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Purpose: Adalimumab biosimilars are increasingly used in paediatric Inflammatory Bowel Disease (PIBD), but data remain limited.
This study assessed their durability, efficacy, safety and cost implications in PIBD.

Patients and Methods: Consecutive PIBD patients who started adalimumab biosimilars between October 2018 and December 2023
at two centres in Scotland and Italy, with at least 6 months follow-up, were included. Demographic, disease, treatment, and adverse
event data were collected. Disease activity was assessed at baseline, 6, 12, 24, 36 months, and at last follow-up. Durability was
evaluated using Kaplan-Meier analysis.

Results: In total 130 patients (81 males; median age 12.3 years) were included (115 Crohn’s Disease, 7 Ulcerative Colitis, 8 IBD
unclassified). The biosimilars were ABP 501 (85%), GP2017 (14%), SB5 (1%); 41 (32%) patients switched from originator. After
a median follow-up of 26 months, 87/130 (67%) patients remained on biosimilars, while 43 discontinued at a median of 14 months.
Durability probabilities were 93%, 86%, 75%, 62%, and 57% at 6, 12, 24, 36, and 54 months, respectively. Patients previously
exposed to ADA originator had a lower risk of biosimilar failure (hazard ratio, adjusted for age at diagnosis: 0.51 [95% confidence
interval: 0.26-0.99], p=0.047). Trough levels >11.6 pg/mL at 6 months were associated with greater durability (4UC=0.68, p=0.007).
Adverse events occurred in 46/130 patients, mainly psoriasis and injection site reactions (13% each), with one lymphoma. Estimated
cost savings were 5,030€ per patient/year.

Conclusion: This real-life study demonstrated high durability and remission rates for adalimumab biosimilars in PIBD, confirming
their clinical, cost-effectiveness and safety profile in children.
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Introduction

The treatment of Inflammatory Bowel Disease (IBD) has radically changed over the past few decades, driven by
significant advances in the understanding of its pathogenesis and the development of targeted therapies, particularly
biologic agents. Tumour necrosis factor-a (TNF-a) antagonists were the first biologic drugs approved for IBD treatment.
Adalimumab (ADA) is a fully humanised IgG1 monoclonal antibody with high affinity for TNF-a. Its use has increased
among IBD patients, both adults and children, in recent years.! Although highly effective,” biologic medications are
expensive and constitute a substantial portion of healthcare costs.” Humira® (AbbVie Biotechnology GmbH,
Ludwigshafen, Germany) was the first ADA introduced to the market, also known as the “originator” or “reference
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medicine”, and the patent expired in Europe in October 2018, leading to the development of biosimilars. ABP 501
(Amgevita®, Amgen Europe B.V., Breda, The Netherlands) was the first ADA biosimilar approved in Europe.

To date, few observational studies have examined the use of ADA biosimilar in adult IBD patients, reporting similar
safety and effectiveness to the ADA originator,™ even after switching.®'> As for the paediatric population, Dipasquale
et al recently described their real-life experience with the short- and medium-term effectiveness and safety of ADA
biosimilar in 41 paediatric IBD (PIBD) patients.'® Their findings showed high treatment persistence rates (85% at 1 and 2
years) and a low incidence of non-serious adverse events (AEs) (10%), although with some limitations due to the small
sample size and relatively short follow-up.

Given this lack of evidence, this study aimed to assess the long-term durability of ADA biosimilars in PIBD, with
follow-up lasting up to 72 months, as well as their effectiveness, safety and cost implications. Durability can be

. . . . 1
considered a general marker of treatment success, as it reflects overall effectiveness, AEs, and patient acceptance.'’

Materials and Methods
Study Design and Population

This was an observational, retrospective cohort (two-centre) study, conducted at the Royal Hospital for Children and
Young People in Edinburgh (South East Scotland regional service, with a total population of 1.4 million and complete
accrual of all PIBD diagnoses before 16 years of age) and Gaslini Children’s Hospital in Genoa (Liguria regional service,
with a total population of 1.5 million and referral centre for PIBD diagnosis before 18 years of age, including referrals
from other regions of Italy). We included all PIBD patients who started ADA biosimilars at any point during their disease
course between October 2018 and December 2023, with a minimum follow-up period of 6 months to 30 June 2024. PIBD
was diagnosed according to the Porto Criteria.'® The study end was defined as ADA biosimilar discontinuation,
emigration from the region, or 30 June 2024.

