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Budesonide is a glucocorticoid with strong topical anti-inflammatory properties
and minimal systemic effects due to extensive first-pass hepatic metabolism. It
is designed for targeted delivery within the gastrointestinal (Gl) tract and is
available in oral and rectal formulations. Budesonide is indicated for various Gl
disorders, including Crohn's disease (CD, ulcerative colitis (UC) and eosino-
philic oesophagitis (EoE), with specific formulations approved for different
disease locations and severities. This narrative review evaluates the pharma-
cological profile, clinical applications and guideline recommendations sur-
rounding the use of budesonide in both paediatric and adult Gl disorders.
Evidence from randomised controlled trials and real-world studies supports the
efficacy of budesonide in inducing remission in mild to moderate ileocaecal CD.
It is recommended by ESPGHAN/ECCO [European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition/European Crohn's and Colitis
Organisation] guidelines as a therapeutic alternative in selected paediatric
patients when exclusive enteral nutrition is not feasible. In UC, budesonide-
multimatrix tablets and rectal foam formulations may be effective for distal and
left-sided disease, though they are generally less effective than systemic cor-
ticosteroids or 5-aminosalicylic acid and are reserved for patients with con-
traindications to standard therapies. In EoE, topical swallowed budesonide has
shown promising results in inducing clinical and histological remission, with
increasing data supporting its use in children. Although budesonide is asso-
ciated with fewer systemic adverse effects, long-term use may still pose risks
such as growth suppression and hypothalamic-pituitary adrenal axis suppres-
sion, necessitating careful monitoring. Budesonide offers a valuable treatment
option when used in alignment with disease phenotype, formulation properties
and patient-specific considerations.
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1 | INTRODUCTION

Budesonide is a potent corticosteroid with low systemic
bioavailability and strong local anti-inflammatory activity.
In the early 1990s, an oral controlled-release formulation
was developed for Crohn's disease (CD), targeting the
distal ileum and ascending colon." To enable delivery to
the distal ileum, proximal colon, or entire colon while
avoiding gastric degradation, several controlled-release
formulations have been designed. These provide high
local drug concentrations while minimising proximal
small bowel absorption, thereby reducing systemic ex-
posure and improving efficacy.? Currently, three oral
formulations are available: a pH-dependent-release
version, a multimatrix (MMX) system and a controlled
ileal-release form combining pH- and time-dependent
mechanisms. Budesonide is also available as enemas
and rectal foams for topical delivery.®

Despite its established use, the effectiveness and
safety of budesonide particularly its impact on the
adrenal axis in infants and children remain under-
explored. A clear understanding of its pharmacological
profile, indications and safety is essential for optimal
paediatric use.

This article aims to provide a summary of the
available evidence on the use of budesonide for treat-
ing gastrointestinal (Gl) disorders in children.

2 | METHODS

A comprehensive literature search was performed in
PubMed, Google Scholar, Scopus and Cochrane
Library from January 1990 to May 2024, focusing on
paediatric and adult studies evaluating budesonide in
gastrointestinal disorders. The following search terms
were used in various combinations: ‘budesonide’,
‘Crohn's disease’, ‘ulcerative colitis’, ‘microscopic coli-
tis’, ‘eosinophilic esophagitis’, ‘paediatrics’, ‘children’
and ‘inflammatory bowel disease’. Only English-
language studies were included. Both randomised
controlled trials (RCTs) and relevant observational
studies (prospective or retrospective cohorts, registry
data and case series with =10 patients) were con-
sidered. Study quality was not formally assessed with
scoring tools, given the narrative design, but priority
was given to RCTs, large cohort studies and guideline
documents. The studies meeting our inclusion criteria
have been summarised in Tables 1 and 2, which pro-
vide an overview of the evidence base across the major
disease categories.

2.1 | Pharmacokinetics

Budesonide is a corticosteroid characterised by high
first-pass hepatic metabolism, resulting in low systemic

What is Known

* Budesonide is a glucocorticoid with strong
local anti-inflammatory effects and high first-
pass metabolism, minimising systemic
exposure.

It is effective in eosinophilic esophagitis,
Crohn's disease, ulcerative colitis and
microscopic colitis.

Compared to systemic corticosteroids, it has
fewer systemic side effects but still requires
monitoring for hypothalamic-pituitary adrenal
axis suppression.

