling data
from RCTs.** Preliminary data from the head-to-head
SEQUENCE trial appears to suggest the superiority
of risankizumab over ustekinumab in patients with
TNF-treated Crohn’s disease.* The phase 3 INSPIRE
(induction) and COMMAND (maintenance) trials for
adults with UC are underway (ClinicalTrials.gov ID
NCT033981359).

Advances in Janus kinase inhibition

The advent of small molecules that inhibit Janus kinase
(JAKi) for treatment of IBD has seen rapid progression
from a single approved agent for adults with UC to
three agents with varying selectivity for the different
JAK receptors. Tofacitinib, filgotinib and upadacitinib
are now in widespread use for moderate-to-severe
UC following positive initial RCT data.***® Steroid-
free remission rates at 1 year ranged from 27.2% to
68%, with upadacitinib reporting the best remission
rates.**™* Data from these trials, and subsequent
observational studies, demonstrates some of the poten-
tial advantages of these agents including no immu-
nogenicity (no anti-drug antibody formation), rapid
action of onset (1-3 days to response) and the ability
to treat numerous co-existing autoimmune comorbidi-
ties (inflammatory arthritis, dermatological manifesta-
tions).*” Data has begun to emerge on the efficacy of
these agents to treat acute severe colitis, with compa-
rable efficacy to steroids.*

These therapies are not without risk, and concerns
around cardiovascular events and herpes zoster acti-
vation have been present since approval for rheuma-
toid arthritis.*” However, according to ECCO, these
data may be overstated in IBD populations, and close

Colorectal

selection of (younger) patients and monitoring of addi-
tional cardiovascular risk factors should allow for safe
use.”’

None of these medicines are yet approved for use
in paediatric UC, with trials ongoing in tofacitinib
and upadacitinib.*” There are retrospective reports
of successful use of tofacitinib and upadacitinib in
populations aged <18 years, demonstrating the ability
of these drugs to induce and maintain remission in
40-92% of patients who had lost to response to
conventional biological therapy.’! °* No safety signals
have been reported in the small studies published to
date, but patient numbers are low. It appears that JAKi
are an extremely promising class of therapy, with use
beginning to lead to positive reports within paedi-
atric age groups. Their current role as last-line rescue
medicines may well progress to more front-line use,
depending on trial and safety data, but for now, these
seemingly effective drugs are reserved for the more/
most severe paediatric cases.

Advances in sphingosine-1-phosphate receptor
modulation (ozanimod, etrasimod)

These therapies target leucocyte trafficking by
binding to sphingosine-1-phosphate receptors and
preventing lymphoid cells moving from lymph
tissue into the blood. Initially used as a therapy for
relapsing multiple sclerosis, ozanimod has now been
adopted for use in UC following positive RCT data
published in 2021. This study reported induction of
remission rates of 18.4% and maintenance of remis-
sion at 37%), with clinical response rates reported to
be higher (47.8% and 60%, respectively).”> Open-
label extensions have demonstrated a good safety
profile for this therapy, and added further evidence
of longer-term stable response to these first-in-class
medications.”

There is a paucity of data on the use of ozanimod
in paediatric UC, with no reports in the literature to
date. An RCT (ClinicalTrials.gov ID NCT05076175)
has commenced but will not be imminently be
reporting findings. Real-world data is likely to
emerge prior to RCT evidence, but currently ozan-
imod would be seen as a final option in desperate

Table 2 Adverse effects and risks with different ulcerative colitis treatments

Medication Observed side effects

Long-term risks/concerns

Anti-TNF therapy
diarrhoea, arthralgia.
Anti-integrin therapy
Anti-IL12/23 therapy
diarrhoea, arthralgia.
JAK inhibitors

S1P receptor modulators Nausea, arthralgia, headache.

Infusion reactions, headache, upper respiratory tract infection,

Headache, upper respiratory tract infection, arthralgia.
Infusion reactions, headache, upper respiratory tract infection,

Temporary worsening of diarrhoea, headache.

Lymphoma, paradoxical psoriasis, tuberculosis or viral
hepatitis reactivation, infections.

Very few reported.
Infections.

Varicella reactivation, hypercholesterolaemia, infections,
increased risk of cardiovascular events.

Liver function abnormalities.

IL, interleukin; JAK, Janus kinase; S1P, sphingosine-1-phosphate; TNF, tumour necrosis factor .
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situations for children with UC, although which
patient cohorts would most likely benefit from this
therapy remains to be seen.

Time to change our therapy approach in paediatric
patient with moderate-to-severe UC?

In paediatric UC management, anti-TNF remains
the first-line ‘advanced therapy’. Contemporary
approaches to optimisation of therapy, including proac-
tive therapeutic drug monitoring and the potential for
subcutaneous delivery of IFX are likely to provide
further opportunities for outcome improvement.

Despite this, extrapolation from adult head-to-
head trials are beginning to add uncertainty as to the
optimal sequencing of advanced therapies. Although
currently unlicenced in paediatric populations, vedoli-
zumab has demonstrated superiority over adalimumab
in achieving clinical remission (31.2% vs 22.5%),
although the adalimumab dosing may have been too
conservative for a true comparison.**

Indirect comparison of therapies, through network
meta-analysis, may also reveal some insights into the
potential head-to-head efficacy, although some caution
should be exercised as trials are often extremely hetero-
geneous. In recent work from Burr et al, upadacitinib
and infliximab appeared to be superior at inducing
and maintaining clinical and endoscopic remission,
although vedolizumab had the best safety profile and
was mid-ranked for efficacy.”> We have summarised
the main safety considerations in table 2. An addi-
tional consideration in sequencing of therapies is the
potential to capture remission after prior use of other
advanced therapies. Paediatric patients with UC having
been frequently exposed to anti-TNF therapy and data
extrapolated from adult studies indicate that adalim-
umab, vedolizumab and ozanimod are less effective
after prior anti-TNF (infliximab) exposure but usteki-
numab, tofacitinib and upadacitinib were not less
effective.” If we were to consider adult guidelines as a
basis for paediatric practice, the American Gastroen-
terology Association recommends infliximab or vedol-
izumab as the first line, but the European Crohn’s and
Colitis Organisation does not favour a specific treat-
ment.’®%” Beyond simple sequencing of therapies, the
possibility of quick-acting JAKi as bridges to more
stable and safe biologics may be a future consideration,
thus providing a steroid-sparing therapy in children in
whom growth and nutrition need optimisation.*” We
have not discussed the role or place of dual advanced
therapies, or the UC exclusion diet, in this work, but
interest and evidence will begin to emerge to better
understand the role of these experimental treatment
strategies.

It appears increasingly clear that there are subop-
timal remission rates for almost all advanced thera-
pies, likely related to the underlying immunogenetic
drivers of disease in an individual patient.’® We are not
yet at the point to personalise therapeutic agents for a

patient, but neither is the evidence clear about which
empirical treatment algorithm we should follow. The
best use of treatments is also constrained by paediatric
licensing and availability issues, where we lag behind
adult colleagues in accessing therapies for our patients.
To optimise patient outcomes, we must advocate for
high-quality paediatric evidence, incorporate children
into head-to-head trials and attempt to standardise
treatment algorithms to better interpret real-world
data.

X James Ashton @James_Ashton
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