Data Collection

Demographic data, including sex and age at diagnosis, and baseline disease characteristics, such as location and
behaviour according to the Paris classification,'® extraintestinal manifestations, IBD-related surgeries, and previous
treatments, were recorded from July to August 2024. Data on ADA biosimilar treatment included age at initiation,
concomitant medications, dose escalation, and treatment duration. Disease activity was assessed at baseline, at the end of
induction (if applicable), at 6, 12, 24 and 36 months, and at the end of follow-up (if not coinciding with the
aforementioned timepoints). Specifically, clinical status was assessed using disease activity scores; the Paediatric
Crohn’s Disease Activity Index (PCDAI)*° for patients with Crohn’s Disease (CD), and the Paediatric Ulcerative
Colitis Activity Index (PUCAI)*! for those with Ulcerative Colitis (UC) and IBD unclassified (IBDU). When not
reported in the electronic medical records, PCDAI and PUCAI were retrospectively calculated. Additionally, biochem-
ical/haematological status was monitored at each follow-up through haemoglobin (Hb), erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), and faecal calprotectin (FC) levels. Serum ADA trough levels and anti-ADA antibodies
were also collected, when available. The permitted timeframe for blood and stool tests was from 1 month before to 1
month after the specified timepoints. AEs were monitored throughout the entire follow-up period. Radiologic (abdominal
ultrasound and magnetic resonance imaging), endoscopic and histologic activity data were also recorded, when available.
Due to the limited availability of endoscopic data, mucosal healing (MH) rates in CD patients were estimated using the
Mucosal Inflammation Non-invasive (MINI) Index, a validated non-invasive index for assessing MH in children with
CD. The MINI index ranges from —3 to 25, with a value less than 8 indicating MH.*

We also evaluated drug-related costs, based on data from the Scottish Drug Tariff and Italian Medicines Agency.
Costs were determined using the market value at the time of biosimilar use (Amgevita®, Hyrimoz® and Imraldi®). Cost
savings were calculated by comparing the total costs of biosimilars (based on the number of pens/syringes used during
the follow-up period) to the equivalent costs of the originator (for the same quantity of pens/syringes). All costs were
converted to Euros, according to the exchange rate as of 30 July 2024.
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ADA Trough Levels and Antibodies

In the Scottish cohort, serum ADA trough levels and anti-ADA antibodies were quantitatively measured using an
Enzyme-Linked Immunosorbent Assay (Promonitor® ELISA assay, Grifols S.A., Barcelona, Spain) provided by the
Scottish Biologic Therapeutic Drug Monitoring Service. The working range for ADA trough levels was <0.4 pg/mL as
the lower limit and >12 pug/mL as the upper limit. Dilution of drug levels was performed upon physician request, and
non-diluted ADA levels >12 ug/mL were approximated to 12 pg/mL. The ADA-antibody assay was only conducted
when ADA trough levels were <5 pg/mL. The working range for the ADA-antibody assay was <10 and >200 AU/mL as
the lower and upper limits, respectively; anti-ADA antibodies >10 AU/mL were considered positive.

In the Italian cohort, serum ADA trough levels and anti-ADA antibodies were measured at Gaslini Children’s
Hospital using the Quantum Blue® kit (BUHLMANN Laboratories AG, Schénenbuch, Switzerland). The working
range for ADA trough levels was <1.3 ug/mL as the lower limit and >35 pg/mL as the upper limit. Anti-ADA antibodies
were measured independently of drug levels, using a qualitative assay, with results reported as negative for concentra-
tions <0.2 pg.,/mL or positive for concentrations >0.2 pg.,/mL.

Outcomes

The primary aim was to evaluate the long-term durability of ADA biosimilars in PIBD, defined as consistent treatment
without the need for IBD-related surgery, switching back to the originator, discontinuing ADA biosimilars, or starting
another advanced therapy (biological or small molecules). Specifically, we assessed the probability of durability at 6, 12,
24 and 36 months after the initiation of ADA biosimilars.

Secondary outcomes included: 1) the identification of predictive factors for ADA biosimilar failure; 2) an evaluation
of the efficacy of ADA biosimilars in achieving clinical and luminal remission (clinical remission was defined as PCDAI
or PUCAI <10, while luminal remission was defined as FC <100 pg/g combined with clinical remission); and 3) an
analysis of the safety of ADA biosimilars (AEs were defined as any unwanted or harmful medical occurrences in patients
following the initiation of ADA biosimilars, potentially related to the treatment).

Primary non-response was defined as the failure to achieve clinical improvement after completing the induction
course in the presence of therapeutic drug levels, whereas secondary loss of response was defined as the recurrence of
symptoms after an initial clinical benefit.