What is New

e Oral viscous budesonide improves both
symptoms and mucosal changes in eosino-
philic esophagitis.

It is now first-line therapy for microscopic
colitis, even in prolonged use.

Emerging evidence suggests a need for op-
timising long-term treatment strategies to
balance efficacy with safety, particularly re-
garding systemic risks.

Novel delivery systems such as or-
odispersible tablets and modified-release
suspensions are being developed to en-
hance local efficacy and reduce systemic
exposure.

bioavailability = and predominantly local anti-
inflammatory effects. It is rapidly distributed, with
85%—-90% plasma protein binding and a steady-state
volume of distribution of 3—4 L/kg in both adults and
children.’”'8

Following oral administration, budesonide under-
goes extensive first-pass metabolism via cytochrome
P450 3A4 in the liver and intestinal wall, yielding a
systemic bioavailability of 10%—20% in CD patients and
lower in healthy individuals.'”® In cirrhosis, bio-
availability increases 2.5-fold due to impaired hepatic
metabolism. The drug has a high clearance (~80 L/h)
and a plasma half-life of 2-4.5h.2°

Controlled-release formulations enhance delivery to
specific intestinal segments. The pH-dependent for-
mulation dissolves at pH>5.5, releasing drug in the
ileocecal region. The MMX system allows prolonged
release throughout the colon. The controlled ileal-
release version combines time- and pH-dependent
mechanisms targeting the terminal ileum and ascend-
ing colon.?’

Budesonide is metabolised 2-5 times faster
than hydrocortisone and 8-15 times faster than
prednisolone, producing the inactive metabolites
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Budesonide in EoE paediatric patients.

TABLE 1
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References Study type

Description and study numbers

Main finding

Significant improvement in eos/hpf (87-7,

p <0.0001), symptom score (4.4-0.8), and
endoscopy score (3.6—0.8). No significant adverse
events.

Peak eosinophil count improved from 66.7 to 4.8
eos/hpf in budesonide group (p <0.01); symptom,
endoscopic and histological scores significantly
improved. Oral candidiasis observed in some
patients.

90% achieved remission post-induction (p < 0.01);
histological, endoscopic and clinical scores
improved. Some relapse occurred by Week 36.

Significant histologic response (<16 eos/hpf) with
medium and high doses. Symptom response not
significantly different. No major adverse events
reported.

87.5% achieved histologic remission; clinical and

[4] Retrospective analysis 20 children (mean age 5.5 years) with EoE
treated with oral viscous budesonide.
[5] Randomised, double- 15 children on budesonide and 9 on
blind, placebo-controlled  placebo, followed over 3 months with
biopsies and endoscopie
[6] Induction and 20 paediatric patients (median age
maintenance therapy 10 years), 12-week induction +12-week
study maintenance +12-week follow-up.
[7] Dose-ranging, placebo- 71 patients aged 2—18 years; received
controlled placebo or low, medium, or high dose
budesonide suspension for 12 weeks.
[8] Clinical trial EoE patients with oesophageal atresia
treated with oral viscous budesonide for
12 weeks.
[9, 10] Pilot studies Short-term budesonide therapy

(8—12 weeks) in paediatric EOE patients.

endoscopic improvements noted. No treatment-
associated adverse events.

Demonstrated histological remission; consistent with
findings from other studies.

Abbreviations: EoE, eosinophilic oesophagitis; eos/hpf, eosinophil counts per high-power field.

TABLE 2 Budesonide in IBD.

Reference  Study type Description and study numbers Main finding
[11] Randomised, placebo- CD patients treated with 9 mg/day versus Remission: 42.9% (9 mg) versus 65.7% (12 mg);
controlled 12 mg/day budesonide. CRP reduction; no significant adverse events.
[12] Multicentre clinical trial 108 paediatric CD patients (6—17 years); 9mg 58.1% remission (p <0.001); reduction in disease
or 6 mg budesonide for 8 weeks. activity; 32 patients had subnormal cortisol; good
tolerability overall.
[13] Prospective registry Newly diagnosed CD patients in North America; Budesonide monotherapy uncommon (5%); often
analysis 13% received budesonide; 47% within 30 days. used with adjunct therapies.
[14] Prospective analysis 9 paediatric UC patients (mean age 7.5 years); Clinical remission in 77.7% at 4 weeks; continued
budesonide MMX for 8 weeks. efficacy up to 8 weeks; well tolerated.
[15] Prospective analysis 31 paediatric UC patients (mean age Clinical remission in 55%; endoscopic
13.2 years); budesonide MMX for 2 months improvement in 73%; remission in 40%; adverse
(3 patients >10 months). events in long-term use.
[16] Prospective study 16 paediatric UC patients (median age Clinical remission in only one patient; high safety

14.54 years); budesonide MMX for 8 weeks.

but limited efficacy observed.

