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Summary
Background: The use of biologics in paediatric- onset inflammatory bowel disease 
(PIBD) is rapidly changing.
Aims: To identify the incidence and prevalence of biologic use within Scottish PIBD 
services, and to describe patient demographics and outcomes for those patients who 
required escalation of therapy beyond anti- tumour necrosis factor alpha (anti- TNFα) 
agents
Methods: We captured a nationwide cohort of prospectively identified patients less 
than 18 years of age with PIBD (A1 phenotype; diagnosed <17 years of age) within 
paediatric services over a 4.5- year period (1 January 2015– 30 June 2019). All pa-
tients who received infliximab, adalimumab, vedolizumab or ustekinumab during 
the study period and/or received their first dose of these biologics were audited 
retrospectively.
Results: Scotland- wide PIBD- prevalence cases increased from 554 to 644 over the 
study period. A total of 495 incident new- start biological therapies were commenced 
on 403 PIBD patients: 295 infliximab (60%), 161 adalimumab (32%), 24 vedolizumab 
(5%) and 15 ustekunumab (3%). The proportion of new- start biologics changed with 
infliximab initiation rates decreasing (87%– 54%) while adalimumab (13%– 31%), ved-
olizumab (0%– 9%) and ustekinumab (0%– 6%) all increased. The incidence rate (first 
dose of new biologic not including biosimilar switch) increased from 6.9% to 8.1% 
over the study period and point prevalence rates (any biologic use) increased from 
20.2% to 43.5% - an average annual percentage increase of 20%. Biosimilar penetra-
tion of new- start anti- TNFα agents increased from 3% to 91%. Demographics and 
outcomes of those patients receiving vedolizumab and ustekinumab were similar.
Conclusions: Complete accrual of Scottish nationwide biologic usage within paedi-
atric services demonstrates a rapidly changing, inexorably increasing PIBD biologics 
landscape.
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1  | INTRODUC TION

Inflammatory bowel disease (IBD) comprises Crohn's disease (CD), 
ulcerative colitis (UC) and inflammatory bowel disease unclassified 
(IBDU). Approximately 8% of all patients are diagnosed in childhood or 
adolescence,1,2 with paediatric- onset IBD (PIBD) known to demonstrate 
a more severe phenotype, characterised by extensive intestinal involve-
ment and rapid early disease progression.3 The incidence of PIBD has 
risen rapidly over the last two decades,4 with Scotland demonstrating 
the highest incidence of PIBD in the United Kingdom and one of the 
highest worldwide.5 Robust epidemiological data on medical thera-
pies used to treat IBD is, therefore, vital to planning current and future 
health care provision within both paediatric and adult IBD services.

Infliximab (IFX), an anti- tumour necrosis factor alpha (anti- TNFα) 
biologic, has been used off- label in PIBD since the late 1990s with 
official licencing delayed until 2010.6,7 It has revolutionised the clin-
ical management of PIBD by demonstrating improved long- term dis-
ease outcomes with early intensified therapy, especially for high- risk 
patients.8 Biologic therapies beyond anti- TNFα have subsequently 
become available with different modes of action, improved safety 
profiles and more convenient home care options. Anti- TNFα biosim-
ilars have also been developed, helping to overcome significant cost 
pressures. In general, PIBD treatment guidelines have become more 
permissive of earlier and more widespread biologic use over time.9,10

The use of biologics in PIBD is therefore rapidly changing, with 
both clinical and resource implications for paediatric services and 
follow- on effects when these patients transition to adult care. At 
present, no nationwide paediatric data is available to objectively 
capture this shifting landscape and its potential effect on healthcare 
resources. Using our ongoing Scottish PIBD biologicals registry, we 
aimed to identify the incidence and prevalence of biologic use within 
Scottish PIBD services, as well as describe patient demographics and 
outcomes in more detail for those patients who commenced vedoli-
zumab (VDZ) or ustekinumab (UST).