Statistical Analysis

Categorical variables were presented as frequencies and percentages, while continuous variables as median and inter-
quartile range (IQR), as appropriate. Categorical variables were compared using the Chi-square test, and continuous
variables were compared using the Mann—Whitney test for non-parametric data. The association between demographic
and baseline characteristics and ADA biosimilar failure was investigated using univariate Cox proportional hazard
regression analysis, then adjusted for age at diagnosis. The probability of durability at 6, 12, 24 and 36 months from
treatment initiation was calculated using Kaplan-Meier survival curves. The Cox proportional hazards model was used to
analyse differences between subgroups over time. The Schoenfeld test was applied to ensure the proportional hazards
assumption was not violated. The Youden index method, derived from ROC curve analysis, was used to identify the cut-
off for drug through levels predictive of ADA failure. Missing data were managed using pairwise deletion. A p-value
<0.05 was considered statistically significant. All statistical analyses were performed using SPSS (version 25; IBM
Corporation) and RStudio (version 2022.02.03, Build 492).

Results

One-hundred thirty-six patients started ADA biosimilars between October 2018 and December 2023; however, six
patients were excluded due to a follow-up period of less than 6 months. Thus, a total of 130 patients on ADA biosimilars
were included in the study: 88 (67%) from Edinburgh and 42 (32%) from Genoa. The majority of patients were male
(n=81, 62%), and the median age at diagnosis was 12.3 years (IQR 10.0-14.3). Of these, 115 (88%) had CD, 7 (5%) had
UC, and 8 (6%) had IBDU. Forty-one (31%) patients were on concomitant immunosuppressive treatment (thiopurines or
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methotrexate), and 41/130 (31%) were switched from the originator after a median time of 15 months (IQR 11.0-25.5)
on the ADA originator. Among those who switched, 33 (80%) were in clinical remission, and 16 (39%) were in luminal
remission. Seventeen (13%) patients had previously received infliximab (IFX), with a median IFX treatment duration of
12 months (IQR 5.0-22.0); reasons for discontinuation included primary nonresponse (n=5), secondary loss of response
(n=9) (with four cases related to immunogenicity), allergy (n=1) and compliance issues (n=3) such as venous access
difficulties, refusal, or travel-related concerns. Baseline characteristics are summarized in Tables 1 and previous
treatments are reported in Supplementary Table 1.

Table | Baseline Characteristics of the Study Population (n=130)

All Cohort (n=130) | ADA Biosimilar | Switch from ADA
Induction (n=89) | Originator (n=41)
Sex (male) 81 (62.3%) 55 (61.8%) 26 (63.4%)
Age at diagnosis (years) 12.3 [10.0-14.3] 12.3 [10.2-14.5] 12.2 [9.7-14.0]
Age at ADA biosimilar start (years) 14.2 [11.7-15.8] 13.6 [11.6—15.6] 15.2 [12.7-16.9]
Disease duration prior to ADA biosimilar (months) 13.0 [2.0-35.0] 5.0 [1.0-19.0] 34.0 [23.043.0]
IBD diagnosis

CD 115 (88.5%) 80 (89.9%) 35 (85.4%)

ucC 7 (5.4%) 5 (5.6%) 3 (7.3%)

IBDU 8 (6.1%) 4 (4.5%) 3 (7.3%)
CD* n=115 n=80 n=35

LI 18 (15.6%) 15 (18.7%) 3 (8.6%)

L2 25 (21.7%) 14 (15.7%) Il (31.4%)

L3 70 (60.8%) 49 (61.2%) 21 (60.0%)

L4a 68 (59.1%) 46 (57.5%) 22 (62.9%)

L4b 22 (19.1%) 16 (20.0%) 6 (17.1%)

Bl 80 (69.6%) 58 (72.5%) 22 (62.9%)

B2 19 (16.5%) 14 (15.7%) 5 (14.3%)

B3 21 (18.3%) 12 (15.0%) 9 (25.7%)

GO 85 (73.9%) 56 (70.0%) 29 (82.9%)

Gl 30 (26.1%) 24 (30.0%) 6 (17.1%)
UC/IBDU* n=15 n=9 n=6

El 0 (0%) 0 (0%) 0 (0%)

E2 | (6.7%) 0 (0%) I (16.7%)

E3 2 (13.3%) I (11.1%) I (16.7%)

E4 12 (80.0%) 8 (88.9%) 4 (66.7%)

N 12 (80.0%) 7 (77.8%) 5 (83.3%)

N 3 (20.0%) 2 (22.2%) I (16.7%)
Perianal disease 28 (21.5%) 16 (18.0%) 12 (29.3%)
Extraintestinal manifestations 41 (31.6%) 25 (28.1%) 16 (39.0%)
Accelerated induction regimen 32 (24.6%) 21 (23.6%) Il (26.8%)
Combination therapy at start 41 (31.5%) 34 (38.2%) 7 (17.1%)

Thiopurines 31 (23.8%) 26 (29.2%) 5 (3.8%)

Methotrexate 10 (7.7%) 8 (9.0%) 2 (4.9%)

(Continued)
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Table | (Continued).