Abbreviations: CD, Crohn's disease; CRP, C-reactive protein; IBD, inflammatory bowel disease; MMX, multimatrix; UC, ulcerative colitis.

64-hydroxy-budesonide and 16a-hydroxy-predniso-
lone, which are primarily excreted renally.?! Food
delays absorption but does not affect bio-
availability.?? In children aged 3-6 years, systemic
availability from nebulised budesonide is ~6%.2°
The targeted delivery and site-specific absorption of

budesonide across different formulations are illus-
trated in Figure 1.

In eosinophilic oesophagitis (EOE), formulations are
specifically designed to maximise oesophageal con-
tact. Oral viscous budesonide (OVB), usually com-
pounded with sucralose or xylitol, and orodispersible
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FIGURE 1

Budesonide Pharmacokinetics: The figure illustrates the targeted delivery and site-specific absorption of budesonide via various

formulations. Oral viscous budesonide is designed for local action in the Oesophagus with minimal systemic absorption. Oral delayed-release
formulations include pH-dependent, time-dependent, and MMX systems to target drug release in the small intestine and colon. Rectal
formulations, such as enemas and suppositories, facilitate localised delivery to the distal colon and rectum. BUD, budesonide; MMX, multimatrix.

tablets (OBTs) enhance mucosal delivery and prolong
contact time. Importantly, the choice of vehicle signifi-
cantly influences therapeutic outcomes: OVB achieves
longer mucosal contact compared with nebulised bu-
desonid,?* while OBTs have demonstrated superior
rates of clinico-histological remission compared with
other budesonide formulations in both controlled trials
and real-world practice.2%2°

2.2 | Pharmacodynamics
Budesonide exerts its anti-inflammatory effects through
high-affinity binding to glucocorticoid receptors in the
gastrointestinal tract, inhibiting the release of pro-
inflammatory cytokines and mediators such as inter-
leukins (IL), tumour necrosis factor (TNF-a) and eico-
sanoids. This suppresses immune cell infiltration and
local inflammation, reducing tissue damage.?”
Compared to conventional corticosteroids, bude-
sonide has a higher local-to-systemic activity ratio

due to extensive first-pass metabolism (85%—-95%),
minimising systemic adverse effects. In inflammatory
bowel disease (IBD), pH-modified release cap-
sules deliver effective local tissue concentrations
(15-60ng/g) in the descending colon, sigmoid and
rectum.?"2® Its reduced systemic activity leads to less
hypothalamic-pituitary-adrenal (HPA) axis suppres-
sion. Budesonide's systemic effects measured by
cortisol and white cell count changes are 2- to 4-fold
lower than those of beclomethasone dipropionate
after oral administration.?®2° This favourable safety
profile supports its use in localised ileocaecal CD and
EoE, while efficacy in extensive ulcerative colitis (UC)
is limited.°

In addition to favourable pharmacokinetics, bude-
sonide demonstrates a substantially higher gluco-
corticoid receptor binding affinity compared to
prednisolone, which contributes to its potent local anti-
inflammatory activity.®! Clinical studies have further
confirmed that budesonide achieves therapeutic effi-
cacy comparable to prednisolone in CD, but with a
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BUDESONIDE PHARMACODYNAMICS
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FIGURE 2 Budesonide pharmacodynamics: Shows the topical and systemic anti-inflammatory effects of budesonide. It binds to
glucocorticoid receptors, suppressing pro-inflammatory mediators. Systemic absorption undergoes hepatic metabolism via CYP3A4 into
inactive metabolites. BUD, budesonide; IL, interleukin; NF-xB, nuclear factor kappa; TNF-a, tumour necrosis factor.

lower incidence of systemic adverse effects due to its
extensive first-pass metabolism.3?