2  | METHODS

Scotland has a population of approximately 5.4 million people with the 
majority of inhabitants Caucasian and 18% aged less than 17 years.11 
Within Scotland, specialist paediatric gastroenterology, hepatology, 
and nutrition (PGHAN) services are coordinated through three ter-
tiary academic centres (Glasgow, Edinburgh, and Aberdeen), which 
act as regional referral hubs covering all district general hospitals 
nationwide. All centres maintain prospective registries of incident 
and prevalent PIBD patients, as well as detailed biologic prescription 
data for our Scottish PIBD Biologics Registry. Paediatric gastroen-
terology patients are prescribed and administered biologics exclu-
sively within the publicly funded National Health Service (NHS) and 
all patients are provided with a unique community health index (CHI) 
number to ensure accurate identification and linkage across health 
services and to avoid potential duplication.12

A nationwide cohort of prospectively identified PIBD cases 
less than 18 years of age with paediatric- onset IBD (A1 pheno-
type; diagnosed <17 years of age) were captured within paediatric 
services over a 4.5- year period (1 January 2015– 30 June 2019) 
divided in to 6- month epochs for statistical analysis. Cases were 
individually validated via review of electronic medical records to 
ensure they met internationally recognised diagnostic guidelines 
for PIBD according to the revised Porto criteria.13 All patients who 
received IFX, adalimumab (ADA), VDZ or UST within the study pe-
riod and/or received their first dose of these biologics were retro-
spectively audited.

Patient demographics and biologic start/stop date were col-
lected for each patient. Biosimilar penetration for IFX and ADA was 
defined as the percentage of patients on originator versus biosimilar 
drug at any time point. Those who commenced VDZ or UST during 
the study period had further epidemiologic information collected 
including disease phenotype, previous medical treatments, and de-
scriptive outcome data (to study completion 30 June 2019). Serious 
adverse outcomes of biological therapy were defined as death, 
cancer, macrophage activation syndrome/haemophagocytic lym-
phohistiocytosis, severe sepsis (septicaemia or meningitis) requiring 
intensive care admission and opportunistic infection (tuberculosis, 
pneumocystis pneumonia, invasive fungal infection) requiring hos-
pital admission. Descriptive statistics were presented as median and 
interquartile range (IQR). Point prevalence for PIBD was calculated 
on 30 June each year and the proportion of prevalent patients on 
biological therapy as crude percentages. Joinpoint regression soft-
ware (Statistical Research and Applications Branch, National Cancer 
Institute) was used to calculate point prevalent rates of biologic use, 
model the temporal trend and calculate the average annual per-
centage change and p- value (<0.05 considered significant). Ethical 
approval was not required for this observational study of service 
delivery.

3  | RESULTS

3.1 | Incident (new- start) biologic treatments

In total, 495 incident biological therapies were commenced on 403 
PIBD patients over the study period. The number of patients com-
menced on a new biologic therapy increased overall from 38 to 52 
between the first and last 6- month epochs, with a maximum num-
ber of 74 new- start patients. When increasing numbers of preva-
lent patients are considered, the overall incidence rate increased 
only moderately from 6.9% to 8.1% (Table 1). Biologic naïve pa-
tients were commenced on anti- TNFα therapies only, with VDZ 
and UST reserved as second-  or third- line biologics. Patient demo-
graphics were comparable for biologic naïve patients commenced 
on IFX or ADA (Table 2). An increasing proportion of biologic naïve 
patients commenced on ADA, from 0% to 21% over the study pe-
riod (Table 3).
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3.2 | Biologic type and biosimilar use

Anti- TNFα medications constituted the majority of new- start thera-
pies; 295 IFX (60%), 161 ADA (32%). In total, 24 patients were com-
menced on VDZ (5%), and 15 patients on UST (3%). The proportion of 
patients commenced on each biologic type changed over time with 
IFX initiation rates decreasing (87%– 54%) while ADA (13%– 31%), 
VDZ (0%– 9%) and UST (0%– 6%) all increased (Figure 1). Biosimilar 

penetration of anti- TNFα biologics increased from 3% to 91% be-
tween the first and last 6- month epochs (Figure 2).

3.3 | Prevalent biologic treatments

The overall number of point prevalent PIBD patients increased from 
525 to 586 during the study period. Point prevalent rates of current 

TA B L E  1   New- start biologic treatments (incident cases)

6- month epochs IFX ADA VDZ UST
New 
starts

Prevalent 
PIBD cases

Incidence 
rate (%)

Epoch 1 (1 January 2015– 30 June 2015) 33 5 0 0 38 554 6.9

Epoch 2 (1 July 2015– 31 December 2015) 21 13 1 0 35 585 6.0

Epoch 3 (1 January 2016– 30 June 2016) 42 11 2 0 55 591 9.3

Epoch 4 (1 July 2016– 31 December 2016) 37 25 1 0 63 622 10.1

Epoch 5 (1 January 2017– 30 June 2017) 51 18 4 1 74 629 11.8

Epoch 6 (1 July 2017– 31 December 2017) 27 19 2 1 49 633 7.7

Epoch 7 (1 January 2018– 30 June 2018) 31 27 5 2 65 626 10.4

Epoch 8 (1 July 2018– 31 December 2018) 25 27 4 8 64 620 10.3

Epoch 9 (1 January 2019– 30 June 2019) 28 16 5 3 52 644 8.1

Total 295 (60%) 161 (32%) 24 (5%) 15 (3%) 495 — — 

Abbreviations: ADA, adalimumab; IFX, infliximab; PIBD, paediatric- onset inflammatory bowel disease <17 years of age; UST, ustekinumab; VDZ, 
vedolizumab.