All Cohort (n=130) | ADA Biosimilar | Switch from ADA
Induction (n=89) | Originator (n=41)

Other concomitant medications

Systemic steroids 17 (13.1%) 17 (19.1%) 0 (0%)
EEN/PEN 34 (26.1%) 32 (35.9%) 2 (4.9%)
Oral 5-ASA 14 (10.8%) I (12.4%) 3 (7.3%)
Disease activity
Clinical remission 51 (39.2%) 18 (20.2%) 33 (80.5%)
Luminal remission* 22 (16.9%) 6 (6.7%) 16 (39.0%)
Histologic remission* 6 (4.6%) 2 (2.2%) 4 (9.8%)
Radiologic remission* 12 (9.2%) 5 (5.6%) 7 (17.1%)

Notes: *according to the Paris classification.'”

Data are presented as median [interquartile range] for continuous variables and number (%) for categorical variables.

Abbreviations: ADA, adalimumab; CD, Crohn’s Disease; EEN, exclusive enteral nutrition; IBDU, Inflammatory Bowel Disease unclassified; MTX,
methotrexate; PEN, partial enteral nutrition; UC, Ulcerative Colitis; 5-ASA, 5-aminosalicylic acid.

The prescribed biosimilars were ABP 501 (Amgevita®) (n=110, 84%), GP2017 (Hyrimoz®, Sandoz International
GmbH, Holzkirchen, Germany) (n=18, 14%) and SBS5 (Imraldi®, Biogen International GmbH, Baar, Switzerland)
(n=2, 1%).

ADA Biosimilars Durability

After a median follow-up of 26 months (IQR 12.0-50.0, maximum follow-up 72 months), 87/130 (67%) patients
remained on ADA biosimilars. The probability of durability was 93% at 6 months, 86% at 12 months, 75% at 24
months, 62% at 36 months, and 57% at 54 months (Figure 1).

Forty-three (33%) patients discontinued ADA biosimilars at a median time of 14 months (IQR 7.5-27.0). Reasons for
discontinuation included primary non-response (n=6, 14%), secondary loss of response (n=16, 37%), AEs (n=14, 33%),
IBD-related surgery (n=6, 14%), and severe needle phobia (n=1, 2%), which was unresponsive to intensive Play Therapy
input. Among the 14 patients who discontinued ADA biosimilar due to AEs, 6 switched to the originator due to injection
site reactions and/or delivery difficulties.

1,0
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0,6

Survival probability

05

04

0 12 24 36 48 60 72

Follow-up from ADA start (months)
N° atrisk 130 100 70 48 35 3 0

Figure | Treatment persistence with Adalimumab (ADA) biosimilar estimated according to the Kaplan-Meier method. [The y-axis has been scaled to the range 0.4-| for
better visualization.].
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Using Cox regression univariate analysis adjusted for age at diagnosis, patients previously exposed to ADA originator
demonstrated a lower risk of ADA biosimilar failure (adjusted HR (aHR) 0.51 [95% confidence interval (CI) 0.27-0.99],
p=0.047). A similar trend was observed in those who switched from the originator, showing a likelihood predictive factor
for lower failure risk (aHR 0.57 [0.30—1.10], p=0.098). No other factors, including PIBD subtype (aHR 0.72 [95% CI
0.26-2.04], p=0. 54, for CD compared to UC/IBDU), perianal disease (aHR 1.21 [95% CI 0.61-2.40], p=0.58),
extraintestinal manifestations (aHR 0.81 [95% CI 0.42—1.58], p=0.54), previous exposure to [FX (aHR 1.40 [95% CI
0.63-3.13], p=0.41), and combination therapy (aHR 1.21 [95% CI 0.63-2.30], p=0.56), were identified as predictive
factors for ADA biosimilar failure (Table 2).

Effectiveness of ADA Biosimilars

At 6 months, 92/130 (71%) patients were in clinical remission, compared to 51 (39%) patients at baseline. The clinical
remission rate showed further improvement, reaching 72% (79/111 patients) at 12 months (Figure 2). Luminal remission
rates also improved, increasing from 17% (22/130 patients) at baseline to 35% at both 6 months (46/130 patients) and 12
months (39/111 patients). Among the 28 patients with perianal disease, the remission rate (both clinical and radiological)
remained relatively stable, with 19/28 (68%) patients in remission at 6 months, compared to 17 (61%) patients at
baseline.