In EoE, budesonide acts locally in the oesophageal
mucosa by downregulating Th2 cytokines such as IL-5,
IL-13 and eotaxin-3. This reduces eosinophilic infiltra-
tion and inflammation, contributing to both clinical and
histological remission. Studies with oral viscous and
orodispersible budesonide confirm reductions in eosi-
nophil counts and cytokine markers, with minimal sys-
temic glucocorticoid activity in most patients.>*3° The
topical and systemic anti-inflammatory mechanisms of
budesonide are depicted in Figure 2.

2.3 | Indications and efficacy

Budesonide is indicated for mild to moderate CD, UC and
EOE in paediatric patients, depending on formulation and
regulatory approval. For CD, the ECCO-ESPGHAN [Eur-
opean Crohn's and Colitis Organisation-European Society
for Pediatric Gastroenterology, Hepatology, and Nutrition]
2020 guideline recommends budesonide as an alternative
to exclusive enteral nutrition (EEN) for induction in low-risk

patients with mild ileocaecal disease.®® In EoE, recom-
mended paediatric dosing has been suggested as 1 mg
twice daily for ages 1-8 years and either 2 mg once daily
or 1mg twice daily for ages 9-17 years. However, it is
important to note that no budesonide formulation is cur-
rently licensed for EoOE in patients under 18 years in Eur-
ope, and treatment in this age group frequently relies on
master formulas or home-compounded preparations. In
contrast, in the United States, an OVB formulation has
been approved for patients aged =12 years, with induction
therapy typically requiring 2mg twice daily.>” This high-
lights the discrepancy between guideline-recommended
dosing and the availability of licensed preparations across
different regions.

In paediatric UC, oral or rectal budesonide may
induce remission in mild left-sided or distal disease, but
is not first-line therapy. ESPGHAN/ECCO guidelines
favour systemic corticosteroids or 5-aminosalicylic acid
(5-ASA) for moderate to severe disease.®® Budesonide
may be used when 5-ASA is not tolerated or systemic
corticosteroids are contraindicated. Its maintenance
efficacy remains unproven, and rectal budesonide is
less effective than rectal 5-ASA.3°
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Although budesonide is first-line for microscopic
colitis in adults, its use in paediatric microscopic colitis
and autoimmune hepatitis is off-label and supported by
limited evidence.*%*

3 | EOSINOPHILIC ESOPHAGITIS

Several studies have evaluated the efficacy and safety
of OVB in paediatric EOE. In a retrospective study by
Aceves et al., 20 children (mean age 5.5 years) showed
significant improvement in eosinophil counts (from 87
to 7 eos/hpf), symptom scores (from 4.4 to 0.8), and
endoscopic findings. No significant adverse events
were reported, and cortisol levels remained within
normal range.*

Dohil et al. conducted a randomised, placebo-
controlled trial in 24 children, where 15 received OVB
and 9 placebo for 3 months. Budesonide significantly
reduced eosinophil counts (from 66.7 to 4.8 eos/hpf)
and improved symptom and endoscopic scores com-
pared to placebo.®

Oliva et al. and Warzecha et al. confirmed histolog-
ical remission following 8-12 weeks of OVB therapy in
small pilot cohorts. In a follow-up study, Oliva et al. en-
roled 20 patients (median age 10 years) in a 12-week
induction phase followed by a reduced-dose 12-week
maintenance phase. Histological remission (peak eosi-
nophils <6 eos/hpf) was achieved in 90% after induction,
with 85% maintaining remission at 24 weeks, but only
45% by week 36, indicating risk of relapse post-
treatment.®®'° Gupta et al. evaluated dose-ranging oral
budesonide suspension (0.35-2.8 mg twice daily) ver-
sus placebo in 71 children aged 2—18 years. Significant
histologic response (<16 eos/hpf) was observed in
medium- and high-dose groups, though symptom scores
did not differ significantly. No major adverse events were
reported.” Tambucci et al. assessed 12 weeks of OVB in
children with EoE and oesophageal atresia, showing
histological remission in 87.5% and improvement in
clinical and endoscopic features without reported safety
concerns.®