Patient demographics IFX ADA

Number (incident cases) 285 78

Age in years (median, IQR) 12.1 (9.7– 14.1) years 12.7 (10.5– 14.3) years

Disease duration prior to the first dose in 
years (median, IQR)

1.1 (0.3– 2.6) years 0.9 (0.2– 1.9) years

PIBD subtype 213 CD: 47 UC: 25 IBDU 65 CD: 7 UC: 6 IBDU

Extensive disease (L3 or E4 Paris 
classification)

171 (60%) 52 (67%)

Abbreviations: ADA, adalimumab; IFX, infliximab; IQR, interquartile range; PIBD, paediatric- onset 
inflammatory bowel disease <17 years of age; anti- TNFα –  anti- tumour necrosis factor alpha.

TA B L E  2   Demographics for new- start 
biologics in biologic naïve patients

TA B L E  3   New- start biologics in biologic naïve patients

6- month epochs IFX ADA VDZ UST
New 
starts

Epoch 1 (1 January 2015– 30 June 2015) 30 (100%) 0 0 0 30

Epoch 2 (1 July 2015– 31.12.2015) 20 (87%) 3 (13%) 0 0 23

Epoch 3 (1 January 2016– 30 June 2016) 41 (89%) 5 (11%) 0 0 46

Epoch 4 (1 July 2016– 31 December 2016) 35 (76%) 11 (24%) 0 0 46

Epoch 5 (1 January 2017– 30 June 2017) 48 (86%) 8 (14%) 0 0 56

Epoch 6 (1 July 2017– 31 December 2017) 27 (77%) 8 (23%) 0 0 35

Epoch 7 (1. January 2018– 30 June 2018) 32 (68%) 15 (32%) 0 0 47

Epoch 8 (1 July 2018– 31 December 2018) 25 (54%) 21 (45%) 0 0 46

Epoch 9 (1 January 2019– 30 June 2019) 27 (79%) 7 (21%) 0 0 34

Total 285 (79%) 78 (21%) 0 0 363

Abbreviations: ADA, Adalimumab; IFX, Infliximab; UST, Ustekinumab; VDZ, Vedolizumab.
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biologic therapy usage increased from 20% on 30 June 2015 to 44% 
on 30 June 2019 (p = 0.008); an average annual percentage increase 
of 20% (Figure 3).

3.4 | Vedolizumab use

Patients commenced on VDZ (n = 24) had a median age 14.5 years 
(IQR 12.4– 15.8) and median disease duration of 3.1 years (IQR 
1.9– 4.6) prior to the first dose. Breakdown of PIBD subtypes was 
10 CD; 10 UC; 4 IBDU. Bridging therapy was used for all VDZ in-
duction regimens: 16 tacrolimus; 5 prednisolone, 2 adalimumab; 
1 exclusive enteral nutrition. 18 (75%) patients commenced on 
VDZ had extensive disease (L3 or E4 Paris classification), all 24 
patients had previously failed one anti- TNFα biologic includ-
ing 8 (33%) that had failed both anti- TNFα therapies. Following 
commencement of VDZ therapy; 14 (58%) required dose esca-
lation with shortened dosing interval, 7 (29%) patients stopped 
therapy for primary non- response or adverse reaction at me-
dian 3.7 months (IQR 1.6– 10.7) and 6 (25%) patients required 

surgery after commencing VDZ (Table 4). Adverse reactions were 
recorded for three patients including lower limb bruising, hal-
lucinations, and severe itch. VDZ was stopped in all cases with 
resolution of symptoms.