During the follow-up period, patients showed statistically significant improvements in several key parameters from
baseline to 6 and 36 months. Specifically, CRP levels decreased from 3.4 mg/L [1.0-18.8] at baseline to 1.0 mg/L
[1.0-2.0] at 6 months and 1.0 mg/L [1.0-3.0] at 36 months (p<0.00! and p=0.004, respectively) (see Supplementary
Table 2). Notably, the median FC level decreased significantly from 789 pg/g [IQR 246-1161] at baseline to 129 pg/g
[IQR 38-398] at 6 months, and 76 pg/g [IQR 35-392] at 36 months (p<0.001 for both comparisons). The MINI index
dropped from 12.0 [IQR 6.0—16.0] at baseline to 5.0 [IQR —2.0-8.0] at 6 months, and to 3.0 [IQR 0.0-7.7] at 36 months
(»<0.001 for both) (Figure 3).

Sixty-seven (51%) patients required dose escalation at a median time of 7.5 months [IQR 3.0-21.7]. Of these, 31
(46%) patients required escalation due to low trough levels, 16 (24%) had disease relapse despite therapeutic drug
concentrations, and 20 (30%) with persistently high FC levels despite clinical remission and therapeutic drug levels.

Table 2 Predictors to Adalimumab Biosimilar Failure

Prognostic Marker Unadjusted HR [95% CI] | p-value | Adjusted HR* [95% CI] | p-value
Sex (female) 1.10 [0.59-2.05] 0.75 1.06 [0.57-1.98] 0.85
Age at diagnosis (<6 years) 0.76 [0.32-1.80] 0.53

IBD subtype (Crohn’s Disease) 1.27 [0.45-3.56] 0.65 0.72 [0.26-2.04] 0.54
Perianal disease 1.36 [0.70-2.65] 0.36 1.21 [0.61-2.40] 0.58
Extraintestinal manifestations 0.91 [0.48-1.75] 0.78 0.81 [0.42—1.58] 0.54
Dose escalation during treatment 0.78 [0.43—1.43] 0.43 0.71 [0.39-1.31] 0.28
Accelerated induction regimen 1.07 [0.55-2.09] 0.83 1.17 [0.60-2.30] 0.65
Combo therapy at ADA biosimilar start 1.13 [0.60-2.14] 0.71 1.21 [0.63-2.30] 0.56
Previous Infliximab 1.68 [0.78-3.62] 0.19 1.40 [0.63-3.12] 0.41
Previous ADA originator 0.53 [0.27-1.03] 0.06 0.51 [0.27-0.99] 0.047
Switch from ADA originator 0.58 [0.30-1-13] 0.11 0.57 [0.30-1.10] 0.098
Previous surgery 0.49 [0.15-1.58] 0.23 0.43 [0.13-1.39] 0.16

Notes: *Adjusted HR were calculated adjusting for age at diagnosis.The analyses were performed using the univariate Cox proportional hazard
regression analysis.
Abbreviations: ADA, adalimumab; HR, hazard ratio; IBD, Inflammatory Bowel Disease.
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Figure 2 Clinical remission rates during follow-up.

Dose escalation led to an improved response in 41 (61.2%) patients overall. Twenty-two out of 31 (71%) patients who
escalated due to low trough levels achieved therapeutic concentrations, 11/16 (69%) patients who escalated due to disease
relapse regained clinical remission, and 8/20 (40%) patients who escalated due to persistently high FC levels were able to
normalise their FC (Figure 4). However, 6/67 (9%) patients did not respond to dose escalation and subsequently
discontinued ADA treatment, while 14/67 (21%) were able to successfully de-escalate after a median time of 7.0 months
(IQR 4.2-11.7).

No statistically significant differences were observed between patients who required dose escalation and those who
did not, in terms of body weight (52.4 kg [41.1-64.0] versus 53.0 kg [44.0—63,9], respectively; p=0.46), ADA dosage on
a 2-weekly basis (0.76 mg/kg [0.61-0.95] versus 0.75 mg/kg [0.63-0.90], respectively; p=0.92), or concomitant
immunosuppression (18/67, 27% versus 20/63, 22%, respectively; p=0.54). Unsurprisingly, ADA trough levels were
significantly lower in the group requiring dose escalation compared to the non-escalation group (7.8 pg/mL [6.0—11.2],
measured before dose escalation, versus 12.0 pg/mL [11.6—15.1], measured at 6 months, respectively; p<0.001).