In 2024, the US FDA approved EOHILIA, a ready-
to-use oral budesonide suspension, for short-term
treatment of EoE in patients aged 11 years and older,
based on phase 3 data demonstrating clinical and
histological efficacy.”> ESPGHAN/NASPGHAN [North
American Society for Pediatric Gastroenterology, He-
patology, and Nutrition] guidelines also conditionally
recommend topical corticosteroids, including budeso-
nide, for selected cases of non-EoE eosinophilic gas-
trointestinal disorders (EGIDs).*®> The recent approval
of dupilumab for children aged =1 year with EoE has
significantly shifted the therapeutic paradigm.3®*4
Unlike budesonide, dupilumab targets the underlying
Th2-driven inflammatory pathway and has demon-
strated durable improvements in histology, symptoms

ey

and quality of life. Importantly, dupilumab avoids the
risk of HPA axis suppression associated with long-term
corticosteroid use.** However, considerations such as
high cost, need for subcutaneous injection, and limited
global availability currently restrict its universal adop-
tion. In clinical practice, budesonide remains an
accessible and effective first-line therapy for induc-
tion,%>* % whereas dupilumab may increasingly be
considered for patients with relapsing disease, steroid-
related side effects, or significant comorbid atopy.

While generally safe, rare cases of oesophageal or
oral candidiasis have been reported.*® Although multi-
ple studies demonstrate the efficacy of OVB in inducing
histological remission, the majority are small retrospec-
tive or pilot trials with limited follow-up (typically
<12 weeks). Few RCTs exist, and many studies rely on
surrogate endpoints such as eosinophil counts without
long-term clinical outcomes. This limits the gen-
eralisability of findings and underscores the need for
larger, multicentred RCTs with extended follow-up.

It is important to emphasise that studies evaluating
budesonide in paediatric EOE have used a variety of
formulations, including oral viscous suspensions, neb-
ulised solutions, OBTs and other compounded prepa-
rations. These formulations differ not only in dose but
also in vehicle composition, with many relying on
master formulas or home-prepared suspensions. Such
heterogeneity may contribute to variability in clinical
and histological outcomes reported across studies.*®
This underscores the need for standardised, commer-
cially available paediatric formulations to ensure
reproducibility and optimise therapeutic outcomes.

4 | PAEDIATRIC IBD

Budesonide presents a lower risk of side effects and
adrenal suppression (AS) compared to conventional
corticosteroids, making it a preferable option in
paediatric CD, especially considering the growth and
bone health concerns associated with prednisone.’

Levine et al. reported clinical response rates of
51.4% and remission in 42.9% with 9 mg/day of bude-
sonide, compared to 74.3% response and 65.7%
remission with 12mg/day. The higher dose also
showed greater reductions in C-reactive protein without
increased adverse effects or cortisol suppression.””

Cohen et al. conducted a multicentre trial evaluating
enteric-coated budesonide in children with mild to
moderate CD. Patients received either 9 or 6 mg daily
during an 8-week induction phase, followed by 6 mg
daily for 12 weeks of maintenance. Budesonide was
well tolerated, though 31.1% (32/103) had subnormal
morning cortisol after 8 weeks, indicating some risk of
AS. Remission (PCDAI<10) was achieved in 58.1%
during induction, but was not sustained during
maintenance.'?
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Growth retardation and reduced final height are
important concerns with corticosteroid use in children.
Studies suggest that budesonide induces similar
remission rates to prednisone but with fewer systemic
side effects and less HPA axis suppression.*®

Data from the Paediatric IBD Collaborative
Research Group Registry showed that budesonide was
used in 13% of newly diagnosed CD patients, mostly
within 30 days of diagnosis.’® It was used as mono-
therapy in only 5% of cases, with most patients
receiving it as part of combination therapy. While bu-
desonide remains a useful option for mild, low-risk
ileocecal CD,*® biologics such as infliximab are
increasingly recommended as first-line induction and
maintenance therapy in children with high-risk fea-
tures.®® Compared with budesonide, infliximab
achieves higher rates of sustained remission and
mucosal healing, but carries greater risks of immuno-
suppression and requires intravenous administration.
Thus, budesonide should be viewed as an induction
option for carefully selected, low-risk patients, whereas
biologics are prioritised in more aggressive disease
phenotypes.

In addition to individual randomised trials, system-
atic reviews and meta-analyses have evaluated bude-
sonide for induction and maintenance of remission
in CD,'2® including subanalyses in paediatric popu-
lations. While these provide pooled efficacy and safety
estimates, the present review focuses on summarising
data from individual RCTs and observational studies to
allow a more detailed consideration of study designs
and outcomes.

Although budesonide shows favourable safety
compared to systemic corticosteroids, most available
trials in paediatric CD are limited by modest sample
sizes and heterogeneity in endpoints. Maintenance
efficacy is less consistently demonstrated, reflecting
both study design variability and the challenges of long-
term adherence in children.