3.5 | Ustekinumab use

Patients commenced on UST (n = 15) had a median age of 15.6 years 
(IQR 13.7– 16.1) and median disease duration of 4.3 years (IQR 2.5– 
6.1). A total of 14 patients had CD and one patient IBDU favouring 
CD. 12 (80%) of patients had extensive disease (L3 or E4 Paris clas-
sification), all 15 patients had previously failed one anti- TNFα biologic 
including 10 (67%) who had failed both anti- TNFα therapies. Following 
commencement of UST therapy; 8 (53%) required dose escalation with 
shortened dosing interval, 7 (47%) patients stopped therapy for pri-
mary non- response at median 6.5 months (IQR 4.8– 7.3) and 5 (33%) 
patients required surgery after commencing UST (Table 4). An adverse 
reaction was recorded for one patient only as a severe itch, which did 
not require cessation of UST.

F I G U R E  1   Proportion of incident 
new- start biologics. IFX, Infliximab; ADA, 
Adalimumab; VDZ, vedolizumab; UST, 
ustekinumab.

F I G U R E  2   Biosimilar penetration anti- 
TNFα. IFX, infliximab; ADA, adalimumab.
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3.6 | Safety

No serious adverse outcomes associated with biologic use in PIBD 
patients within Scotland were reported during the study period.

4  | DISCUSSION

Scottish nationwide biologic usage within paediatric services dem-
onstrates a rapidly changing PIBD treatment landscape. We have 
demonstrated a significant increase in the number of prevalent pa-
tients on biologic therapy (from 20% to 43%) in just 4 years, a near- 
complete shift to biosimilar anti- TNFα therapy (from 3% to 91%) and 
increasing use of VDZ and UST, both of which remain unlicensed for 
PIBD. This dramatic shift is unlikely to reflect a significant change in 

disease severity given the short 4- year timeframe of this study, or a 
major change in practice of any single practitioner or centre given 
the use of nationwide data covering three tertiary hospitals. To our 
knowledge this is the first study to capture nationwide, population- 
based data of biologic use in paediatric IBD in the era of anti- TNFα 
biosimilars and biologic therapies with different modes of action be-
yond anti- TNFα.

Since their initial introduction, biologics have revolutionised the 
clinical management of IBD, encouraging a focused move towards 
a treat- to- target approach with early intensified therapy to im-
prove disease outcomes.8 IFX and ADA have been licensed for use 
in PIBD in the United Kingdom since 2010 and 2013, respectively.6 
Increasing utilisation of anti- TNFα therapy has been captured in a 
Canadian population- based study demonstrating 13% CD and 4.9% 
UC patients prescribed anti- TNFα therapy in 2010, increasing to 

F I G U R E  3   Point prevalent rates 
of biologic use. AAPC, average annual 
percentage change.

Patient demographics and outcomes VDZ UST

Number (incident cases) 24 15

Age in years (median, IQR) 14.5 (12.3– 15.8) years 15.6 (13.7– 16.1) years

Disease duration prior to first dose in 
years (median, IQR)

3.1 (1.9– 4.6) years 4.3 (2.5– 6.1) years

PIBD subtype 10 CD: 10 UC: 4 IBDU 14 CD: 1 IBDU

Extensive disease (L3 or E4 Paris 
classification)

18 (75%) 12 (80%)

Failed 1 vs 2 anti- TNFα therapies 24 (100%) vs 8 (33%) 15 (100%) vs 10 (67%)

Dose escalation required 14 (58%) 8 (53%)

Cessation of therapy for primary non- 
response or adverse reaction

7 (29%) 7 (47%)

Duration of therapy prior to cessation 
for primary non- response or 
adverse reaction in months 
(median, IQR)

3.7 (1.6– 10.7) months 6.5 (4.8– 7.3) months

Required surgery after 
commencement

6 (25%) 5 (33%)

Ongoing therapy at study completion 
date June 302019

11 (46%) 8 (53%)

Abbreviations: IQR, interquartile range; PIBD, paediatric- onset inflammatory bowel disease 
<17 years of age; anti- TNFα –  anti tumour necrosis factor alpha; UST, Ustekinumab; VDZ, 
Vedolizumab.

TA B L E  4   Vedolizumab vs Ustekinumab 
patient demographics and outcomes
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60% CD and 25.5% UC by 2016.14 Within Scotland almost half of 
all PIBD patients were on biologics by the completion of our study, 
equating to an average annual increase of 20%. This rapid increase 
pre- dates the most recent joint ECCO- ESPGHAN guidelines for CD 
and UC which are more permissive in supporting earlier and more 
widespread biologic use.9,10