Therapeutic Drug Monitoring and ADA Biosimilar Immunogenicity
Therapeutic drug monitoring (TDM) was conducted for all patients in the study population. Patients who experienced
ADA biosimilar failure during follow-up had lower drug concentrations at 6 months compared to those who continued
treatment (10.7 ug/mL [7.6-12.0] vs 12.0 ug/mL [10.4—15.9], p=0.007). Using ROC curve analysis, a cut-off of 11.6 ug/
mL at 6 months was identified to differentiate patients who experienced ADA biosimilar failure (AUC 0.683, p=0.007)
(Figure 5). Patients with trough levels equal to or greater than 11.6 pg/mL at 6 months had a higher probability of ADA
biosimilar failure-free survival (HR 0.23 [95% CI 0.10-0.52], p<0.001) [n=88 (68%) with available levels at 6 months]
(Figure 6). Importantly, these higher trough levels were not associated with an increased incidence of AEs [15 AEs (17%)
in patients with trough levels <11.6 pg/mL at 6 months versus 14 (16%) in those with trough levels >11.6 pg/mL,
p=0.15]. The same analysis was performed for post-induction trough levels measured at a median time of 7.1 weeks
[IQR 5.7-10.6], and no significant cut-off was identified.

Seven (5%) patients developed anti-ADA antibodies during follow-up. Among these, 3 patients discontinued ADA, 2
eliminated antibodies through ADA dose escalation, and in the remaining 2, the antibodies spontaneously disappeared
without any intervention (see Supplementary Table 3).
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Figure 3 Boxplot of clinical scores and laboratory data during follow-up (baseline, 6 months, 12 months, 24 months and 36 months). [Bold denotes significant p-value].

ADA Biosimilar Safety

During the follow-up period, 46 (36%) patients experienced AEs, most commonly anti-TNF-a-induced psoriasis and
injection site reaction (each occurring in 13% of patients) (Table 3). ADA biosimilars were discontinued due to AEs in 14
patients: 6 patients switched to the originator due to severe injection site pain, 3 discontinued due to severe psoriasis
unresponsive to topical steroids, 1 stopped due to a severe infection (intracranial abscess and osteomyelitis, requiring
hospitalisation and intravenous antibiotics), 1 due to alopecia, 1 due to Hodgkin Lymphoma, and 1 due to a suspected
allergic reaction.
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Figure 4 Success rate of Adalimumab (ADA) dose escalation in all cohorts and in different groups based on the reason for escalation: low trough levels, disease relapse, and
high faecal calprotectin (FC) levels.
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Figure 5 ROC curve of Adalimumab (ADA) trough levels at 6 months in predicting ADA biosimilars failure during follow-up.

Notably, one male patient developed Hodgkin Lymphoma 32 months after starting ADA biosimilar treatment, with
the last 18 months on combination therapy with azathioprine. This patient also had a primary Epstein-Barr (EBV)
infection prior to the lymphoma diagnosis. He underwent standard chemotherapy regimen and achieved complete
remission of his lymphoma to date, remaining in remission of IBD off treatment for 2 years.

Among the patients who experienced injection site pain, 16/17 (94%) were on ABP 501 with 1 (6%) on GP2017.
Additionally, 14 (82%) patients were using pre-filled pens, 1 (6%) was using syringes, and 2 (12%) reported pain with
both devices. During the follow-up, 3 patients switched devices from pen to syringe, and 6 switched to the originator,
successfully resolving the issue in both causes. Injection site pain was significantly more frequent among patients who
switched from the originator (9/17, 53%) compared to those who started on ADA biosimilar (7/17, 41%) (p=0.04) (see
Supplementary Table 4).
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Figure 6 Kaplan-Meier curves representing different rate of Adalimumab ADA biosimilar failure in patients with ADA trough levels <I1.6 pg/mL at 6 months (blue) and
those with trough levels 2 11.6 pg/mL (red). The assumption of proportional hazard was used for analysis, and no violations were observed.

Outcomes in the Two Different Cohorts
No significant differences in ADA biosimilar durability were observed between the Scottish and Italian cohorts (HR 1.55
[95% CI 0.81-2.99], p=0.20, see Supplementary Figure 1), or in the secondary outcomes (see Supplementary Table 5).

Notably, the median ADA trough levels at 6 months were similar among the two cohorts: 12.0 pg/mL [10.8—13.1] in the
Scottish cohort compared to 10.2 pg/mL [7.6—14.0] in the Italian cohort (p=0.11).

Cost-Effectiveness Analysis

The estimated cost savings from using ADA biosimilars instead of the originator amounted to approximately €5,030
(£4,238) per patient per year, or €419 (£353) per patient per month. Without the use of ADA biosimilars, a minimal
potential savings of €1,579,067 (£1,330,519) would have been missed.