5 | UC

Data on budesonide use in paediatric UC are limited. In
general, budesonide is less effective than prednisolone
for inducing remission in mild to moderate UC, though it
is superior to placebo and mesalamine in some studies.
According to ESPGHAN guidelines, steroid enemas
are less effective than 5-ASA enemas (1g/day) in
paediatric distal colitis.>® Although rectal corticosteroid
preparations (e.g., budesonide or beclomethasone
foams/enemas) may offer benefit, most evidence
comes from adult trials, and paediatric data remain
sparse.?’

Adamczuk et al. evaluated nine paediatric UC pa-
tients (mean age 7.5 years) treated with budesonide
MMX for 8 weeks. Clinical remission was achieved in

77.7% by Week 4 and sustained through Week 8,
indicating good efficacy and tolerability.' In a larger
cohort, Meglicka et al. studied 31 paediatric UC pa-
tients (mean age 13.2 years) treated with budesonide
MMX for 2 months. Clinical remission (PUCAI<10)
occurred in 55%, endoscopic improvement in 73%, and
endoscopic remission in 40%. However, patients trea-
ted beyond 10 months experienced adverse events,
including weight gain and Cushingoid features, high-
lighting the risks of prolonged use.'®

Karolewska-Bochenek et al. followed 16 paediatric
UC patients (median age 14.5 years) with a median
disease duration of 18 months. Only one patient
achieved clinical remission after 8 weeks, suggesting
limited efficacy, although the treatment was well
tolerated.'®

Evidence in paediatric UC remains sparse and lar-
gely extrapolated from adult trials. The few paediatric
studies conducted to date are underpowered and vary
in treatment duration, making it difficult to draw firm
conclusions on long-term efficacy and safety.

6 | MICROSCOPIC COLITIS

Over the past two decades, microscopic colitis (MC)
has emerged as a common cause of chronic, non-
bloody diarrhoea in adults, with incidence rates
approaching those of UC and CD. Budesonide is the
most effective treatment for both collagenous colitis
(CC) and lymphocytic colitis (LC), with multiple RCTs
supporting its use for induction and maintenance of
remission.

In adults, remission rates of 85% and 77% have
been reported with budesonide, significantly out-
performing placebo.*” A meta-analysis confirmed a
pooled remission rate of 81% for induction therapy, and
extended treatment reduced recurrence, with one study
showing 61.4% of patients in remission at 12 months
versus 16.7% with placebo.*® Even low-dose mainte-
nance (e.g., 4.5mg/day) was effective and well
tolerated.*®

Adverse events were generally mild headache,
nausea, acne and corticosteroid-related effects such as
moon face and occurred at similar rates to placebo.
Enteric-coated formulations had minimal impact on
blood cortisol levels. Despite its efficacy, relapse upon
discontinuation is common, supporting the need for
tailored maintenance strategies.

European consensus guidelines recommend bu-
desonide as the first-line therapy for both induction and
maintenance of remission in MC, owing to its local anti-
inflammatory action and limited systemic absorption.*°

However, its use in paediatric MC remains off-label,
with little available data. By contrast, several small
studies in paediatric IBD populations (CD and UC)
suggest budesonide offers clinical benefit with a

95U8017 SUOWWOD SAIIER.D 3[dedl|dde sy Aq peusenob afe Sspie YO 8sn Jo Sajni Joj Akeiq1T8UIIUQ A1 UO (SUONIPUOD-PUR-SLLIBYWO A8 |Im Aleq 1 jBul[UO//SdNY) SUONIPUOD pue swe 1 8y} 88S *[9202/70/2z] Uo ARiqiTauliuo A8|im “0'0"d SSimseweyd Aq G202 eud(/zo0T 0T/10p/woo" A8 1M Aselqipuljuo//sdiy wolj pepeojumod ‘T ‘9202 ‘TOBrOEST



AZIZ ET AL.

favourable safety profile compared to systemic corti-
costeroids. Larger multicentre trials are needed to
clarify its role in paediatric MC and broader IBD care.

Although multiple RCTs confirm efficacy in adults,
the lack of paediatric data and reliance on small, ret-
rospective case series limits applicability in younger
populations. An overview of the dosing regimens, typ-
ical treatment durations and supporting levels of evi-
dence across the four major gastrointestinal indications
is presented in Table S1, highlighting important differ-
ences between disease contexts.