Anti- TNFα medications constituted the majority of all new- start 
biologics with 60% of patients commencing IFX and 32% ADA. Over 
the study period the proportion of patients commencing IFX was 
noted to decrease (87% to 54%), whereas the proportion of patients 
commencing ADA increased (13%– 31%). Although this result may be 
partly driven by patients switching from IFX within class secondary 
to antibody formation, our treatment naïve data demonstrates that 
some clinicians within Scotland are increasingly using ADA as first 
line biologic therapy. This likely relates to multiple factors includ-
ing increasing clinician familiarity, subcutaneous mode of delivery 
(allowing at home care options) and difference in immunogenicity.15

Significant cost pressures related to anti- TNFα prescription 
were highlighted in a 2015 review of anti- TNFα therapy for PIBD 
in Scotland, related to both drug cost and the need for dose esca-
lation in 32% and 66% of patients on maintenance IFX and ADA.16 
Quantified real- world data from the USA has demonstrated the av-
erage paediatric biologic- taking patient cost at $41,109 per year in 
2015, increased from $23,616 in 2007 and outpacing the increasing 
cost of biologics in adult patients.17 Biosimilar IFX was approved for 
use in PIBD by the European Medicine Agency in 2015; however, 
guidelines advised caution due to concerns over efficacy and the 
potential for increased immunogenicity.18 Early Scottish data pub-
lished in 2018 demonstrated equivalent effectiveness, no significant 
safety issues and a 38% cost reduction through use of biosimilar 
IFX.19,20 Switching patients to biosimilar anti- TNFα therapy has 
therefore continued, primarily as a cost- saving measure, with cur-
rent data demonstrating that over a 4- year period a near- complete 
shift to biosimilar anti- TNFα has now occurred within Scotland (in-
cluding new- starts plus switching from bio- originator to biosimilar) 
with biosimilar penetration of anti- TNFα biologics increasing from 
3% to 91%. Although not formally quantified, this may have contrib-
uted to cost savings nationally.

The increased availability and proactive use of therapeutic drug 
monitoring, much of which occurred over the study period, is likely 
to have influenced biologic prescribing. Therapeutic drug monitor-
ing is increasingly used to optimise drug dosing and can provide an 
objective measure supporting loss of response. This has improved 
clinical decision- making around the need to modify therapy for 
those patients on anti- TNFα biologics not responding to dose opti-
mised treatment.9,10 VDZ and UST are biologic therapies with dif-
ferent modes of action, currently used off- licence in paediatrics and 
therefore reserved for those children with primary non- response or 
secondary loss of response to anti- TNFα. These additional biologics 
offer an important opportunity to escalate as well as individualise 
therapy to include consideration of factors such as patient tolerance, 
patient, and family preference, altered bioavailability and dosing reg-
iments, monotherapy options and consideration of long- term safety. 

Subcutaneous formulations of IFX and VDZ were not available within 
this study timeframe; however, these preparations will likely con-
tinue to shift the biologic landscape within PIBD in the next decade.

Demographic characteristics of those commenced on VDZ and 
UST within our Scottish cohort were similar, with median age ap-
proximately 15 years, extensive disease phenotype in at least three 
quarters of patients and all having failed at least one anti- TNFα 
therapy. Adult studies have repeatedly demonstrated that there is a 
stepwise reduced response rate with second-  and third- line biolog-
ics.21,22 It is, therefore, not surprising that the measured outcomes 
within this treatment- resistant paediatric population with extensive 
disease were generally low. We have demonstrated that 58% of 
PIBD patients on VDZ versus 53% on UST required dose escalation, 
29% versus 47% ceased therapy for primary non- response and 25% 
versus 33% required surgery. All treatment decisions were at the 
discretion of the treating team and outcomes based on steroid and 
exclusive enteral nutrition free remission were unable to be deter-
mined within this retrospective descriptive study.

Our complete accrual of Scottish nationwide biologic usage 
within paediatric services demonstrates a rapidly changing PIBD 
biologics treatment landscape, with inexorably increasing PIBD bi-
ologics exposure. For children's health services, the increasing bi-
ologic exposure of PIBD patients raises issues of medication costs, 
access to medications often used off licence, and increased special-
ist nursing and infusion centre requirements. The increased com-
plexity and close follow- up required for PIBD patients exposed to 
multiple biologics will impact senior clinician workloads and must 
also be addressed within training programs. Importantly, all impacts 
will also extend beyond paediatric services, with patients now being 
transitioned to adult centres having potentially trialled all available 
PIBD biologic therapies. This new biological landscape will therefore 
increase the importance of formal transition, ideally with a period of 
joint paediatric and adult care, to ensure optimised use of appropri-
ate biologic therapies prior to any escalation that may affect future 
decision- making.
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