Table 3 Adverse Events During Follow-up

All Cohort (n=130) ADA Biosimilar | Switch from ADA
Induction (n=89) | Originator (n=41)
Adverse events 46 (35.4%) 23 (25.8%) 23 (56.1%)
Anti-TNF-o induced psoriasis 17 (13.1%) 7 (7.9%) 10 (24.4%)
Injection site pain/swelling 17 (13.1%) 8 (9.0%) 9 (21.9%)
Infections 5 (3.8%) 4 (4.5%)** | (2.4%)**
Alopecia 1 (0.8%) 0 (0.0%) | (2.4%)
Hodgkin Lymphoma 1 (0.8%) I (1.1%) 0 (0.0%)
Lethargy/fatigue/dizziness 3 (2.3%) I (1.1%) 2 (4.9%)
Diffuse skin reactions 2 (2.0%) 2 (3.1%)* 0 (0.0%)

Notes: *A patient presented recurrent diffuse folliculitis and the other one extensive maculopapular rash after injections.
*Two patients experimented shingles, | recurrent candidal intertrigo (involving both axillae), | recurrent episodes of
impetigo, and | intracranial abscess and osteomyelitis.

Abbreviations: ADA, adalimumab; TNF-q, tumour necrosis factor-a.
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Discussion
This study represents the first real-world assessment of the long-term durability of ADA biosimilars in PIBD.

In our cohort, 67% of patients remained on ADA biosimilar throughout the follow-up period (median follow-up of 26
months), a rate similar to that reported for ADA originator (68% of paediatric CD patients remaining on ADA after
a median follow-up of 24 months).>* The treatment persistence rate is comparable to previously reported rates for ADA
biosimilars: 86% at 12 months and 75% at 24 months in our study versus 85% for both the follow-ups in the Sicilian
cohort.'® Dipasquale et al assessed the effectiveness and safety of ADA biosimilars in PIBD patients for the first time,
however, their study was limited to 41 patients, with a short median follow-up of 11 months. The biosimilar used were
ABP 501 and GP2017, 9 patients switched from the originator and no TDM data were available.'® Notably, the larger
sample size and extended follow-up period of our study allowed for a novel evaluation of the longer-term durability of
ADA biosimilars, which was 62% at 36 months and 57% at 54 months. Our treatment persistence rates are also similar to
those found in studies on adult IBD patients; Macaluso et al reported an overall treatment persistence equal to 93% at 6
months and 86% at 12 months for ABP 501."

Furthermore, we observed favourable clinical and biochemical remission rates amongst patients using ADA biosi-
milars, with statistically significant improvements in several parameters. Remarkably, there was a substantial reduction in
FC levels and MINI index scores from baseline to 6 and 36 months, indicating a meaningful clinical impact of ADA
biosimilars on disease activity. The MINI index can accurately assess mucosal inflammation in PIBD studies,*
especially useful when endoscopic data are lacking. At 12 months, the clinical remission rate was 71%, which is very
similar to the 72% reported in the Sicilian study at the same follow-up.'®

Patients previously exposed to ADA originator had a lower risk of ADA biosimilar failure, likely reflecting a more
stable disease course in those who had already responded favourably to ADA. Similarly, switching from the originator
appeared to have a protective role against biosimilar failure. Therefore, it is plausible that a previous exposure to ADA,
rather than the switch itself, may play a more significant role in predicting greater durability.

Additionally, higher drug concentrations at 6 months were associated with greater durability, and a cut-off was
identified at 11.6 pg/mL. This level exceeds the suggested levels in current ECCO-ESPGHAN guidelines®* and previous
literature,” >’ but aligns with trends observed in more recent studies, such as the PANTS study, which found optimal
drug concentration thresholds when predicting long-term remission to be 10.1-12.0 mg/L at week 14 and >10 mg/L at
week 5428 Similarly, Lucafo et al identified cut-off points of 7.5 and 10.5 pg/mL at week 22 as predictive of sustained
response at week 52 and 82, respectively.”” Rinawi et al also observed that ADA trough levels >10 pg/mL during
maintenance were associated with greater likelihoods of achieving biochemical, endoscopic and transmural remission in
children with CD on ADA originator.*> These findings highlight the importance of TDM and higher doses of anti-TNF-q,
especially in the paediatric population. Proactive monitoring of drug concentrations facilitates personalised treatment
optimisation, enabling dose escalation or shorter intervals between injections, as needed. In our cohort, half of the
patients required dose escalation during the follow-up period, with a success rate of 61% in the original reasons for
escalation (low trough levels, clinical relapse, or persistently high FC levels) indicating this is a valuable clinical strategy
before moving away from ADA.