7 | SAFETY AND ADRENAL AXIS
SUPPRESSION IN BUDESONIDE
THERAPY

Budesonide, a potent glucocorticoid with high first-pass
metabolism, is favoured in paediatric IBD for its strong
local anti-inflammatory effects and reduced systemic
exposure. However, systemic absorption can still
occur, particularly when combined with CYP3A4
inhibitors like itraconazole. A study by Anjum and
Jakoby found HPA axis suppression in 44% of patients
co-treated with budesonide and itraconazole, under-
scoring the need for close monitoring.®’

AS is a known but often underrecognised compli-
cation of long-term corticosteroid therapy. Symptoms
may be nonspecific until physiological stress precipi-
tates an adrenal crisis marked by hypotension, hy-
poglycaemia, seizures, or coma. Inhaled budesonide
doses >1-1.5 mg/day have been linked to biochemical
AS in up to 46% of children with asthma. Despite
similar concerns, formal screening guidelines do not
exist for OVB.*?

Harel et al. demonstrated that 43% of 19 paediatric
EoE patients on OVB for =3 months showed abnormal
cortisol responses to ACTH stimulation, regardless of
dose, treatment duration, or concomitant inhaled ste-
roid use. Notably, two patients remained suppressed
even 2-6 months after discontinuing therapy. These
findings suggest a prolonged impact on adrenal func-
tion and highlight the need for routine screening in long-
term OVB users, particularly before surgery or during
severe iliness.*?

AS is a recognised concern with long-term bude-
sonide use, although its clinical relevance varies
depending on the formulation, dose, duration and
patient monitoring. Importantly, reported prevalence
rates depend on whether appropriate suppression tests
are employed. In EoE, a meta-analysis by Philpott et al.
demonstrated that topical corticosteroid therapy,
including budesonide, was associated with an
increased risk of AS, though often subclinical and
reversible. These findings underscore the need for
careful monitoring when budesonide is used chronically
in paediatric populations.®®>

ey -

The ACTH stimulation test remains the most sen-
sitive diagnostic tool, while morning cortisol levels
have limited sensitivity (~60%). Preventive strategies
should include dose tapering, perioperative stress
dosing with hydrocortisone (30-50 mg/m?/day) and
patient/caregiver education. Systemic corticosteroid
exposure from other sources (e.g., inhaled, topical,
and nasal) and altered CYP3A metabolism in EoE
may also contribute to interpatient variability and
risk.>3%* Given the absence of specific guidelines,
further research is needed to establish safe monitoring
protocols and compare OVB with alternatives like
fluticasone.

When weighed against newer biologics, budeso-
nide offers advantages of oral/topical administration
and relative affordability, but lacks the long-term
disease-modifying potential of agents such as in-
fliximab in CD®® or dupilumab in EoE.383%%4 Thus, its
role may best be defined as a short-term induction
therapy in mild to moderate disease, with biologics
reserved for high-risk or refractory cases.

8 | CONCLUSION

Despite its favourable safety profile compared to sys-
temic corticosteroids, budesonide is not without risk.
Long-term use, particularly in children, can lead to
adverse events such as HPA axis suppression, growth
retardation and, rarely, metabolic complications.
Therefore, its use should be closely monitored, with
attention to cumulative steroid exposure and the
potential need for adrenal function assessment in long-
term users.

Multiple studies support the efficacy of OVB in
paediatric EoE, showing both histological and clinical
remission. Despite small sample sizes, findings con-
sistently report reductions in eosinophil counts along-
side improvements in symptoms and endoscopic
appearance, underscoring its safety and effectiveness.
However, variability in maintaining long-term remission
remains a concern.

Emerging off-label use of crushed or opened bu-
desonide capsules for EGIDs beyond the oesophagus
offers promising outcomes. Preliminary evidence sug-
gests benefits in reducing gastric eosinophilic inflam-
mation while limiting systemic steroid exposure and
easing dietary restrictions, although further research is
needed to confirm long-term safety and efficacy.

Overall, while budesonide demonstrates efficacy
across several gastrointestinal disorders, the current
evidence base is heterogeneous. Many paediatric
studies are constrained by small sample sizes, short
follow-up, or nonrandomised designs, necessitating
cautious interpretation. Future large-scale, multicentre
randomised trials will be essential to establish robust
long-term efficacy and safety profiles.
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