AEs were reported in 36% of patients during follow-up. Injection site pain was significantly more common among patients
who switched from the originator, likely due to their prior experience with different delivery devices. Similar findings have
been reported in studies with adult IBD patients, where injection site pain was the most frequent cause of ADA biosimilars
discontinuation after switching; previously, most commonly related to the presence of citrate in biosimilar formulations.'%!*3°
However, in our cohort, all but one (94%) of the patients reporting injection site pain were receiving ABP 501, a citrate-free
biosimilar. This suggests that the pain may be related to the device or technique rather than the formulation itself; indeed,
factors such as delivery volume, type and needle gauge size, may influence the extent and the intensity of injection site
pain.*'~*? In our cohort, the majority of patients who experienced pain at injection were using a pre-filled pen device (82%) and
the issue with injection pain was resolved in a significant proportion of patients by switching to the originator or to a different
delivery device of the same biosimilar (pre-filled syringe instead of pre-filled pen). The greater tolerance of syringes could be

related to the better control they provide over the speed and duration of injection. Injection site pain should be considered in
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patients on ADA biosimilars, especially after switching, as it may interfere with patients’ adherence to treatment and
consequently with disease activity control. Strategies to enhance adherence should be explored by the IBD team, focusing
on patients-centred selection of delivery devices, needle sizes (both diameter and length), and anatomic injection site.
Additionally, patients and their carers should receive proper training on injection techniques, including the correct insertion
angle and ensuring that the medication is at the appropriate temperature (kept at room temperature for approximately
30 minutes before administration).* In refractory cases, the use of topical anesthetics could be considered. Ongoing
advancements in drug delivery systems could further address these challenges,” including the development of non-
injectable subcutaneous delivery methods and novel technologies.*>

Along with injection site pain, the other most common AEs in our cohort were anti-TNF induced psoriasis and
psoriasiform eczema, with a prevalence of 13%, consistent with rates reported in literature.>* > It is important to report
that one male patient in our cohort developed Hodgkin Lymphoma while on combination therapy. It is well established
that both PIBD and its treatments are associated with a higher risk of malignancy, including lymphoma. According to
current literature, PIBD patients have a 2- to 3-fold increased cancer risk when compared to non-IBD children,*”*°
independent of treatment, with a 2.7-fold increased risk for lymphoid neoplasms.*® The risk of lymphoma has been
associated with thiopurine use,***? however data on lymphoma risk related to anti-TNF-o monotherapy remain
discordant.>’>%4%43746 Interestingly, a French population-based cohort found that lymphoma risk was higher in patients
on combination therapy compared to those on thiopurine monotherapy (HR 2.35 [1.31-4.22]) or anti-TNF-o mono-
therapy (HR 2.35 [1.35-4.77]), both of which were also associated with an increased in lymphoma risk compared to
patients unexposed to these treatments.*> Conversely, the PYRAMID registry analysed the overall safety profile of ADA
in CD patients over a follow-up period of up to 6 years and did not show an increased lymphoma rate.*’

In our reported case, it is difficult to determinate whether ADA, thiopurines, primary EBV infection or whether these
in combination contributed most to the development of lymphoma.

Costs were more than halved with the adoption of biosimilars. This significant cost saving would have an important
impact on the healthcare system, permitting earlier and wider access to biological therapy and facilitating the efficient
allocation of limited financial resources.*®

This study has several limitations including being a retrospective study. Due to this, few patients underwent endoscopic and
radiologic reassessment, and this missing data made it impossible assessing the deep remission in a “conventional” sense.
However, we attempted to estimate MH using the MINI index, which provided encouraging results. Additionally, PUCAI and
PCDALI scores were retrospectively calculated when missing, but to minimise potential biases, this was done only when all
required items were clearly documented in the medical records. The absence of a control group on ADA originator represents
another limitation of this study, alongside with the presence of other potential confounders. These were partially mitigated
through the inclusion of consecutive patients from two different European cohorts. Finally, we acknowledge that ADA trough
levels were measured in the two cohorts using two different assays with different working ranges; despite this, the median drug
concentrations were similar in both groups.

Conclusion

This is the first real-world study addressing the long-term durability of ADA biosimilars in PIBD patients followed in
two different European PIBD centres. The high probability of durability and good rates of clinical and luminal remission,
along with significant cost savings, confirm the cost-effectiveness of ADA biosimilars in children, as previously

demonstrated for IFX biosimilars in PIBD.**™!

Abbreviations:

ADA, adalimumab; AEs, adverse events; aHR, adjusted hazard ratio; CD, Crohn’s Disease; CI, confidence interval; CRP,
C-reactive protein; EBV, Epstein-Barr virus; ESR, erythrocyte sedimentation rate; FC, faecal calprotectin, Hb, haemo-
globin; HR, hazard ratio; IBDU, Inflammatory Bowel Disease unclassified; IFX, infliximab; IQR, interquartile
rangeMH — mucosal healing; MINI, mucosal inflammation non-invasive; PCDAI, paediatric Crohn’s Disease activity;
PIBD, paediatric Inflammatory Bowel Disease; PUCAI, paediatric Ulcerative Colitis Activity Index; TNF-a, Tumour
Necrosis Factor-a; UC, Ulcerative Colitis.
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